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( Bruker
N Bruker AV 11400 MHz Bruker AV 11600
MRI MRI MHz) ; ( ABI
Gd-DTPA API3000 LC-MS/MS) ; ( Waters
MRI Q-TOF Premier) ;
( IRIS Advantage).
1.2 DTPA
1 2.0 mmol 1" 100 mL
1.1 250 mL (1 mol/L)
N- (DIPEA) (TFA) 50 mL 5.0 mmol 2"
«c ) ; 24 h( ).
N N N N'- (HBTU) 1- (150 x 3)
- - (HOBt) Boc-.dys (Boc)-OH Na,SO,
Boc-.-Lys(Chz) -OH ( ) ( V A% =4:1
;o (2- - ) Pd/C(10%) GdCI, - ~3:1) 3 40.6% . ESI-MS:m/
6H,0(99.9999% ) Sigma-Aldrich. z2836.1( M + H ") 858.2( M + Na *).
CO;/Bu BZI00C CO,'Bu
leooc\/\(coszu 2 Br N CO,Bu B0, NN 0,y
1 Nt Butfer 'BuO,C 5 kcoleu
HOOC C0,'Bu
H,, PA/C(10%) o NN \/\I\LI/\COZtBu
'Bu0,C CO,'Bu
Scheme 1 Reaction scheme for synthesis of DTPA

3(3.0g 4 mmol)
1.8 ¢ Pd/C (10%)
24 h

20 mL
(0.4 MPa)
24 h 4
100% . '"H-NMR (400 MHz CDCl, 8) 1.

(m 8H) 3.45 (s
NMR (100 MHz

8H) 3.80 (m
CDCI, &) 24.1 27.8 28.1
31.2 40.5 53.1 55.6 63.4 80.3 81.4
170.6 171.5 175.2; ESI-MS:m/z 746.3 ( M
+H ") 768.0( M + Na 7).

1H) ;" C-

40 (s

45H) 1.98 (m 2H) 2.60 (m 2H) 2.80
I Boc L} Boc [\ /—COOBzl
NH HN (Boc),0 [NH HNj K,CO; NI N
—_—
[ NI N BrCH,COOCH,Ph [ ]

NH HN Boc \ ', Boc Boc N\H HN, Boc

5 6 7
BuooCc—. [/ \ /—COOBz Bu'ooCc— /[ \/—COOH

TFA

(

K,CO;, BrCH,COO'Bu

N
Bu'0OC—" \__/ “—COOBRY
8

N N
j H,, PA/C(10%) [ j
_—
N N N
Bu'0OC—" \_/ —(COOBY
9

Scheme 2 Reaction scheme for synthesis of DOTA
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1.3 DOTA
N, 9.2 ¢(53.4 mmol)1 4 7 10-
5 250 mL
20 mL
(144. 2 mmol) (Boc),0

31.44 ¢
250 mL
H
( v IV (o-o0cy =172)
6 87.6% ( 2).
N, 47 10- ( )4 47
10- 6'" (2.3 g 4.9 mmol)
50 mL K,C0,(0.69 g 5.0
mmol) . 5 min

(1.15 g 5.0 mmol)
60°C 12 h

(25 mL).

VooV =15:1) 7
84.3% . ESI-MS:m/z643.42( M + Na 7).
N, 7(1.1 g 1.8 mmol)
CH,CL, 8 mL TFA.
0.5h
3h 30 mL N
K,CO,(0.69 g 5.0 mmol)
(1.17 g 6.0 mmol). 60°C 24

8 mL

2

H v V. =10:1)

8 84.3% . 'H-NMR (400 MHz CDCI,
8) 1.33 1.34 1.35 (s 27H) 1.85~3.74 (br
24H) 5.17 (s 2H) 7.24 (m S5H);”CNMR
(100 MHz CDCl, &) 172.13 168.75 164.10
135.52  128.79  128.55 128.12  81.48
81.32 66.24 56.21 55.51 54.29 53.31
51.55 48.41 46.90 27.88 27.56; ESI-TOF-
MS:m/z685.45( M + Na *).

9 4.
99.3%.'H-NMR (400 MHz CDCl, §) 1.33
1.34 1.35 (s 27H) 1.85 ~3.73 (br 24H);
“CNMR (100 MHz CDCl, §) 172.1 168.8
164.6 81.70 81.61 56.11 55.48 54.30
53.3 51.61 50.42 48.91 27.85 27.81; ESI-
MS: m/z573.9( M + H ") ;ESI-TOF-MS:m/z
595.24( M + Na *).

1.4 (dendrimer) MRI

N, Bocd.d.ys (Boc)-OH (2.18 ¢
6.3 mmol) 20 mL CH,Cl, DCC
(1.3 g 6.3 mmol) HOBt (0.85 g 6.3 mmol)
DIPEA (1.63 g 12.6 mmol) (2- - )

(0.22 ¢ 1.5 mmol). 24 h
10 mL. CH,CI,
( H
v /v =10:1) CH,CI,
11 87.5% .'HNMR (600 MHz

CDCl, 6) 1.18 ~1.60 (m 15H) 2.46 (m
2H) 2.78 (m 2H) 3.08 (m 2H) 3.80 ~

4.01 (m 1H) 6.76 (s 2H) 7.60 (s 1H).
ESIMS:m/z 1131.76 ( M + H *) 1153.78
( M + Na ")( 3).

N, 11 (565.7 mg 0.5
mmol) 5 mL CH,Cl, 5
mL TFA. 0.5 h

4 h 10 mL
DMF Bocd.-Ays(Cbz)-OH (1.22 ¢ 3.2
mmol) DCC (660.2 mg 3.2 mmol) HOBt
(432.3 mg 3.2 mmol) DIPEA (580 mg 4.5
mmol) . 36 h 20
mL CH,Cl,

( H Vo
Vv V. =6:2:1) 12

84.2% . 'HANMR (600 MHz DMSO 8) 1.18 ~
1.69 (m 36H) 2.46 (m 2H) 2.96 (m
6H) 3.09 (m 2H) 3.86 (m 2H) 4.21 (m
1H) 5.01(s 4H) 6.69 (s 1H) 6.90 (s
2H) 7.25 (m 10H) 7.60 (s 4H).ESI-TOF-
MS:m/z 2705.57 ( M + H ") 2727.56 ( M
+ Na 7).
N, 12 (0.54 ¢ 0.2 mmol)
7ml CH,CL 7 mL TFA.
0.5 h

. 4h 15 mL DMF
Bocd.-4.ys (Boc)-OH (0.48 g 14 mmol) HBTU
(0.53 ¢ 1.4 mmol) HOBt (0.19 ¢ 1.4 mmol)

DIPEA (0.23 g 1.8 mmol). 48 h

Sephadex LH-20 (
CH,OH) 13 76.1% . 'H-NMR
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Scheme 3 Reaction scheme for synthesis of peptide dendrimers G348Gd-DTPA-6COOH and G348Gd-DOTA-6COOH

(600 MHz DMSO &) 1.20 ~1.73 (m 66H) Na *).

2.44 (s 2H) 2.94 ~3.10 (m 12H) 3.88 N,

(m 4H) 4.22 (m 1H) 5.09 (s 4H) 6.67  mmol)

(s 1H) 6.88 (s 4H) 7.22 (m 10H) 7.46  mgPd/C(10%)
(s 6H). ESI-TOF-MS: m/z 4097.49 ( M + b

99.1% .

13 (587.3 mg 0.15

20 mL 800

(50 Pis) 24
24 h

(318.8 mg 20
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pmol) 10 mL DMF Boc-1L-ys
(Chz) -OH (49.5 mg 0.13 mmol) HBTU (49.3
mg 0.13 mmol) HOBt (17.6 mg 0. 13 mmol)
DIPEA (25.8 mg 0.2 mmol). 24 h

Sephadex LH20 ( CH,0H)

14 78.8% . 'H-NMR (600 MHz
DMSO §) 1.20 ~1.73 (m 96H) 2.40 (s
2H) 2.85~3.09 (m 16H) 3.80 (s 4H)
4.18 (s 3H) 5.09 (s 4H) 6.70 (s 5H)
6.89 (s 2H) 7.21 (m 1H) 7.38 (m 10H)
7.80 (s 7H).ESI-TOF-MS:m/z2734.67( M +
Na+H %) 2745.17( M + 2Na *").

N, 14 (54.4 mg 10 pmol)
7mL  CH,CL 7 mL TFA
2h
6 h 10 mL DMF

DTPA (141.6 mg 0.19 mmol) HBTU (72 mg
0.19 mmol) HOBt (25.7 mg 0.19 mmol)

(132.3 mg 0.25 mmol) DIPEA. 72 h
Sephadex LH20
( CH,0H) 15a
62.1 %. 15b 15a
56.3%.

15a (134 mg 8 umol)

10 mL 40 mg Pd/C(10%)
(50 Pis) 24 h
24 h 98.6% .
N, (111.6 mg 7 wmol)
6 mL CHCI, (478.2
mg 45 pmol) 50 pL DIPEA
Sephadex
LH=20 ( CH,OH)
16a 77.4% . 16b
16a 80.3% .

N, 16a (132.3 mg 8
pwmol) 3 mL CH,CI, 3
mL TFA 24 h

1h 25 mL
24 h Sephadex LH=20
( H,0) 17a
69.1% .
17b 17a 74.1% .

17a (46 mg 4 pmol) 5 mL

2 mL GdCl, « 6H,0

(14.9 mg 40 pmol) 1 mol/L
NaOH pH =5 ~6. 24 h
(1 Lx5)
Sephadex LH-20 (
H,0) 18a (G348Gd-
DTPA-6COOH) 65.3% . 18b (G3-
18Gd-DOTA-6COOH) 18a
69. 8% .
1.5
G348Gd-DTPA-6COOH G3-
18Gd-DOTA-6COOH MRI
Gd-DTPA MRI
8 Gd'* 0.5
0.4 0.35 0.30 0.25 0.20 0.15 0.10 mmol/L.
1.5 mL EP Gd*”
GE 1.5
T
(r).
2
2.1 DTPA
DTPA 4
5 3
4
1 2
3. 12 NaOH
NaOH
( 31% 40.6%). 3
Pd/C
( 56%
100% ). ' HNMR “"CNMR  ESI-MS
2.2 DOTA
DTPA Gd**
DOTA 9 Gd**
DOTA 8 8

Gd-
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DOTA 6 12
13 Boc Boc-.4.ys (Cbz) -OH
1:3 3 14 18
Boc 6 Chz . 14
'"H-NMR ( 2)
DMSO
. ( 5) §=7.3~7.4
(Boc),0 §=5.09 C,H,CH,CO—
7 6 =2.45
70% —NCH, CH,CO— 5=3.8 ~
4.3 a
6§=2.8~3.3
8 Pd/C ¢  —NCH,CH,NCO—
9. '"H-NMR " C-NMR Boc
ESI-MS ESI-TOF-MS 6=1.28
9 572.38 ESI-
MS m/z573.9( M + H *);ESITOF-
MS 1 .m/z 595.24 ( M +
Na *) 5=1.1~1.8
N 52 gl 0 b
peakPh:
peak PhCH,CO:peak a:peak a £-peak b =10:4:7:
596.2499 16:2.
325,129 3971539 5934@83ff9f33957ﬂ%711§91256°6512998 Lys=:—()Céﬁ{ﬂﬂ}{—)éﬁizéﬁizé;{ZéI{ﬂﬂ}{—

300 350 400 430 500 550 600 630 700
miz

Fig. 1 ESI-TOF-MS spectrum of compound 9

2.3 G348Boc-6Cbz

(2- - ) .Bocd-dys(Boc)-OH
DCC/HOBt 11
@ - )
3 Bocd.d.ys (Boc) -OH
11 TFA
Bocd.4.ys(Chz) -OH.DCC/HOBt
12 12
6  Boc 6 Chz
'"H-NMR  ESI-TOF-MS
12 2704. 55

ESI-TOF-MS: m/z 2705.57 ( M + H *)
2727.56 ( M + Na 7).
12 Boc
Pd/C

80 70 60 50 40 30 20 10 00
0

Fig. 2 '"H-NMR spectrum of compound 14 in DMSO

14 14
5444.32  ESIZTOF-MS

C 3) 3

2745.6685 — 2745.1660 = 0.5025

2745. 1660 - 2744. 6812 = 0. 4842

0.5 1 0.5 2 2745. 1660
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2
M 18 6
+ 2Na *7 5490. 33 MRI 18a  18b.
2734. 6719 17a  17b
M+H+Na *7 5469. 34. 17b  'H-NMR ( 4
14 peaks a o'
. peaks b
2.4 G348Gd-DTPA G348Gd-DOTA —OCNCH,CH,CO0— §=11 ~
14 TFA/DCM 1.8 3 B vy 6
DTPA
( 4) DOTA ( 92) & DOTA —NCH,—
15a 15b.
15a 15b  Pd/C 17a
16a 16b '"H-NMR

[M+H+Na]*" = 5469.34

25784033 2734.67 1\9
2577.3970+

Lnadkae

[M+2Na " = 5490.33

2745.1660
| 2745.6685

27461753
2744.6812

2746.6772

27471855

2747.6694

2753.1873
2847.7844
2849.3086

2733.6768,

T T T t T
2100 2200 2300 2400 250

2600 2700 2800 2900 3000

Fig. 3 ESI-TOF-MS spectrum of compound 14

a B v 5 ¢
Lys = -OCCH(NH-)CH,CH,CH,CH,NH-

O
HoocﬂN/_N/—”_
[ j ~OCNCH,CH,CO-
HOOC— \—/—COOH
/ 2)
Bro
b
a

1 1
80 70 60 50 40 30 20 10 0.0
5

Fig. 4 '"H-NMR spectrum of compound 17b in D,0

16a 16b

DTPA  DOTA TFA
17a  17b
DTPA  DOTA
(ICP-AES) 17a
17b DTPA  DOTA
18a  18b
18a (Wt%) 119.54% (
19.89%) 18b (wt% ) :21.03% (
21.49%)
Table 1 Longitudinal (r,) relaxivities of Gd-DTPA complex and

different dendrimers as MRI agents at 1.5 T field

Compound Sample r, (Lemmol "5~ ")
Comp. 18a G348Gd-DTPA-6COOH 12.53
Comp. 18b G348Gd-DOTA-6COOH 11.78
Gd-DTPA Gd-DTPA 4.37
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18a  18b 18 ) (DOTA-Gd  DTPA-Gd) MRI
2.5
1 ( )
MRI . .
T, .
(r,) G348Gd-
DTPA-6COOH 12.53 Le+*mmol ' *s™' G3- 3
18Gd-DOTA-6COOH 11.78 Lemmol 'es™'
DTPA-Gd 4.37 Lemmol "+s7".
MRI ( ) DTPA DOTA
Gd-DTPA ) ©- - ) .
300% . — .
MRI Boc Chz
MRI (3:1).
( ). . DOTA
. DTPA Gd
i MRI
MRI MRI
MRI
MRI
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FUNCTIONAL PEPTIDE DENDRIMERS AS MAGNETIC
RESONANCE IMAGING PROBES

SHE Wenchuan LUO Kui HE Bin Al Hua GU ZHongwei

(National Engineering Research Center for Biomaterials Sichuan University Chengdu 610064)

Abstract Novel synthetic strategies and methods have been developed for the synthesis of magnetic resonance
imaging ( MRI) contrasts. DTPA ligand DOTA ligand and peptide dendrimer-based MRI probes with
controllable structure were prepared. The third generation L-ysine dendrimers were synthesized by solution—
phase synthesis method and convergent approach and the primary amine groups on the surface of the
dendrimers were protected by different groups. The ratio between Boc group and Cbz groups was 18:6. The
peptide dendrimers were selectively deprotected and reacted with DTPA or DOTA derivates in the presence of
succinic anhydride to yield controllable ‘peripheral’ functional dendrimer-based MRI contrast agents. The new
compounds were confirmed by NMR ESI-TOF MS and so on. The peptide dendrimer-based MRI probes
possessing highly controlled structures and single molecular weight were tested at 1.5 T magnetic field in a
clinical MRI scanner and a 3-old increase in T, relaxivity to 12. 53 Gd mmol*L ~'+s ' was noticed comparing
to that of the clinical agent GA-DTPA. The successful approach to synthesize the controllable dendrimer-based
agent and the high T, relaxivity of the agent opened an opportunity for the design of multifunctional dendritic
contrasts for MRI.

Keywords Peptide dendrimers Gadolinium chelates Magnetic resonance imaging probes Relaxivity



