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Synthesis of N-4-Pyridyl Amide Derivatives of N-Diisopropyl-
oxyphosphoryl Amino Acids and Antidotal Activity of
Tetrodotoxin (TTX)

Fang, Hua Chen, Weizhu Hong, Bihong Zhang, Yiping Yi, Ruizao™
(The Third Institute of Oceanography of the State Oceanic Administration, Xiamen 361005)

Abstract Some novel 4-aminopyridine derivatives of the title compounds containing the unit of N-diisopropyloxyphosphoryl
amino acids were synthesized. Their structures were confirmed by IR, '"H NMR, *C NMR, and mass spectra. In the present
work, a group of 4-aminopyridine derivatives were synthesized in order to find novel structure with higher antagonize effects
and lower toxity. On the other hand, their fragmentation behaviors were investigated by positive ion electrospray ionization
mass spectrometry in conjunction with tandem mass spectrometry. The preliminary bioassay results showed that chemical

modification of 4-aminopyridine possessed stronger bioactivity of antidote tetrodotoxin intoxication.
Keywork 4-aminopyridine (4-AP); tetrodotoxin (TTX); ESI-MS/MS; antidote
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BEmE, 10 A B 3L IR JE (0 25 ) ANME A R AT
EMIRHBEEAL, I BERR T 2980053 T RS KR
FERPEREY, L, AR A -5 P Sl I A e
RS RHALEY) 4-AP S, BT — &RV N-—5

SR Z IR IR-N-4- I T 2B A1~ AS, #3845
FIB 7Y 1) LA S S AR AR DA RS RIE ) 4-2
SR b &Y, HARS sl Eq. 1. @i IR,
Wb OGS o H AR BEAT T 78 I RALE, JF
FIH 2 5% T A1~AS A B F1 ESI-MS/MS

AR
A
| PhsP, C;Clg

0—P=00
AQHr\llJL NEt;, 0°C, 24 h
" “OH
§1

i

0, HN—P—O

NC\>—N?-|_<R1 lOY W

A1~AS

4
NC\>—NH2 +

R' = CH; (A1), CH,CH(CHs), (A2), CH(CH3)CH,CH; (A3),
CH(CHz3), (A4), CH,Ph (AS5)

1 KWES
1.1 NE5RF

Yanaco Tl AU, L UF E 0 R IE; Bruker
VERTEX-70 £ZL4MGEAX, 468 fr; Varian 400 MHz
LSRR, CDCly A% 7, TMS A W #H5; Bruker
ESQSUIRE-3000 & -+ B 24 Jit 3% {% ; Waters Micro-
mass-LCT Premier B[R] K47 JRiE{X.

AT P05 AT AR, DUSE 4 )
BT, LR SR o s A B at, A
it — i b Ab .

1.2 H[E{K DIPP-AA BY& X

N-"- S P EEBEBAL LR (DIPP-A AR 4 STk & i,
2 FTAR = ) 2 AR R SRR E — o,
1.3 BfrLEW A1~A5 IE K

50 mL % AR B HFRI PhyP (039 g, 1.50
mmol)Fl C,Clg (0.39 g, 1.65 mmol), I THEALEERL K
15 mL & e, 7EVKERS 0~5 “C 44 1 W 30 min,
FEA. £5—4 50 mL BEJEFEMB PRI 1 mmol
DiPP-AA F1 1 mmol 4-AP (94 mg)fii A 15 mL VUM
(THF), [AIEAN=Z[%0.6 mL)ik'e 15 4w, #
THF %9002 12 5 2 Fi& PhsP F1 C,Clg I & WV
28 KRR AR, RN 24 h RNIRLEEHOR,
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RS R 1 8 RN P N A 7] S S 1 22511 DI TN
30 mL /K, ZMRZBEFHC IR, AN TEK MgSO, T
PR 4~5 h, LU, BRI B, R AR ZAT,
RI1S 4.

N-Z 0 N SRR IR AL N 2R -N-4- 2 JE L E (A1):
[, 723 74%. m.p. 117.8~119.5 C; "H NMR (CDCl;,
400 MHz) 6: 10.14 (br, 1H, NH), 8.47 (d, J=6 Hz, 2H,
PyH), 7.61 (d, J=6 Hz, 2H, PyH), 4.61~4.58 (m, 2H,
20CH(CH3),), 4.09~4.06 (m, 1H, CH), 3.96 (br, 1H,
NH), 1.49 (t, J=4 Hz, 3H, CHs), 1.33~1.31 (m, 12H,
20CH(CHj;),); *C NMR (CDCl;, 100 MHz) d: 173.1 (C=
0), 150.5, 145.9, 113.6, 110.1 (Py), 71.7 (OCH(CH,),),
71.5 (OCH(CHs),), 51.9 (CH), 24.0 (OCH(CHs),), 20.9
(CH3); IR (KBr) v: 3310 (N—H), 2979, 1703 (C=0),
1595, 1524 (5444 5h), 1221  (P=0), 998, 837
(P—O—C) cm™'; *'P NMR (CDCl;, 160 MHz) J: 4.92;
MS m/z: 330 [M+H]", 352 [M+Na]", 189, 301; HRMS
(TOF-MS) caled for [C14H,4N;04P+H]" 330.1577, found
330.1574.

N- 5 N SE R R AL S A R -N-4- 2 SR (A2): (A
WA, 77% 63%. m.p. 198.2~200.4 °C; "H NMR (CDCl;,
400 MHz) d: 10.04 (br, 1H, NH), 8.49 (d, J=5 Hz, 2H,
PyH), 7.63 (d, J=5 Hz, 2H, PyH), 4.55~4.63 (m, 2H,
20CH(CHj3),), 3.90~3.95 (m, 2H, NH, CHCH,), 1.78~
1.82 (m, 1H, CHCH,Hy), 1.68~1.69 (m, 1H, CHCH,H,),
1.58~1.61 (m, 1H, CH(CH;),), 1.27~1.33 (m, 12H,
20CH(CHj;),), 0.93~0.96 (m, 6H, CH(CHj3),); *C NMR
(CDCls, 100 MHz) 0: 173.4 (C=0), 150.5, 145.6, 113.7
(Py), 72.1 (OCH(CHs),), 71.9 (OCH(CH;),), 55.3
(NHCH), 434 (CH,CH), 24.7 (CH(CH),), 23.8
(OCH(CHs;),), 21.9 (CH(CHs),); IR (KBr) v: 3264 (N—
H), 2977, 1690 (C=0), 1594, 1531 (F5 I 444 5h), 1222
(P=0), 990, 835 (P—O—C) cm'; *'P NMR (CDCl;, 160
MHz) 6: 4.92; MS m/z: 372 [M+H]", 394 [M-+Na]’,
205, 239; HRMS (TOF-MS) calcd for [C,7H3N;0,P+H]"
372.2047, found 372.2062.

N-"" N BE B IR AL e 8 2 R -N-4- 2RI IE (A3): 1
Ak, 2% 72%. mp. 195.7~198.1 ‘C; 'H NMR
(CDCls, 400 MHz) §: 10.08 (br, 1H, NH), 8.47 (d, J=5
Hz, 2H, PyH), 7.63 (d, J=5 Hz, 2H, PyH), 4.52~4.62 (m,
2H, 20CH(CHj,),), 4.00 (br, 1H, NH), 3.73~3.78 (m, 1H,
CHNH), 1.83~1.85 (m, 1H, CH,H,CH3), 1.68~1.70 (m,
1H, CH,H,CH3), 1.15~1.19 (m, 1H, CHCH3), 1.27~1.32
(m, 12H, 20CH(CHs),), 0.97~0.98 (m, 3H, CHCHj,),
0.91~0.88 (m, 3H, CH,CH;3); “C NMR (CDCl;, 100
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MHz) d: 172.8 (C=0), 150.4, 145.6, 113.8, (Py), 72.0
(OCH(CH3),), 71.6 (OCH(CHj),), 61.5 (CH), 38.7
(CHCH;), 24.8 (CH,CH;), 23.7 (OCH(CHj),), 15.5
(CHCH3), 11.2 (CH,CHj); IR (KBr) v: 3256 (N—H),
2979, 1686 (C=0), 1595, 1534 (5 4E4RE), 1224
(P=0), 998, 832 (P—O—C) cm'; *'P NMR (CDCl;, 160
MHz) J: 4.97; MS m/z 372 [M+H]', 394 [M-+Na],
239, 301; HRMS (TOF-MS) calcd for [C,7H;;N;O,P-+H]"
372.2047, found 372.2047.

N-"" 5 P A R4 0 2 PR -N-4- 2 SR IE (Ad): I £
AR, 7% 65%. m.p. 177.6~182.0 ‘C; 'H NMR (400
MHz, CDCl3) §: 10.32 (br, 1H, NH), 8.47 (d, /=5 Hz, 2H,
PyH), 7.69 (d, J=5 Hz, 2H, PyH), 4.52~4.62 (m, 2H,
20CH(CH3),), 4.02~4.04 (m, 1H, CHNH), 3.69~3.74
(m, 1H, CHNH), 2.05~2.13 (m, 1H, CH(CH3),), 1.21~
1.34 (m, 12H, 20CH(CH,),), 1.03 ~ 1.01 (m, 6H,
CH(CHa),); *C NMR (100 MHz, CDCl;) 6: 173.0 (C=0),
149.6, 1418, 1139 (Py), 71.9 (OCH(CHs),), 71.7
(OCH(CH3),), 624 (CH), 32.0 (CH(CHs),), 23.76
(OCH(CHs),), 19.37 CH(CHj),, 18.19 (CH(CH;),); IR
(KBr) v: 3260 (N—H), 2979, 1688 (C=0), 1594, 1535
(5 B 4495 5)), 1224 (P=0), 999, 831 (P—O0—C)
cm '; *'P NMR (CDCls, 160 MHz) 6: 3.49; MS m/z: 358
[M+H]", 380 [M+Na]", 301; HRMS (TOF-MS) calcd
for [C1sH,sN;04P+H]" 358.1890, found 358.1898.

N-"" 5 P R I A R TN 2 R -N-4- 2 JE L IE (AS):
A, 5% 70%. mp. 197.9~201.1 ‘C; 'H NMR
(CDCls, 400 MHz) : 9.40 (br, 1H, NH), 8.47 (d, J=5 Hz,
2H, PyH), 7.50 (d, J=5 Hz, 2H, PyH), 7.17~7.30 (m, 5H,
ArH), 4.41~4.50 (m, 2H, 20CH(CH,),), 4.14~4.20 (m,
1H, CH), 3.12~3.18 (m, 2H, CH,), 1.78 (br, 1H, NH),
1.16~1.31 (m, 12H, 20CH(CH3),); *C NMR (CDCl,,
100 MHz), J: 171.8 (C=0), 150.7, 144.9, 113.6 (Py),
136.2, 129.5, 128.8, 127.2 (Ar), 72.1 (OCH(CHs),), 72.0
(OCH(CH3),), 57.6 (CH), 394 (CHCH,), 23.7
(OCH(CHa),); IR (KBr) v: 3273 (N—H), 2980, 1691 (C=
0), 1596, 1535 (5 4e4R3h), 1224 (P=0), 991, 836
(P—O—C) cm'; *'P NMR (CDCls, 160 MHz) §: 5.29;
MS m/z: 406 [M+H]", 428 [M+Na]", 301, 189; HRMS
(TOF-MS) calced for [C,0H,sN304P+H]" 406.1890, found
406.1899.

1.4 3 TTX BEFEEMNERE

TTX 7 2 FU 555 25 v e AT F E Lo B .
VESTH TTX %S A TTX (1 pg/mL in 0.03%
LR ASEES = ) EC A . TTX 5 2% 45 257 52
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0.45 pg/mL(E TS 0.5 mL). 4-AP LUK BT & 1t &
Y1 A1~AS fREFFIFI RS 0.03 mg/mL(EEEES 0.5
mL). FHIRPSEIG /N N TR 22 B 2 B ', B
MOCHETT AT B RV 2 R 1 L
2 #ZR51He
2.1 HEMAR B L SRS X

N- 5 P SE R IEAG Z SE R (DIPP-A A R STHER& B, il
% BT A PR ) B AR T ks — B
PhsP Fil CoCls RV “IN3H AR 467, s sk
Hil25 H AR, T8 A0 e RN, IKER
(KU S B I Pl AE 0~5 °C, IR, A2 it 4 45 70 4
CH,Cl, PR EAZIREF, 1 mmol (KR NHIFIMA 10
mL CH,CL %7, RNHEA /2 E M, W% CHLCl, %
FID, B E R 466 R 2 LUEMATE b H, A
AT N0 E M. 5348, BT 4-AP 7E CH,Cly,
CH;CN LA K 1,4- AN s il B AR /D, (8 By
FI SN AN G HEAT, TiAE THFE W v i s s, 3-Ailik
& THF 4 OIS, OV RE 224 3 equiv.ff) HCI
=4, s N A R R (A A T HCL 2 e
B G b ) e S D) W, i B0 A A EL =4, B LA,
SEEG AR N M 3.5 equiv. FIZEIRT EtN, 1k
PR PR R, DUIRE S T A 1 = 1 A .
22 BiREYRIEHRIE

FEIR B, HASL &Y A1~ AS L0516 AE
1686~1703 cm ' A3 5 (19 W i, 2 B 356 PO AV 45 9 50
WU 7E 3310~3256 cm™ ' AT IR IAL, 2 Tk M e (1
N—H W44k s Rl g; thAWAE 1594~1596 (s)Fl
1524~1535 em™ " (s)f3 SIRIL, A2 05 FRBR B M F 4R 5
WU (v 56); 7E 1221~1224 cm™ ' ()4 SR, 4
XA AR E I I (vp-0); 7E 991~999 em ™' (s)F 3
(IR WU, S P—O—C IR SIS (ve— o).
X R X LAY LA 5 I B, XA W
WA . SR

T 1IILA Y A1~ AS JNEES T 10 LS 25 22 27 5kt
TR R B SRR JE. SHMLA ) N- S N SERE EA 2
FEIR-N-4-Z FEMEWE T AR W) I B2 1 AT Wi & i
AL EILL N WA AT a BFM—42] ((M—
CsHel"), b B F[M—122]" ([M—NCsH,;NHCHO]"), ¢ &
FIM—164]"F1 d BT [M—206]" (IM—C,H;sN,O]"). a
W B AR TR E R PR L — 2 IR
FIIM—C3He] M Fl%, b A e C—C(IRIEANIE
T J5 1) Bt A A Wi 2R 2 2 — 43 T R R o) 1 S 1S
Ff) 2 T I [M —NCsH,NHCHO] . 2 T 3E— 40T ¢
T I5> T 450, 7 D030 — R e s = %ol 1
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it UMLEY) A3 i it 4-Z ke T AR &
VIR, X A3 (W3 7 B T m/z=372/F )i
TR mz=330 (a B F[M—42]"), 250 (b &1
[M—122]"), 208 (c & F[M—164]")#1 166 (d & F[M—
2061 HIFE T B T8, a BT m/z=330 ERE TR L —
O3 T I R 0, S e A — RS 2 T 45 B R
=TS NEVBREE BN ¢ ST miz=
208, [Alit, b 81 m/z=250 & REE T 2 — 4 FHLnE
[ i a0 Y SR D Rt  J IR AR Y & K SUN
W PRGN R BT miz=208 I d R & T
m/z=166. WEIGHIE ¢ 1 HITER B FHE m/z=208,
(R EATHTR IR B F 4R 58 A — . A N-— %
SRR E IR -N-4-F IR R 2B AE ESI-MS/MS Jiit
AR IS A3 AR, 12 V-
SR E IR R -N-4- IR T 2B A1~ AS & T
IESS I BeErI=y I}
23 HBHERUESYREMEMSE

T A A AT T TTX a0 R g s
PEWTSY, ISR S 4-AP HIETEREAT T ELER. %
PESEEG IS AR, DAV BRI RN (KM B/ BRS04,
¥ 42 H18~22 g KM /MR 7 4, gl 6 R 1A
MR, 2~7 AUANRRERISERAL). RN R
HOIE R S BUE R TTX #2045 pg/mL, MEHEH S
0.5 mL), {EMEMEE e TTX B &G, sy
FIEEES 4-AP DU TE G A1~AS (0.03
mg/mL, NS 0.5 mL)ffd3 AT aE sL 58, % Ehy
kA ER e e I F N LA IR Y R - S o N W NG SR 2B
PR, 2/ BRIE AR I AR A R, SE T
SomFNAE, PR, B VPR R AT T, ISR ]
A Ay 35 P 3 PR A AR

M1 PTDU B, B A AR 1 28 o R
AN R ARG IS ) LU (581 £61) s. T AR5 71 S 86 24 /)N B
S BEHALEY) 4-AP fEFER)(0.03 mg/mL, JEIEES 0.5
mL) A%, SEEG /IS BRI A3 1 TR0 A 1) 28 ) 388 o, ok )
T(948+61) s, UtH] 4-ZFENEmE A S0 TTX HEEK/

L 1.

|

0 +H2N—ﬁ—0 122 |

S O
N@NH R O NCsHNHCHO VRO
— - =1 ©
) M-1227*
-42J P
-421 S
)\O
[ OH

Il "HN—P—0

7 N\ § /\1 o) 7l
N NH R , O
— R

.
(M-42] [M-164]"
l-DiPP _42j A
o R

Y OH
7N\ . \

N NH  NH3 "HN—P—OH

— &l
M-164]" R' O
[M-206]"

B 1 15 A1~AS A F 1 ESI-MS/MS IS 2 8=
K

Figure 1 Fragmentation pattern obtained from the product ion
scan of the protonated molecules from compounds A1~AS

A — R A I TLAF TS I ] (1 Th 2L

MBI R PT A AL S A1~ AS [WR 752
B, RBUMERERS b4 N E LB E A Y
A1~ A5 X TTX Hhag/N BRUASE A AR RE R E L, 3L
L AL ARG D8 i, R P g ) e A7 I (]
IKF) 2 52 (AT (1168 £ 186) s, & A — H/NR%
[T, WEZER p<0.05=, LI M5z HiE 780
BRI B W) 4-AP 285 4-07 28 S IR BE A0 A 1 i (1) A
B REIEK g B A7 TS ().

AL G R ESEI b, FRATTBETE LSR5, Seae /I
BUE T SUPEE TTX (0.15 pg/mL, 0.5 mLWE R, fEE
WS 4-AP (0.06 mg/mL, 0.5 mL)FI& I A1 (0.06

R REALEY AL~AS X EOLHE TTX AR TR /AN B I 1] 1 L (s)
Table 2 Comparison of survival time (s) of compounds A1~ AS5 on lethal dose of TTX

No. TTX 4-AP Al A2 A3 A4 AS

1 840 988 648 529 629 718 739

2 681 960 1296 655 1143 1050 1042

3 501 898 930 903 785 980 635

4 422 976 1209 1012 1003 848 812

5 555 1008 1757 529 886 1052 858

6 527 860 00 871 1309 817 871
N 581+61 948 +23 11684186 794+ 88 9544108 991+58 783143
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R ER

mg/mL, 0.5 mL), MEE/NURIZETN H]. SEg6 45 R R W],
LA E R TTX fEH N, BEES 4-AP (0.06
mg/mL, 0.5 mL)#)/N i, HAET#IAF] 67% (6 HSLZH /)
RAE 60 min RIS L 4 FURNRIIIETY), UEWIIAH]
—ERIEN] 4-AP BAM MR EEE, FEL B
EW AL EFRFERIR TTX N3 AT/, B
BRI 1 4-S R me 17 A2 40 75 Pk 3R L BRAA 45 1 1 253 1k
TRET.

3 it

ATCLL - wE g JsUR}, XL 4 (L B AT 145
FEtesis, Bvtame T 5 A% TTX A IR ILARiE
(¥ 4-AP BHEATAED), EANNEHIER IR Bl ik
NPT HEAT T S I ARAL, BRAE T S5k [, 4
AW T e TTX APap D BRI TE, kg R
IR, 4-AP BT AN TTX hag/ N RIA A FFEE
RE R AAF I B, #AT—SE MRREE TE, o H2eid 45
(CHIRINRASE7/E 1
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