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Abstract: In this study, 9 aztreonam prodrug compounds were designed and synthesized, and their metabolic
stability in plasmas of different species (rat, mouse, dog, monkey and human) were evaluated. Species differences
were observed in aztreonam carboxylates's sensitivity to the plasma esterases among different species, and the
hydrolysis rates of aztreonam carboxylates in rodent plasmas were much higher than in non-rodent plasmas.
Moreover, the hydrolysis rates of aztreonam carboxylates might be positively correlated with the ClogP values in
human plasma. These results provide useful guidance for the further development of monocyclic f lactam prodrugs.
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Figure 1 Structures of compounds 1-5 and aztreonam prodrugs
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Scheme 1 Synthetic route of target compound 8
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Scheme 2 Synthetic route of target compounds 9a-9¢g and 11
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Figure 2 The stability of target aztreonam prodrugs in mouse and rat plasmas
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Table 1 The structures, physical properties and spectra data of target aztreonam prodrugs
o
N|’0>§J\OR
S H
H N>;N HNM";?N( o
’ o (;’/S/\OH
8, 9a-9g, 11
"H NMR 5C NMR HR-ESI-MS (m/z)
. Formula
Compd. R ClogP  mp/"C (600 MHz, DMSO-d,) 0 (151 MHz, DMSO-d,) § Caled.
Found
8 C(CH,), 1.90 188-190 9.26-9.23 (m, 1H), 6.91 (s, 1H), 4.48-4.46 (m, 1H), 171.5,170.0, 161.6, 160.3, [M-H]
3.44 (q,J=17.0 Hz, 1H), 1.45 (d, J= 4.5 Hz, 6H), 1.42  110.7, 82.8, 80.8, 60.4, 56.9, C,H,ON,S,
(d, J=7.0 Hz, 3H), 1.40 (s, 9H). 56.1,27.6 (3), 23.6, 23.6, 18.6, 490.106 1
18.0. 490.106 5.
9a CH, 0.67 162-164 9.36-9.23 (m, 1H), 6.95 (s, 1H), 4.49-4.46 (m, 1H), 173.0, 170.0, 161.6, 160.3, [M-H]
3.72-3.70 (m, 1H), 3.67 (s, 3H), 1.49 (d,/=5.1 Hz,  111.3,82.5, 60.4, 57.0, 56.1, C,H,ON.S,
6H), 1.42 (d, J= 6.2 Hz, 3H). 52.3,23.9,23.8, 18.6, 18.0. 448.059 1
448.059 7.
9b  CH,CH, 120 157-159 9.35-9.29 (m, 1H), 6.90 (s, 1H), 4.50-4.43 (m, 1H),  172.4, 170.0, 161.6, 160.0, [M-H]
4.13(q,J="7.1 Hz, 2H),3.71-3.70 (m, 1H), 1.49 (d,  111.1, 82.4 (2), 60.8, 60.4,57.0,  C,H,O,N.S,
J=4.8Hz, 6H), 1.42 (d, J= 6.2 Hz, 3H), 1.20-1.17 23.7,23.7,18.0, 14.0 (2). 462.074 8
(m, 3H). 462.075 2.
9¢  CH,CH,CH, 173 139-141 9.27(d,J=7.9 Hz, 1H), 6.92 (s, 1H), 4.59-4.32 (m,  173.0, 170.3, 162.1, 160.4, [M-H]
1H), 4.05 (t, J = 6.4 Hz, 2H), 3.74-3.65 (m, 1H), 111.5, 82.89 (2), 66.6, 60.8, C(H,,O,N.S,
1.61-1.56 (m, 2H), 1.49 (d, J= 5.7 Hz, 6H), 1.42 (d,  57.4,24.2,24.2,21.9, 18.5, 476.090 4
J=6.1Hz, 3H), 0.86 (t, /= 7.4 Hz, 3H). 10.6 (2). 476.091 3.
9d  CH,CH,),CH, 225 136-138 9.30-9.26 (m, 1H), 6.91 (s, 1H), 4.49-4.45 (m, 1H), 173.0, 170.3, 162.1, 161.3, [M-H]
4.09 (t,J=6.2 Hz, 2H), 3.72-3.68 (m, 1H), 1.56-1.53  111.8, 82.9 (2), 64.8, 60.8, 57.4, C,H,,ON.S,
(m, 2H), 1.49 (d, J= 5.5 Hz, 7TH), 1.42 (d, J= 6.2 Hz, ~ 30.6,24.2,24.2,19.0 (2), 18.4, 490.106 1
3H), 1.33-1.27 (m, 2H), 0.84 (t, /= 7.4 Hz, 3H). 13.9. 490.106 7.
9e CH,(CH,),CH, 2.78 134-136  9.30-9.24 (m, 1H), 6.90 (s, 1H), 4.50-4.45 (m, 1H), 173.0, 170.0, 162.1, 160.7, [M-H]
4.10-4.06 (m, 2H), 3.74-3.67 (m, 1H), 1.60-1.53 (m,  111.4, 82.9, 65.1, 60.8, 57.4, C,H,ON,S,
2H), 1.48 (d, /= 6.0 Hz, 6H), 1.42 (d, /= 6.2 Hz, 3H), 46.3, 28.2,28.0,24.2,24.2, 504.1217
1.27-1.22 (m, 4H). 22.2,18.5,14.2,9.1. 504.121 4.
9f CH,(CH,),CH, 3.31 131-133  9.30-9.26 (m, 1H), 6.91 (s, 1H), 4.49-4.46 (m, 1H), 173.0, 170.3, 162.1, 160.2, [M-H]
4.08 (t,J = 5.6 Hz, 2H), 3.73-3.69 (m, 1H), 1.57-1.53  111.5,83.0 (2), 65.2, 60.8, 57.4,  C,H,ON.S,
(m, 2H), 1.48 (d, J= 6.1 Hz, 6H), 1.42 (d,J=6.1 Hz, 31.3,31.2,28.5,25.5,24.2, 518.137 4
3H), 1.28-1.25 (m, 2H), 1.22-1.18 (m, 4H), 0.82 (t, 24.1,22.4,18.4,14.3. 518.137 6.
J=6.5Hz, 3H).
9g  CH,(CH),CH, 437 108110 9.33-9.30 (m, 1H), 6.94 (s, 1H), 4.50-4.45 (m, 1H), 173.0, 170.4, 162.1, 160.2, [M-H]
4.10-4.06 (m, 2H), 3.73-3.68 (m, 1H), 1.57-1.53 (m, 111.5, 83.0 (2), 65.2, 60.8, 57.4, C, H,,0,N,S,
2H), 1.49 (d,J = 5.9 Hz, 6H), 1.42 (d, J= 6.2 Hz, 3H), 31.7,29.1,29.1, 28.6, 25.8, 546.168 7
1.27-1.23 (m, 4H), 1.20-1.15 (m, 6H), 0.84 (t, J = 24.2,24.2,22.6,18.4,14.4 (2). 546.169 2.
7.2 Hz, 4H).
11 CH,0COC(CH), 1.79 105-107 9.27-9.09 (m, 1H), 6.97-6.75 (m, 1H), 5.77 (s, 2H), 176.6,171.9,170.0, 162.1, 82.5 [M-H]
4.56-4.38 (m, 1H), 3.71-3.61 (m, 1H), 1.49-1.44 (m,  (2), 80.0, 60.8 (s), 57.3,38.6,  C,H,0,N,S,
6H), 1.41 (d, J = 6.1 Hz, 3H), 1.10 (s, 9H). 26.9 (4),23.9,23.9, 18.5 (2). 548.111 6
548.109 9.
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Table 2 Antibacterial activities of the target aztreonam prodrugs. "MIC was determined by agar dilution; “Escherichia coli; "Klebsiella

. c d . £ . ..
Pneumoniae; ‘Enterobacter cloacae; “Enterobacter aerogenes; ‘Pseudomonas aeruginosa; Acinetobacter baumannii

MIC /pg-mL”
a Kpb c d e f
Compd. EC EC EA PE AB
ATCC 25922 ATCC 700603 ATCC 2146 1715 17°29 ATCC 43560 ATCC 13048 ATCC 27853  ATCC 19606
ESBL(+) NDM-1(+) ESBL(+) ESBL(+)
1 0.125 32 > 64 > 64 > 64 1 0.25 4 16
8 4 > 64 > 64 > 64 > 64 4 8 > 64 > 64
9a 4 > 64 > 64 > 64 > 64 4 32 > 64 64
9b 8 > 64 > 64 > 64 > 64 8 32 > 64 64
9¢ 16 > 64 > 64 > 64 > 64 16 64 > 64 > 64
9d 32 > 64 > 64 > 64 > 64 32 > 64 > 64 > 64
9e 32 > 64 > 64 > 64 > 64 64 > 64 > 64 > 64
of 32 > 64 > 64 > 64 > 64 64 > 64 > 64 > 64
9g 16 > 64 > 64 > 64 > 64 32 > 64 > 64 > 64
11 8 > 64 > 64 > 64 > 64 2 8 64 > 64
Table 3 Hydrolysis rate of aztreonam prodrugs in different plasmas. *Propantheline bromide; "Enalapril maleate salt; ‘Bisacodyl; “Procaine
hydrochlorid
Compd.  Time/min Remaining/% Compd. Time/min Remaining/%
Mouse Rat Dog Monkey Human Mouse Rat Dog Monkey Human
8 0.0 100.0 100.0  100.0 100.0 100.0 9a 0.0 100.0 100.0 100.0 100.0 100.0
10.0 4.9 05 918 91.2 922 10.0 26.0 2.9 84.9 85.6 88.2
30.0 0.0 0.1 97.0 89.2 90.7 30.0 1.6 0.4 87.3 80.6 85.2
60.0 0.0 0.0 75.1 79.4 88.6 60.0 0.3 0.4 76.0 75.5 78.7
120.0 0.0 0.0 723 76.4 74.2 120.0 0.3 0.2 76.9 70.4 71.9
9b 0.0 100.0 100.0  100.0 100.0 100.0 9¢ 0.0 100.0 100.0 100.0 100.0 100.0
10.0 13.4 0.2 90.9 83.3 103.1 10.0 1.6 0.1 77.4 75.1 104.2
30.0 0.3 0.1 88.8 84.1 84.0 30.0 0.0 0.0 71.5 81.4 92.8
60.0 0.0 0.0 78.5 76.4 109.6 60.0 0.0 0.0 732 73.5 85.4
120.0 0.0 0.0 77.6 723 91.3 120.0 0.0 0.0 73.6 66.3 80.4
9d 0.0 100.0 100.0  100.0 100.0 100.0 9e 0.0 100.0 100.0 100.0 100.0 100.0
10.0 2.1 0.1 92.0 93.1 98.0 10.0 1.2 0.1 84.8 83.2 87.8
30.0 0.0 0.0 89.8 91.5 85.9 30.0 0.0 0.1 81.2 80.3 83.5
60.0 0.0 0.0 80.1 79.0 96.6 60.0 0.0 0.0 75.4 723 79.1
120.0 0.0 0.0 77.6 71.1 68.5 120.0 0.0 0.0 65.3 62.9 54.4
9f 0.0 100 100.0  100.0 100.0 100.0 9g 0.0 100.0 100.0 100.0 100.0 100.0
10.0 1.6 0.1 83.0 91.1 84.9 10.0 9.0 0.0 87.0 84.9 80.8
30.0 0.0 0.0 926 91.1 83.5 30.0 0.1 0.0 94.5 98.1 72.8
60.0 0.0 0.0 758 80.0 66.6 60.0 0.0 0.0 92.1 79.9 66.7
120.0 0.0 0.0 839 78.2 52.4 120.0 0.0 0.0 85.9 68.1 442
1 0.0 100.0 100.0  100.0 100.0 100.0 Control 0.0 100.0° 100.0°  100.0° 100.0* 100.0°
10.0 0.0 0.0 94.1 733 84.3 10.0 86.6" 62.5° 46.6° 39.8¢ 63.7°
30.0 0.0 0.0 88.1 44.7 70.8 30.0 55.8" 24.3° 4.1° 6.4 28.3"
60.0 0.0 0.0 89.5 12.7 47.1 60.0 31.5° 4.1° 0.1° 0.5 7.0
120.0 0.0 0.0 70.7 0.7 16.5 120.0 13.1° 0.1° 0.0° 0.0 0.3

IKAAZR 53 53 8 55.8%31.9% F1 14.1%.
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Figure 3 The stability of target aztreonam prodrugs in dog, monkey and human plasmas
Table 4 Cytotoxicity of the target compounds _ 1007
e »—El - of
Compd. CC,/mmol-L° g o
Vero cell 293T cell HepG 2 &
1 > 0.40 > 0.40 >0.32 8 50
8 >2.0 12405 >0.32 g
=
9a >2.0 >2.0 >0.32 §
9b >2.0 >2.0 >0.32 3
0 T T 1
9c >2.0 >2.0 >0.32 p T A s
9d >2.0 14+04 >0.32 Time / h
9e =20 1304 >0.32 Figure 4 Plasma concentration of aztreonam after dosing of
9f >2.0 0.75+0.14 >0.32
9g 0.61%0.26 0.32 % 0.04 >0.32 prodrugs 9f and 9g
11 > 0.40 >0.40 >0.32
Table 5 Pharmacokinetics of aztreonam prodrugs. The data listed
i 1 e g, h RiZs 9g 9o 2H e TR i FE 1 B in this table was referred to aztreonam

7 ML 245 9K 5 N 96.3 ng-mL, 9K 5 -1 Ja) il 28 R 1 AR
(AUC,,,) 364 ng-h-mL", B & &5 T of, [AI B} 9g 2 &
iR A (¢, TR O A B AR T, Fon LA AH
Xof A5 v P T AR AL, 3K — &5 S 5 AR X L= ¥ ClogP
TEAHVCHD . 24 il 76 i 32l & B, BL 500 mg 71
B D RG Z5Z M EAL IR 16 h NI AUC,
N 0.45 pg-h-mL", 3O AR 2E P R H BN 29 0.55%1,
BIRAE Y 9g 1) 1R Z54R8)) ) 2 10 ot v AN BEAR, (H B
Fo 45 Rt FL T DABE Iz h g 16 2 IR, R,
ok AR R N ) 5 R R v e ot R ) R 2 AR
YRS AR PR FH BE 1) SRR 2 TAT 1
5702 M mE 1 BER A B 51N B 2 M4 L, 7R
ZAM R IR T bS] RIS E A G RO B2 W Y AR, W]
EPESE . Ak, Gordon ZEVMXNAR 7 4 Hh i itk R 15 Ry

PK parameter 9f (po) 9¢g (po)
C, /ogmL' 29.7 £ 145 96.3+42.4
t./h 2.00 % 0.00 1.00 %+ 0.00
t,,/h 2.21 2.76 +1.78
AUC,,, /ng-h'mL" 89.7+31.1 326+ 84
AUC,, /ng-h-mL" 88.5 364 + 109
MRT,, /h 2.42+0.54 331+ 1.44
MRT, /h 3.65 445231

2) 54 B —IRIR R G CES1 /KM RIS 0L, A N B4 I

WA R E M AN BT . AT R BRI T 254k A 9g
ENILEE A 2 h PR 7K AR RN 55.8%, I R KRR M
AR e A 26 10 A T 25 8, oKl R AR & BEVE R .
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WEHE S ST T RN EEZARSBWNE . 45
SRR, 2 i R R R I R AL 5 P Al 1) SR A A A
Z2 5, FLAE /DN B OR B I v ) A 3 B v TR
TeAnN, HAE N IR P9 1) i R 5 3 Clog P {EL T fE
EIEM K. BB L RIETR, £ AT S5
T F& 258 71 A VRO I, W) RE 7R 278 70 7% RE B s 2=
SR H 2 AR B AL A S o AT U R IA B A I
PUERMARIT R SRR A —E NS HhE.

SLIGER S
1 KEEMK

J4 15U CXM-300 ZHS %5 065 s SO €, I B2 AR 1E
IR E G ARR 1 73 3 K ) Varian Mercury Plus 400
(600 MHz) 1 Bruker Avance III 500 (151 MHz) #% #i 3t
PRI 5E , %5 71135 5 DMSO-d,, TMS 4 P 4% ; HR-MS
F AutospecUltima-TOF Jii it I 72 4 Ml 5€ ; Flash £ 43
2 4l 4k Fil Combiflash Rf200 B il 5% A ; 5% e 6
F ZF-20D & 58 258 A0 0 A )2 61 (TLC) SR H
E-Merck 2 =] i ik R 45 965 . B F AN Acros 22
F R E] R oy Mt A A 2 A R
1.1 SHEMTE 8) =T, (2)-2-[(2-Z F
M4 5 ) (O JF: M e -2 - R i i L ) T Y g 6 A k] -2-
H L TN R AL T B (6, 0.50 g, 1.5 mmol) ¥ T /b & 1
DMF (5 mL) /1, #& %X i\ TEA (0.32 g, 3.15 mmol).
trans-3(S)- 2 K -4- H 3 2- A -1- B A0 T e S 1 R
(7, 0.38 g, 2.1 mmol). DIC (0.28 g, 2.25 mmol). HOBT
(0.30 g, 2.25 mmol) LA }2 DMAP (0.018 g, 0.15 mmol),
4k 2 )2 18 h, TLC Al R B 56 4o /b &= kIR 514k
B, UL I T/ 20 B8 26 A — G0 e/ I Dl 9 3 A
1525 g FE AT | #EAT Flash 20 B 4tk . B dic 82 5 i) 4
PV T Ol (2 mL), FH R/ LWV W0 pHAB %2 2.5~
3.0, -20 °C N & 48 h, M IE1S 2] 2 A [ 14 8 (0.2 g,
27%).
1.2 SHEEAEE 92 =EF, B #0500 g,
1.15 mmol) % T H /B (15 mL) #, Z J5 KX\ TEA
(0.15 g, 1.48 mmol), DIC (0.19 g, 1.5 mmol) L &
DMAP (0.004 g, 0.033 mmol), 4k 2 i 48 h, TLC &l
KON 5E4 . RN F LR £ VA 0K SN AA &R pH
#2.5~3.0, 7 T-20 °C F 7 ih 48 ho HHIE, #1453 21
[ A 7E =5 D & 1 DMSO (2 mL) ¥, Z J5 A
2510 (5 R FRL 0 2 (20 mL), {43720 °CF7 i 48 h,
JETF B A lE 4 9a (0.13 g, 25%).
1.3 SHhEchs 9p) LA Eg R LA ER, CREfE
NI BT, 2 AL A Y 9a 1 4% J7 ik, 15 31 B A fE
14 9b (0.15 g, 28%).

1.4 SMEERRL 9 =i, B 0.65g,
1.5 mmol) ¥ T IE W B (15 mL) #, Z J5 K & A
DIEA (0.37 g, 2.9 mmol).EDCI (0.33 g, 1.7 mmol) PL K&
HOBT (0.23 g, 1.7 mmol), 4k % )z 7 48 h, TLC ¥l )2
PESEAT . N/ ERERS SIALHRE S, DAoA JH B/ £ TR T AN
TR N IR BN ARTE 12 g BER AT HEAT Flash 73 2
aifh. IR B A 73 T 208K 2 mL), H ik
PR A pH fH 22 2.0, €43 9% B € [ 44, ¥ P (10 mL)
K143 B4 9¢ (0.10 g, 14%).
1.5 SMFEIETES 9d) UEhir &G ER, ET
REAE N B, 2 A& 20 9¢ 1l 4 7%, 15381 E
& A 9d (0.16 g, 22%).
1.6 SEHFIIEIRES (9e) VAR Mim ARG ERL, EK
BEAE N B, 2 BB A& 20 9¢ B 4 71k, 1531 E
B E K 9e (0.21 g, 28%).
1.7 =EhEEECHE O Dlailhim AR ER, EC
REAE R BN, 2 AL P 9¢ Il 45 7 1%, 1381 3
@ [E 44 9F (0.12 g, 15%).
1.8 SEFIEERS 9g) VAR M ARG ER, ¥
REAE N R BN, 2 AL D0 9¢ Il 45 J7 1%, 1581 3
& 14 9g (0.14 g, 17%).
1.9 SHEBREERE 1) =& F, ERiE (.0g,
2.3 mmol) ¥ T DMF (10 mL) 47, 2 J5 I N Rr IR R &
e (10, 0.7 g, 4.6 mmol) LA BRFRER (0.6 g, 4.6 mmol),
FEIR TN AREL RS 6 h, TLC KM R B 5 4% o i/ B RE AR
SIALKRE &, DA b/ 2R 20 T8 A & FR e/ R I R IR
ARAE 25 g BERE A 34T Flash 20 B 4lifh . Kl E
H A28 73 F 78 187K (4 mL) ¥ fil, F FH A% 32 8 U pH
2.0, B IR B A E A, A TAE (15 mL) K 15 E
B EA 11 (0.1 g, 8%).
2 EUEMRINE

AT 7T $4 8 CLSI/NCCLS b, 5K F P L B flig —
% ¥ B 2 ) Denlay 2 ri 4% F 2% (multipoint inoculator
A400) FE AT $0 B8 v PRI e R g, A KBRS R R
(Mueller-Hinton agar) A A JiKi 0o ¥2 V4™ 39 6l 46 1T Pk
AHIF 7 FH B B AR SRR T ATCC A B A [ B B i IR 43
B A T R R, LD B O B PR XS B2 . K 2 K
iR % B TR V2 B RE R 1281.64.32.16.8.4.2.1.0.5,
0.25.0.125.0.06 A10.03 pg-mL" 254 &, 73 51l B T 1L
W SEMH IR IR R, F e K FL N &
R 25 dn )~ LN, 750 TR ) . SRR AR M S,
T35 °CHEIRREF7 18 h, WA R MR A KA O, ToR AR K
ST LA B 25 R B 2 A5 P SR AR A B R B2 (MIIC) o
3 pEFEMNE

K H CCK8 34T . B $2E KW 4 e, i 4k Je



FRAIESE: HAIR BN BERZ A FK A R T 25 BB A R 2B D) At g - 3111 -

T K AR Rl T 96 FLES FEM . 1% 37 3L B 15 0 B
Ji, TG 375 55 TR M B 245 40, FH A B 1o 38 T 24 4 Ak B2
Y. 72 hJE, ERREEFRUE, TN 10 65868 1) CCK8 ik
#1100 pL, 37 °CHRAH I B 2~3 h )5, 2% 3 min B2,
FH B A7 0 72 450 nm W (A). 4HIRAFE R % =
OINZGAME A - AR A) / GFRRAIIE A - A A)*x100%.
BRI A 3 AN FAT S35 48, 22 ) ih 2%
4 [M3RESERAMTRE M E

SO AT, A R S I I 3R BT 37 °C K i
o IMZELL4 000 r'min' &0 5 min, £ BB .
P B H pH R 7.4 £ 0.1, K2 uL 945
T 254G 1) B 14 6T FE 03 W (100 pmol-L7) IIA 2
98 pL 2= [ LK H, 37 °CAKIBIFH o TEREANT 8] 55 (0
103060 F1 120 min) 73 5 1A 400 pL (1) Je B H 1k i
(200 ng-mL™" FFHE 52 A1 200 ng-mL™" $37 D1 IR 2 Ji5 V)
IR IR E LATIESE A, £ L4 000 rmin” B0 15 min.
B4 B _E S W 50 uL 5 100 pL # 4l K E 4, 800 r-min”
20> 10 min, #8547 LC-MS/MS 43 #7
5 HREIHOFEMNE

Y Sese i 2 B R 2 R A IR A ] 1)
SEUO BN B D1 o L AE, S0 AR R AN B2 56 0 FE A
AAALAC FLJE (5258 = 39 1) 37 4 RS H A 1) o
B 6 W fR B 1 SD KRR (200 £ 10 g), BEAHL N 2 41,
I3 A RS T 25 mg-kg ! (IR T 254059 9f i1 9g .
FASFI I E] 55 (040.25.0.5.1.0.2.0.4.0.8.0 A1 12 h) %
A MLFE &, 20 B LK, 2LV FIALEE )5 R A LC-MS/
MS &, 23 il 5E T RR ALK BRI e = mE R B A
F Phoenix WinNonlin 6.3 4 1% FR JE b5 ST 1H 5. 24
RENJIFSH BRAE S IR, 2R i e G B
F-20 °CUKHH1RAF

DAl A B N DY SR
T Hy A [ PR 22 R A B s 24 AR 0 AR 5 i 23 A e )
SE, I T A e R AR P 2R3 ) PN 4R il E
HH R4 24 A BR 2 =15 -

{EE STRK: #0350 ST A H AR B G B SCHR B 38

SRR RS SR AN R BR 9 B4k S P 4 R
SE 5 J I S ST A BB R B RE s R R S A o
L 1) e 18 SCER IR T m R T AL S
R TR E A TAR IR T B R &30 RF . DL EARH
By Cm PR I R R SR

TR P & 275 WA AEAE R 2 o 5%
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