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Caracteristicas de algums elementos ativos em RMN
(e as dificuldades em se obter os espectros de RMN de 13C)

Isotope vy (relative) resonance fre- natural relative
quency at 11.7 T abundance sensifivity ™

'H 100 500 MHz 99.98 % 1

e 25 125 MHz 1.1 % 10~
"N -10 50 MHz 0.37 % 107
Pr 94 455 MHz 100 % 0.8
¥ 20 99 MHz 4.7 % 10~
*Ip 40 203 MHz 100 % 0.07

¢ also taking into account typical linewidths and relaxation rates



Principais informacoes obtidas de
um espectro de RMN de 3C NMR

1) Posicéo de absorcéo (deslocamento quimico em & - ppm);

2) Tipos de carbonos (CH3, CH,, CH, C):
(APT, DEPT, Ed-HSQC);

3) Proporcao de carbonos (quase nao se usa);

4) Podem ser 2D [COSY (H acoplados);
HSQC (C-H diretamente ligados;
HMBC (C-H a 2-4 ligacoes);

NOESY e outras]



Faixas de deslocamentos quimicos em RMN de 13C

_ C=0 hldehydﬁ and |ketones
[ g=0 Carboxylig acids
[ ] |c=0 Amides jand esters
C Aromatics
=C=C Alkenesg
[ CE=N Nitriles
Alkynes C=C [N TMS
Alcohols, gsters, ethers |C-O

ines, amides| C-N
Alkyl halides | C-Hal

Alkanes C-C
250 200 150 100 20 0
e Nucleos
] bu|'C 303 < blindados
esblindados Densidade de elétrons sobre ntcleos de 13C  (protegidos)

(desprotegidos)



Tipos de espectros de RMN de 13C

(espectros mais comuns)

PND (or BBD): proton noise decoupled
or broad band decoupled spectra

Nao ha acoplamentos entre entre 13C e 'H e
cada carbono (C, CH, CH; e CH,)
Se apresenta como um singleto



NuUmero de sinais em RMN de 13C

Acetato de metila _
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Espectro de RMN de 13C do propanol

a. 1-Propanol

CH4CH,CH,OH Ca
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Espectros de RMN de 'H e *C do ciclohexano?

Image adapted from
https://sdbs.db.aist.go.jp

1.43 ppm
14 proton shift ppm
RMN d e 1H The 1H NMR spectrum of cyclohexane
o, o
2 2
l[\ CH2 |'3H2 0.00
NH ,2 T
E chair conformation M
“z" S
E All the hydrogen atoms are equivalent and occupy the same
- chemical environment, so there is only one spectral ine.
H-1 NMR chemical shift ppm ‘
! I ! | ' [ ' | ! I ! | ! | ' [ ! [ ! I
10 38 3 7 S b} = 3 2 1 0
Image adapted from
https://sdbs.db.aist.go.jp 27.1 ppm
The 13C NMR spectrum of cyclohexane 13¢ chemical shift ppm
RMN de 13C 0.00
I|\ T
M
E s
w
E All the carbon atoms are equivalent and occupy the same
> chemical environment, so there is only one spectral ine.
C-13 NMR chemical shift ppm |
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INTENSITY —2

Espectro de RMN de 'H do ciclohexeno

Imége adap.teld.fror.n http.s:H.sdbs..db..aist.go.jp 5.66 (proton ratio)
(2) ati (a)
1H NMR spectrum ) lit int
of cyclohexene CGH"O (c) (4) :‘:rzpllr;to
(b) !
(b) 1.8
splitinto
1.98 a quartet (4)
(a) 1.61 5.66 (C) |
(a) 1.61 5.66 (c) 0-9|_°
1.98 M
(b) S
& 1H proton shift ppm
: _ i . A AN
5 H-1 NMR chemical shift ppm
I ' [ | o ' ' I ' I ' I ' |
11 10 9 8 7 4 3 1 0

https://docbrown.info/page06/spectra2/cyclohexene-nmrlh.htm




Espectro de RMN de 13C do
ciclohexeno

CDCl,
solvent
- ""’JL} - - —— __-_.._A—“-quﬁ*—y—ﬂf—*m___ﬂJw
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Espectro de RMN de 'H do citronelol

9
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Espectro de RMN de '3C do citronelol

98
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Espectro de RMN de 3C da sacarose

ppm Int. Assign.

184.71 1868 1
93.20 448 2
82.42 428 3
J7.51 393 4
75.89 413 5
73.88 433 6
73.44 483 7
72.14 423 8
78.31 438 9
B63.44 348 18
B2.46 383 11
61.24 388 12

ASSIGMED BY C-H CO5Y.
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50.18 MHz saturated in DMSO-d;
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Tipos de espectros de RMN de 13C

PND (proton noise decoupled)
ou BBD (broad-band proton decoupled)

(ndo ha acomplamento entre entre 3C e 1H e
cada carbono se apresenta como um singleto)

SFORD: single frequency off resonance decoupled
(mostra acoplamentos entre 13C e H)
C: singleto
CH: dubleto
CH,: tripleto
CH;: quadrupleto

Atualmente:
DEPT (Distortionless Enhancement by Polarization Transfer) e
ed-HSQC (Heteronuclear single quantum coherence spectroscopy)



Mas os 13C nao acoplam com os 'H

aos quais estao ligados?

T 7 |
_13(|;_'_| 13(|>_|_| 13(|3_H
H
nt1=4 nt1=3 n+1=2
Methyl Methylene Methine

O efeito no desdobramento de hidrogénios ligados aos 13C é
0 mesmo quando se aplica a regra n+1.

(J’s sao da ordem de 100 - 200 Hz)

n+1=1

Quaternary



Determinacao/identificacao de sistemas acoplados
em RMN de H

Determinacao de J

Experimentos de dupla irradiacao



Experimentos de dupla irradiacdo em RMN de 'H

nitropropano
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HaC—CHa-CHo-MNO 2 100 MHz
al.0z2 204 435
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Experimentos de dupla irradiacao em RMN de 'H

nitropropano
S00 400 =00 200 100 0 Hz
HaC—-CHa-CH2-MNO2 100 MHz
81.02 2.04 4.35
JHH= 7.2 Hz
JHH= 7.5 Hz
a broadened sextet ‘ ‘ THME
] nin
= a4z 44 n &ippm)
S00 400 =00 Ann 100 0 Hz
HaC—-CHa-CH2-MNO2 100 MHz . !
Irradiac@o
v decoupling NOS hidrogénios
tf energy '|'
435 metilicas
Jyu= 7.5 Hz 2.0 |
TMS
] I '
| ' ' ! I ' ' ' I ' ! ! I ! ' ' I ' ' ! 1
3 4 2 2 i o &ilppm])

O CH2-2
acopla somente
com o CH2-1



H:

H:

H:

Espectros de RMN de 13C normalmente séo totalmente
desacoplados de 1H (proton noise decoupled, broad band
or fully decoupled)

pulse H,C Il
| _ CH=C—-0-—CH
H,C™ .
interscan 13C NMR spectra :
delay acquisition time (A) 'H fully coupled -CH, —CH ~CH,~
-CO_
decoupler OFF | I I ” I |

pulse

interscan
delay acquisition time
(B) 'H fully decoupled | ‘

pulse

interscan (D) SFORD H
delay acquisition time | il | I

I I
215 205 30 20 106 (ppm)

decoupler OFF resonance




Efeito nuclear Overhauser (NOE)

Aumento da intensidade dos sinais dos 3C devido a irradiacdo nos
hidrogénios

Irr
NOEmax = L (Y )

2 \'y Obs
_ 1 {f 2675 B
NOEmax = > \ 67.08 =1.988

Intensidade dos sinais de 3C: CH;>CH,>CH>C



Mecanismos de relaxamentos

T1 - Relaxamento longitudinal
(spin-rede/’spin-lattice”)

T2 - Relaxamento transversal
(spin-spin)

O relaxamento T2 é mais rapido do que T1.
O processo de retorno ao estado a, € constituido pela somatoéria de T2 + T1.



Relaxation process (T1 + T2)




Tempo de relaxamento longitudinal (T1)
(em segundos)

13

0.3s __ 0.8

LN

68 23

A menor interacdo dos carbonos quaternarios, ou sobre eixos de

simetrias, com o0 meio circundante, faz com gue os relaxamentos

sejam menos eficientes e a intensidade dos sinais acaba sendo
Inferior aos carbonos hidrogenados.



Espectro de RMN de 1H (totalmente desacoplado)
do metacrilato de metila

CH,
oy CH
e @ (@) s ?
I ﬂ'!:HJ () (e)
m:-ﬁ' [ L@
lrlj
T™S
c . CDCl
(@) (k) I
220 200 180 180 140 120 100 B0 60 40 20 0
B (ppm)

As intensidades dos sinais sdo variaveis
(dependem do tempo de relaxamento de cada carbono que quase sempre esta
associado ao numero de H ligados aos carbonos)



Espectro de RMN de 13C do 1-hexanol

25.16 MHz 61,7
0.5ml:1.5ml CD\CI3
32,0
25,8
'CHon 22 _CH3
8 carbono mais
. . 32,8 '
carbono mais desprotegido 14,1 protegido
(mais desblindado pelo efeito _ |
de eletronegatividade) (3 H ligados:
um carbono
a menos)
k L L




Atribuicdo dos sinais de RMN de **C do 1-hexanol

Se for obedecer somente o efeito de eletronegatividade:

61,7
32,8
32,0
25,8
22,8
14,1




O efeito de eletronegatividade se dispersa ao longo
da distancia, mas aqui o efeito y ¢ importante

22.8 25.8 61,7

Com a deformacéao
da ligacao C-H ,
a densidade eletronica
se desloca em direcao ao
carbono gama.




Calculo dos deslocamentos quimicos para
hidrocarbonetos

------ C.—Cs—C,~CyCpo %“—c:ﬁ—cﬁ—c?—c&_cs e

0-=—23+01a+ ':'-'.4 0.36+ 0.1+ X (steric corrections) ppm

Steric Corrections (ppm)

Type of Carbons Attached

Carbon Atom

Observed Primary Secondary Tertiary Quaternary
Primary 0 0 —1.1 —34
Secondary 0 0 =235 =15
Tertiary 0 -3 —8.5 —10.0

Cuaternary —1.5 —8.4 —10.0 —12.5




Steric Corrections (ppm)

Type of Carbons Attached
Carbon Atom
Observed Primary Secondary Tertiary Quaternary
Primary 0 0 —1.1 -34
Secondary 0 0 -2.5 -1.5
Tertiary 0 -3.7 -85 -10.0
Quaternary -1.5 -84 -10.0 -12.5

Oc=—23+91a+948- 257+ 035+ 0.1+ I (steric corrections) ppm

B CH; Y Actual values: C1  29.1 ppm
L 2|a3B s C2  30.6 ppm
BCH3 2.2-Dimethylbutane C4 8.9 ppm

Cl=-23+9.1(1)+9.4(3) - 2.5(1) + 0.3(0) + 0.1(0) + [1{-3.4)] = 29.1 ppm

Steric correction (boldface) = primary with 1 adjacent quaternary

C2=-23+01(4)+9.4(1)— 2.5(0) + 0.3(0) + 0.1(0) + [3(—1.5)] + [1(-8.4)] = 30.6 ppm
Steric corrections = quaternary/3 adj. primary, and quaternary/1 adj. secondary

C3=-2.3+9.1(2) + 9.4(3) — 2.5(0) + 0.3(0) + 0.1(0) + [1(0)] + [1(=7.5)] = 36.6 ppm

Steric corrections = secondary/1 adj. primary, and secondary/1 adj. quaternary

C4=-23+0.1(1)+94(1)-2.5(3) + 0.3(0) + 0.1(0) + [L(0)] = 8.7 ppm
Steric correction = primary/1 ad). secondary



Efeito gama: efeito de protecao esterica (-5 ppm)

Steric effects

* 'The more rigid the structure, the greater the steric
interference and the greater the shielding effect

H LCH3 oy 1075

. i
H™ CH3 H---H
EJ -3.597 (rel. to CH) b

* The more such interactions, the greater the shielding
BRI N T

o Qe
H H

S A



TABLE AS8.3

13C SUBSTITUENT INCREMENTS FOR ALKANES AND CYCLOALKANES (PPM)?

|
Internal: C,—Cz—C,—Cs—C,

Terminal: Y—Cgo—Cg—C,
Substituent Y o B ¥ o B ¥
-D -04 -0.1 0
—CH; 9 10 -2 ] 8 -2
—CH=CH3 19.5 6.9 -2.1 -0.5
—C=CH 45 54 -35 -35
—CgHs 22.1 03 -6 17 7 -2
—CHO 29.9 —0.6 =27
—COCH; 30 1 -2 24 1 -2
—COOH 201 2 -2.8 (] 2 -2
—COOR 22.6 2 -28 17 2 -2
—CONH; Ails 25 =32 —0.5
—CN 3.1 24 -33 1 3 -3
—NH- 29 11 -5 24 10 -5
—NHR 37 8 -4 31 6 -4
—NR; 42 -3 -3
—NO; 61.6 3l —4.6 57 4
—0OH 48 10 —6.2 41 8 -5
—0OR 58 ] -4 51 5 -4
—OCOCH; 56.5 6.5 —6.0 45 5 -3
—F 70.1 1.8 —6.8 63 6 -4
—Cl 31 10 =5.1 iz 10 -4
—Br 20 11 -3 25 10 -3
—1 -1.2 10.9 —1.5 4 12 —1

“Acdd these increments to the values given in Table A8 1.




O efeito da hibridizacao e dos efeitos de substituintes
sobre os deslocamento quimicos dos carbonos

y - e .
0 :Ei : - 0 _E."-.;...‘— deshielded
o 0 0
)EJC} H )Ejiﬁc Hs )1?‘?\[“'

-0 - D
/Lqm /}\ﬁH

positive charge delocalized
awray from carkbon



O efeito da conjugacao sobre o deslocamento
guimico dos carbonos

0 0
)glm-v ),Iglqvf*’”
CHs D

196 CH 0
5 06



Espectro de RMN do fenilacetado de etila

O ’
"
CH2-C—0O—CH2—CH;

Espectro de RMN de 13C
acoplado aos hidrogénios

Espectro de RMN de 13C 63,5 (ﬁ
desacoplado aos hidrogénios —CH,C
(espectro normalmente obtido) 4 5@2 —O0—CH, —CHj
5 3
C=0 ! 4
T™MS
_ l l X R N TR ]
A T W ST BIENT <N S SR Y S N (S SN S S Y SN N
200 180 160 140 120 100 80 60 40 20 0

dc (ppm from TMS)



A informacao sobre o tipo de carbono
(C, CH, CH, e CH,) s&o atualmente obtidos por DEPT
(Distortionless Enhancement by Polarization Transfer)

O

llz("\ 1
H,(I"( H—C—0—CH,
13C NMR spectra .
(A) 'H fully coupled ~Cit —(l = S
-('O -
. 0l
(B) "H fully decoupled I
1 |
(C) DEPT CH/CH3
° |
‘ CH2
(D) SFORD H |
1 (il \ ‘
T T T T e
215 205 30 20 100 (ppm)



Determinacao de T2 — Método do eco de spin (Hahn)

Sequencia de pulsos: 90x° - t - 180x° (t=0.1-1s)




podem gerar sinais negativos

13C NMR signals

As sequencias de pulsos semelhantes do método do eco de spin

"2 180° % T
Broadband Broadband

Decoupling Smgle Decoupling

-
doublet

Acquisition

Acquisition

— >

singlets






DEPT : Distortionless Enhancement by Polarization Transfer

——CH == sin{)
CH, => 2*sin(6) *cos(%)
J | a0 1 70 .
——CH;3 => 4*sin(6)*cos2(6)
450 900" 135°
DEPRT experiment
CH/CH;, CH up, CHy dowm, CHz up
0=135 |
M o _
|
Cinly singl tonated carhons
0=90 7S i up . CHup
il
PEH protorated carbons shorws Todos protonados
_ hio guate no deute rate o
B 6=45 satvent - CDC1; dssenl) e 0S quaternarios
o ~
Nnao aparecem.
noRMALTC
l ﬂ
100 ‘90 sy 70 B0 PPM



Espectro DEPT para a timidina

'
| 11 5 DEPT 0 - anly CH groups pasitive
4 7
B
s DEPT 135 - CH and CH» posivae, CGH: negative
sinais de CH e CH;, LU
pOSitiVOS — & 7 3
El | 12 |
sinais de CH, —
negativos 2 " g DEPT45-CH, CH; and CHs positive
3
. 4 ; 12 8
Apenas C |
hidrogenados - '
158 L] 50 Inpre)

(quaternarios ndo
Aparecem) Experiment c CH CH, CH,

DEPT-45 not visible | positive positive positive

DEPT-30 not visible | positive | not visible | not visible

DEPT-135 | not visible | positive | negative positive




Com base nos espectros de RMN de H e DEPT 135,
determine a estrutura do composto que possui formula molecular C,H4CI

3H | 3H
1H 2H
ﬂ A
¢ Ir—r | ) U 7 e T ; | i P Tl s T | | L | | e g | | g e g | | R B e ) P T e i EPM
4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0

PPM




Espectro de massas (IE) do colesterol

m/z 301

Abundance
%
S0

80 55
70
60
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10 ‘
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91

b L
=10]

DOI: 10.1080/01442351003668697

m/z 275
107 145
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161

M+ 386

HO

199

213

231

255

275

281

301

327

7+

m/z 368

M

353

|

386

-18

368
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Espectro UV e IV do colesterol

40 I
i f\;l i ‘ f‘/-f’
Ild 1/ - &\
357 HO colesterol (C,;) %ﬁ lfm J”\ H E ,L
-’ ' \ f”‘ | & S
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p AN f v M)l =82
-~ 2;_ ,// ! - T v
- g = 4 Lo 4.."!.
- - 4
£ 20 - 2
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) = 2 N ‘
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Fig. 4. UV-vis spectrum of Cholesterol.

340



Espectro de RMN 'H do colesterol

O que vocé conseque atribuir ?

HO colesterol (C,,)

HSP—40-E35 |’_‘||’_‘| 1l



Espectro de RMN de B3C do colesterol

9 25 26
. 3.17 12 28
24
1 14 0 2l
22 13
23
10
Cholesterol AN
25—
C27H46O Ukﬂw
24
Mw: 386.65 g/mol . /23/
Concentration: 400 mM ”"nm/zz T T T T T T T T T T T T T T T T T T T T
. T 42 40 38 36 34 32 30 28 26 24
Solvent: CDC, » ' H f1 (ppm)
15/ \1/11\ Ma
19 | \\H | /12
10 ~"4a
9/ \!/4 3/2‘3\13
| i
32
6. 17
Ho? N o 12 26
2 ! 317 25 28
1 14 2221 , 19 16
) 2 7 24 23 ’
18 13

15

T T T T T T T T T T T T T T T T T T

145 140 135 130 125 120 115 80 75 70 65 60 55 5650 45 40 35 30 25 20 15 10



Espectros de RMN de 3C parcialmente acoplados

J para C-H ~110-300 Hz (C-C-H e C-C-C-H séo de 0-60 Hz)

HO
- -

t '
CH CH;
! !

v } |

""""" I I I R A A L A R R RN B B

140 130 120 110 100 9 8 70 60 50 40 30 20 10 ppm



C,CH,

CH CHz Espectro

CH CH CH, C'.{z

de RMN de 13C (PND)

CH, CHS CH:

CH ' CH2 CHg CH3
L.._._Jl o TSRS ) ST J SN 4 S SRS ) RSN

Espectro de RMN de 13C

SFORD (com acoplamento

ki1 Mwﬁu

residual)

Espectro de RMN de 3C totalmente acoplado

.

e L) UMU I MMN 0

ppm, VS TMS

Sf
)




3C NMR spectra of cholesterol

cholesterol (CDCI3) full spectrum

Chemical Shift (ppm)

CHou CH
3 DEPT 135

Chemical Shift (ppm)



(dinoflagelado)

https://en.wikipedia.org/wiki/Maitotoxin

ocorre com frequéncia, e descrito em 1979.

. : - OH
https://sciencephotogallery.com/featured/4-dinoflagellate-gambierdiscus- Me O"J_
toxicus-dennis-kunkel-microscopyscience-photo-library.html " z W A%
e,
0 110 105, Me%e H O V “\lH
Me”/, HO H H 95 o“‘Me
Me QH 1ns
: H HAH Ha a ISy H H
: o = = o & 2 O (@) 9
142 = Y135 130 ) O Me
140 = F 12¢] © H Me s |
Me HO _ s\ H
Me Me Me H 12 H Q Me
maitotoxina e oo/
S OH
HO Ho
142 2, Me Me s 3
OH Me Me W ~O% oH g:ossqa :HoH  HoHZ: JOH 00
Me 5 Ho . e ~oH4 g . < L Hoy—4H %
E. 508 T\ A oo N o HoH O N /'
: J 0SO:Na OH HOR TAYRY A9R A9 AOAYHOH 0-60 OoH o s
HO  OH Ot OH OH L™ OH
HO HO : A9H L
oH OH OH

C164H256068S,Na,

Gambierdiscus toxicus

Gambierdiscus toxicus foi descoberto em 1975 em material
coletado em torno das Ilhas Gambbier, onde ciguatera

Como a maioria dos dinoflagelados, € unicelular e coberto de
placas rigidas formando uma estrutura chamada teca.



Maitotoxin was named from the ciguateric fish
Ctenochaetus striatus—called "maito" in Tahiti—from
which maitotoxin was isolated for the first time

Disodium
(12S,14aR,15aS,16aR,17aS,187,110aR,111aS,112aR,113aS,114aR,116R,117R,118aS,119aR,121aS,122aR,123aS,1
24aR,125aS,126aR,127aS,22S,24aR,25aS,26aR,27aS,28aR,29aS,211R,212R,213aR,214S,214aS,215aR,217aS,218a
R,219aS,32R,33R,34aS,36S,37R,38R,38aS,5R,7R,82S,83R,84aS,86R,87R,88R,88aS,92R,93R,94R,94aS,95aS,96a
R,97aS,98R,99R,910S,911aR,912aS,913aR,914R,914aR,11S,12R,132S,133R,134S,134aS,135aR,136aS,137aR,138
S,138aS,1310S,1311R,1312aR,1313aS,1314aR,1315aS,1317R,1317aR)-12-[(1S,2R,4R,5S)-1,2-dihydroxy-4,5-
dimethyloct-7-en-1-yl]-117,211,214,33,37,38,5,7,83,87,88,93,94,98,914,11,12,133,134,138,1311,1317-
docosahydroxy-14a,15a,16a,1144a,116,119a,121a,122a,25a,27a,29a,214a,217a,1313a,1315a-pentadecamethyl-132-
[(2R,3R,4R,7S,8R,9R,11R,13E)-3,8,11,15-tetrahydroxy-4,9,13-trimethyl-12-methylidene-7-(sulfonatooxy)pentadec-
13-en-2-yl]-13,14,14a,15a,16,16a,17a,110,110a,111a,112,112a, 113a,114,1144,116,117,118,118a,119a, 120, 121,
121a,122a,123,123a,124a,125,125a,126a,127,127a,22,23,24,24a,25a,26,26a,27a,28,28a,29a,210,211,212,213a,214,2
14a,215a,216,217,217a,218a,219,219a,32,33,34,344,36,37,38,38a,82,83,84,844a,86,87,88,88a,93,94,94a,95a,96,963,
97a,98,99,910,911a,912,912a,913a,914,914a,133,134,1344a,13543,136,1364a,137a,138,138a,1310,1311,1312,1312a,13
13a,1314,1314a,1315a,1316,1317,1317a-octahectahydro-12H,92H,132H-1(16)-pyrano[2"" ",3"" ":5"",6""|pyrano
[2",3"":6",7"]oxepino[2",3":5",6']pyrano[2',3":5,6]pyrano[ 3,2-b]pyrano[2"',3"":5",6" |pyrano [2",3":5',6"|pyrano
[2',3":5,6]pyrano|2,3-g]oxocina-2(2,12)-bis(pyrano[2",3":5,6]pyrano[2',3":5,6]pyrano)[3,2-b:2’,3'-floxepina-13(10)-
pyrano[3,2-b]pyrano[2'”,3"":5",6" |pyrano[2",3":5",6'|pyrano[2',3":5,6 ]pyrano[ 2,3 -f]loxepina-9(2,10)-dipyrano[2,3-
e:2',3'-¢'|pyrano|3,2-b:5,6-b’]dipyrana-3,8(2,6)-bis(pyrano[3,2-b]pyrana)tridecaphan-99-yl sulfate

Maitotoxin Is so potent that it has been demonstrated that an
Intraperitoneal injection of 130 ng/kg was lethal in mice



The molecule itself is a system of 32 fused rings. It resembles large fatty acid
chains and it is notable because it is one of the largest and most complex non-
protein, non-polysaccharide molecules produced by any organism.

Maitotoxin includes 32 ether rings, 22 methyl groups, 28 hydroxyl groups, and
2 sulfuric acid esters and has an amphipathic structure. Its structure was
established through analysis using NMR at Tohoku University, Harvard
University and the University of Tokyo in combination with mass spectrometry,
and synthetic chemical methods.

However, Andrew Gallimore and Jonathan Spencer have questioned the
structure of maitotoxin at a single ring-junction (the J-K junction), based
purely on biosynthetic considerations and their general model for marine
polyether biogenesis.

K. C. Nicolaou and Michael Frederick argue that despite this biosynthetic
argument, the originally proposed structure could still be correct.
The controversy has yet[needs update] to be resolved.


https://en.wikipedia.org/wiki/Maitotoxin

maitotoxina

Gambierdiscus toxicus
(dinoflagelado)

https://en.wikipedia.org/wiki/Maitotoxin

CH, CH, CH ¢
C= 0 2 4 2 8
Summary ce A % 8 o e
' C.eiHoecOreS,Na
of the carbons c a1 39 81 17 16 1og; e a2
H 63 78 87 0 256"

of maitotoxin

7 The number includes the OH protons.
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