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Synthetic route and structures of four ester-amid ligands and corresponding Gd(Il) complexes
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# DTPA 2.0 g(5.1 mmol) 5 5 mL = Z % T
15 mL DMF 1, FHvKER IR A HI 2 -15~-10 °C, fitHk
TEREMAZH RS TE 0.77 mL) (5 mmol ), Ti%
TR 4kSE I 0.5 h, SR A KR Y T T
(NEt;- HCl) , PRt 38 , & DTPA Hig 4L 1 Ak
W T -5~0 CHUE I B A

] % ) B EDTA *A35% 1k Fis 2
5~0 CHCE IR .
1.3 DTPA Hfg-Bifz /N9 FERIEHE B

10 mL DMF A1 1.02 g(5 mmol ) XUFLER it 2 — i
TIOCRE A 3 A SR, ER AT B
B E) B TR B B -15~-10 °C, B FE R E7
%19 5 mmol DTPA HLIE Mg 1 /9 DMF i Wi 4341t fin
Ao F-10 CHLL R 1 h, KI5 T 0 CLRLER

B DMF %W, T-

CHs

NWNH __“__C_igi__Q_z___“) Gd-complexes

Gd-5a
Gd-5b
Gd-5¢
Gd-5d

B 2

0.5 h, R TP N 2h, SR AR AR B 0 7 T
/”’mz 4 IE S IR A 0T A -k (101, VIV )

AR A GIE, HH DMF-4BE- L BHE A 5 7 45
i, A5 AR AR 1A 5a 2.6, 72K N 90 %, il H:
W55 172~174 °C,,

5b,5c,5d /i 1R 5a 5, Sb MR E A REA  m.p.
170~172°C, 723K 69.3 %, 5¢ M @A mp.
188~191 °C, /=K 71 %, ZALA YA 188 Cl il At
B AR R 5d m.p. 184~186 °C, P2 K 78.7 %, X IU
FRECAR Y 2 W, HL55 ¥ K 705 mil i B AR IR
1.4 £l AR & &

FRECEL A 5a 1.00 g(1.73 mmol )& F 20 mL —
WZE K, A Gd,05 R K K 0.31 ¢(0.86
mmol), F 50 C/AKE e RN 6 h, Wi &
Gd,0, B s i, 15 20 75 3 TR IR . K 388 TV T
WA O -8, VIV IRAGER T, A f
UUUE, i 98, O WE- O BHIR A IR e ik, B T
A FREARE S Y Gd-5a, =& 0.55 g, =%
42%,

] ¥ A WA A %) 5b,5¢ F1 5d, 5b (/=& A



%4 W

AT T 45 <o 2L i R NG - T e LG S 0 A9 5 i B R R BRUIT IXC T b S 48 5 A D - 391 -

0.7g, 7" % 54.5 % ;5¢ WY K 1.01 g, /" F 73 %;
5d RN 115 g, 75 % 86 %,
1.5 {LEREWMEEE T, HllE

B 4 FhEC A ) B GA-DTPA 43 51 e i i — & He
JE (~2 mmol - L) A K W (pH~7),21 “CF DL 1k
& ¥ 1E Bruker BIOSPEC 47/30 % 3t % i 12 1% (4.77)
I 3 R T A R TR K B T Y - A st
e Ty,
1.6 (LESYEHIPAESENNE

VEWCH DTPA iAW BL AW R, & & Gd-
Sa JEAT 4 2o B 2 2R A AR

¥ Gd-5a e A 0.2 mol - L B £F BE R K 14 W,
pH 2y 7.2, BUE WIFh el L 20 H (1A 2042 g,
W e ), MR e ki B 0. 2mL, B8 SV 5T 0.5 mLL,
HEEWER T d, AW,
1.7 $LE &Y sh#iEE MRI 13818

HUATE ) 180~200 g Wistar KR 6 2,20 K 2
4, WE R E ST 2% 0% B SRR, B A Bruker
BIOSPEC 47/30 # 3 4 AR AL (4.7T) , 53 51| WL %< 2 i
JikE 84 Gd-5a Al Gd-DTPA Wi J& , Zh¥ & iz T,
IAUAR ., S50 2R FH A T 813 Jik op 3= 571 [0 B ] TE=
13 ms, 8 & I [H] TR=500 ms, Z /KA NA=2, /&
SD=2 mm, &FE 5 min K —IK1&

2 HR5iE

21 BEHEMERSEMSH

TEG LS BRI, T FAS 2 R 550 1 28 50 ™
T, MA=ZCAMTIEN. H—-EBAUT
DTPA .EDTA #%F DMF 1, 50 DTPA EDTA Epfifi
e T 50 CHY DMF R ARMERS e 5 L R Al A4
AL AL NEt- HC UTVE T ok i ) i 78 4, 3 4h,
A G I AT I S BT (7 HL 2 AE -5 CLA T fdi ]
SRR ), B I AR RS AR AR I TR B & 41
i, 762 T ARMECRAT .

BC AR B A OGRS, TR IR IR 2R IR B B

FEHIFE-10 CLATT, PARUE DTPA \EDTA i £k Fig XF
JHe S 1) 1 S NS B o T B I C AR AR 25 & i i L
s S E B AR, Boat Ak BRI 22 TE K 7%
IR TR AR TP R T S0 LA T

ZLAMGIE 4 B R F 4 an R B .2 500
~ 3600 cm™ (OH,-CONH-,-COOH);1 632~1 641
cm™ (-CONH-);1731~1734 ¢cm™.1203~1226 c¢m™
(-CO0-);1395~1400 cm™ (-CHy), FHAR AL T
Ii) BF 55 7 T A BE A% . 'H NMR B0 (H (% 7] D,0) 81 F
z1Hh, TESWMEME (%, iH5HAE): 5
(C,HyNsO,5):C 45.47 (45.59);H 6.68 (6.43);N 11.89
(12.08) , 5b(C16H,sNsO13) : C 48.91(49.13); H 7.42(7.14);
N 10.76(11.02), 5¢ (CisHyN,0,):C 45.33(45.19); H:
6.46(6.32);N 11.95(11.71), 5d(C»H;N,0,):C 49.15
(49.43); H 7.44(7.16);N 10.30(10.48),,
22 WMEVYKHERSRIE

TEG BUELBC & P8, BCAR Sa,5b B 5 % TIK,
F2 N 1 B AT $ R AE 45~50 °C, WG N Gd,0, F v
4~5 h BIRT Rz Ao I ek R D) 2 5 S0RE AR b B 1
KA, BCAA Se,5d MAOHERS TK A S T iR

ELECE YR IR Moo i8Ry T3 2 v 4L
HPGTE R, 7E 1600 em™ (1400 em™ B H 2R R
A (R AR I S0 | U A5 BE A A, T8 i .
XUFAC & W W 2L AM OGS £ S R R 1600 em™
BRF ST 1 AR A 068 5 T e i 356 1) Ao 4 41 8 IR i 0 S5
T RS B 04 W T T A T 5 e T 5 0 L R O e 0
FRFRERVEA BB 7E 3000~3 600 cm™ Ak T W YA I
R v 04 & B o R 2 K AR TE
2.3 BEEYHMERIELE

TE B R K o v LR 9 o () K s R, T
W6 V% SO -V SRR LA L, KR T A 9 ) st 5 R
(/T 55 LRGP A B MR B (e ) S IR Rk O &R 101,

(1T g = (1/T)y + Ric (1)
T (/T ) gea FACUT) ) g 53 590 F V5 VRN 40035 550 B 5 114
R R, B ALEE Ry, R (DR RPR X

&1 B 'HNMR #iRE

Table 1 'H NMR Data of Ester-amido Ligands (6 / ppm)
ligand -COCH(CH,)0O- -NCH,COOH -CONH(CH,)- -NCH,CH,N- -CONHCH,(CH,),CH,NHCO- -CH;
5a 4.03(q, 2H)  3.82(s, 10H) 3.32(s, 4H) 3.03(m, 8H) 0.96(d, 6H)
5b 4.04(q, 2H) 3.70~.95(m, 10H) 3.32(m, 4H) 3.03(m, 8H) 1.16(m, 8H) 0.94(d, 6H)
Sc 4.05(q, 2H)  3.80(s, 8H) 3.30(m, 4H) 3.10(m, 4H) 0.95(d, 6H)
5d 4.03(q, 2H)  3.83(s, 8H) 3.30(m, 4H) 3.05(m, 4H) 1.16(m, 8H) 0.94(d, 6H)
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Table 2 FT-IR and Elementary Analysis Data of Gd() Complexes

FT-IR / em™ elem. anal. meas. (cale.) / %
complex (formula)
VonsV-conn- V_C00R- V.o, Venp Ven, C H N
Gd-5a-4H,0(C,H,N50,,Gd) 3 200~3 600 ~1 740 1593,1408 2981 33.06(32.79) 5.51(5.25) 8.82(8.69)
Gd-5b - 5H,0(CyHsNs0,5Gd) 3 150~3 600 1595,1 407 2 983,2 940 35.67(35.49) 5.72(5.96) 8.04(7.96)
Gd-5¢-4H,0(CsH3sN,0,5Gd) 3 110~3 600 1732 1596,1 406 2972 30.54(30.68) 4.89(5.01) 8.03(7.95)
Gd-5d - 4H,0(C,HN,0,5Gd) 3 200~3 600 1730 1592,1 406 2 980,2 939 34.55(34.73) 5.98(5.70) 7.11(7.36)

# 3 wigEtE T, WK E R T E HHENA M BRIEE R,
Table 3 T, Data and Calculated Relaxavities of Gd(l) Complexes®

complex ¢ / (mmol - L) Tty / ms R, / (mmol™-L-s™) enhancement / %
Gd-5a 1.90 79.1 6.45 129
Gd-5b 1.30 123.2 5.95 119
Gd-5¢ 2.50 56.5 6.93 139
Gd-5d 2.10 70.6 6.56 131
Gd-DTPA® 1.25 151.2 4.99 100

“Tyy = 2.64 s, temperature: 21 °C, frequence: 200 MHz.

"Gd-DTPA was used as reference and enhancement was set to 100 %.
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DX (S B 40 ) K B 10 T (5 SR A g o 18T 1 i
9t Gd-5a 1 J5 2h ¥ I8 Fes TR — Sl 2 80 R 18 T A AL
BT, ARG E R 0~25 min BERIECN (55
SR E B TEFE 25~40 min B [E]BE P LI £ 5 =
3858 g | HOF (8 8 . Gd-5a ik 24 % ,Gd-DTPA 3k
17 %., 40 min 5 IGFEAR, 78 50~60 min B, Gd-5a
Ml GA-DTPA 23 R+ 116 %M 114 %, 45 % 8w,
5 Gd-DTPA #H It ,DTPA Pig-t fz-4L (DI & ¥ Gd-
Sa XF K U X B F 1) T, 15 5 28 B 40 K72 B 1 3
5, JJE R Al BEJE 5 Gd-DTPA A L, Eg-BE e AL &
Yo B W R, I RE LU 22 Ll ) kT 40 i B

Bl 1 4 Gd-5a Hi(a) .74 Gd-5a J5 5 min (b).25 min (c)
H1'55 min (d), — Wistar KX BIEEHAL T AR AZ
X L

Fig.1 MR T)-weighted imaging for the same axial slice of a
Wistar rat (200 g), before the injection (a), and 5 min
(b), 25 min (c) and 55 min (d) after the injection of

contrast agent of Gd-5a
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Synthesis and MRI Relaxation Enhancement of Mono-exter-amido Gadolinium Complexes
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Four new ester-amido ligands were synthesized by esterification of mono-iso-butyl diethylenetriaminepen-

taacetate and mono-iso-butyl ethylenediaminetetraacetate with N,N'-ethylene bis-lactamide and N,N'-1,6-hexam-

ethylenebislactamide, respectively. The corresponding Gd(ll) complexes were made by reacting the ligands with

Gd,0s. All ligands and complexes were characterized by FT-IR, '"H NMR and elemental analysis. The measured

longitudinal relaxivity of these complexes were all higher than that of Gd-DTPA. The investigation on cute toxici-

ty and T\-weighted imaging of complex derived from mono-N,N’'-ethylenebislactamide ester diethlenetriaminepen-

taacetate were performed. No cute toxicity was found. The tested complex exhibited the higher enhancement on

MRI signal intensity in rat liver, comparing with Gd-DTPA.

Keywords: ester-amid

T,-weighted imaging

gadolinium complex

liver-selecting contrast agent relaxivity



