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1- Quais dos seguintes nucleos sdo activos em RMN? Justifique

Nucleus | Yes/No

1708
19

Fy
1608
14'\]7
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2- Preencha a seguinte tabela (360 MHz for !H):

Proton v [Hz] 3 [ppm]
R-CH,-R 468

CHs-H 2620
R-CH,-Cl 37

R-CHO 9.5



iy 3- Preencha a seguinte tabela:
R (ﬁ”f S CI
LHHH:#_;.;Z MHHHW;.:;-:::I ,f’f HH"“D - HH‘H"'\-\.
Number _ Number
Compound Integation

H peaks 13C peaks

HO/Y



Cigncias 4- Atribuir os sinais dos H dos seguintes compostos:
(apresente os sinais na forma 6 2.95, 1H, d, J=2Hz)

R i Composto 4.1
'H NMR, CDCl, e p T Peak
H
WAl pom [T
H = NN 3353.45
H H
(N 3348.65
IIIIIIIII_I_:”T‘_IFIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII.IIIIIIIIIIIIIIIIIIIIIIIIII‘I*?FIIllIIIIIIII‘IIIIIIIIIIIIIIIII 70583 2824.24
Q.4 2.4 ?.IE'I E.IE'I S.IE'I 4.|El S.IE'I 2.|E'l 1.IE'I E'I.IE'I I

VAL 2819.36
Ry 2592.68

2581.84
2575.08
DB 2564.23
S atrA 2312.03
SWELER 2294.47

T Y N Sy 2114.45
2.4 2.2 T.l 7.8
iy pas 2103.56

M

| I I I | i | N I I N O I A | i 111 1 11 1 11 i N N Y I I A Ay A | i 1 1 L1 1 1 I | I T T I A N | I 1
E.5 g 5.8 5.7 5.3 5.2
Spectrum from http://www.chem.ucla.edu/~webspectra/#Problems
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Composto 4.2
2 4 'H NMR 500 MHz, CDCl,
Ho o H

D T e L L R B
7.5 7.0 6.5 6.0 55 50 45 40 35 30 2.5 2.0 15 1.0 ppm
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Q
“

Spectrum from BRUKER topspin
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—1.251
—1.236
—1.222

Composto 4.2 H NMR -Expansoes
ZHZ 4 500 MHz, CDCl,
1 C Q 5
M O NN® O H TN M NN
538858 2 3 2o
6 Ceseed « L09Y Y@ anininin
REAAR EEEE KRR VI
NV2ONVY/ IRRR
i
/f
—
— T T T T W T
695 6.90 ppm 582 580 578 p 184 ppm

ﬁﬁ

Spectrum from BRUKER topspin

%ﬁpm ﬁﬁ ﬁf
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5- Determine a estrutura dos seguintes compostos a partir dos espectros de 'H NMR.
(sempre que possivel apresente os sinais ha forma 6 2.95, 1H, d, J=2Hz)

Composto 5.1 - C,H;0,
IH NMR 300MHz (CDCl,)
30 20 10 O Hz
_— i
| 3 3 | | |
I
|II| ||| I|‘ |JI || || (— f._ |‘| .l || I||
) WAVAY. |"u__,__. f____ J\_ ___,J-' VAVANE
I O B R A Ll L e
4.2 4.1 2.05 2.00 JLSO 1.25
I ‘_:w‘«,_ ,jll\_., 4_,Jk\__. _ l
N T T T T B A I R B B A A A B T VT TR B A T B N A N A A A Y B A A A I
10 9 8 7 6 5 4 3 2 1 0

ppm
http://www.chem.wisc.edu/areas/reich/handouts/chem343-345/345-ps-1-nmr.pdf
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Composto 5.2 - C,H;0,
'H NMR 300MHz (CDCl;)

30 20 10 0O | ‘ I
s J W ILH____
|||‘ [| |”| |‘ n 3 I BT AR Ll 3
I L 120 115 1.10
- _-—JII I\\-———__ ___/'I \/ L/ I'L-J'I lL._ — /- 2 (\
Ll | Ll Ll | Ll | | I I I I | L1 1
3.70 3.65 2.4 2.3
) | 4}]
S i PN -— - i S
o s by b b b s b b b b L
10 9 8 7 6 5 4 3 2 1
ppm

http://www.chem.wisc.edu/areas/reich/handouts/chem343-345/345-ps-1-nmr.pdf
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Composto 5.3 - C,H;0,
'H NMR 300MHz (CDCl,) ;
l
1| |
‘| f
h bentpdoion bl Hz ‘| |‘ |
| 30 20 10 O | || ||| ||||
| [
|
| I ’
| N 3,00
‘| (WAYARAAVANIN R ‘ Yan
|I| Lo a1y i T Ll ‘
i 18 17 16 H
_____,)’ll I\‘___}L__ ” || | }
IR A AN B A A ||‘ 21/_ || ||| ||| 2}9&
8.1 8.0 ' AR f
‘ _/'L" \VI\J||
J_IJ_l_l_l_l_l_l_l
h ‘ H 100 0.95 ‘
1.p1 ‘ H
I 1
|| [
v v \_
IIIIIIII I
e | 415 410 _ J'!k.___JL )L«_____J“\ \
||||||I|||||||||I|||||||||I|||||||||I|||||||||I|||||||||I|||||||||I|||||||||I|||||||||I|||||||||I||||||
10 9 8 7 6 5 4 3
ppm

http://www.chem.wisc.edu/areas/reich/handouts/chem343-345/345-ps-1-nmr.pdf
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Composto 5.4 - C,H;0,
'H NMR 100MHz (CDCl;)

0.97

24 2.3

30 20 10 O

I,

http://www.chem.wisc.edu/areas/reich/handouts/chem343-345/345-ps-1-nmr.pdf
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Composto 5.5 - C,H,Br
1H NMR 300MHz (CDCl,)
FETTRTETRITRTRI STYR FRRTIRTETA |
30 20 10 0O Hz
|I \ II'|
I1 |I || |.| || Il| I|
||| 1\ II| | HHI f' I|
| ¢ !
f A "I Ill' /| ||II| ,'l \ / ll' / I'n Illu ' |
B i TRV o o ____/.“L SN Voy '\_,J".\__ o |
|||II|IIII|IIIIIIIII|IIII|II|||IIII|IIII|IIII|IIII|IIII|IIII|I ‘ ‘
195 190 185 180 175 170 165 160 155 150 145 140 1.35 ‘ ”
|‘ | I‘
f ||‘ | |
II| | II| |I IIII| |I |
__,_\_,____/II W o |
v e by |
100 095 0.90 |
2.20 ||
‘ || | 1.00
(] an
|I||I| 'I||
J I'./'I II‘-‘III I\\_ _
covn b b by
345 340 3.35 y
— — _ S ) = YA N N
o by vt by v b b b b b by b b b b b b b b v v s b by
10 9 3 7 6 5 4 3 2 1 0

http://www.chem.wisc.edu/areas/reich/handouts/chem343-345/345-ps-1-nmr.pdf
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Composto 5.6 - C;HgS
'H NMR 300MHz (CDCl;)

=
S
F_‘

pPpPmM

http://www.chem.wisc.edu/areas/reich/chem605/
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Composto 5.7 — C,,H,:N
1H NMR em CDCI
3 2:2:2:2:2:2:3 ,’ triplet
doublets
| triplet SCTtet
quintet
M
I
sSnag () G 1 o ) — f\ S, gapg 1)
10 H 8 7 6 4 2 1

Introduction to Spectroscopy, Pavia, Lampman, Kriz 2001
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Composto 5.8 - C,.H;BrO
'H NMR
j/’\ ......
A
' 1
A
111 ,
s rm
! :...,J...\}’ A
1 }
‘-'.—V. ---:i: !-_";u,l-‘/} \i/
U‘ x.'l Ll LUL J
DL S ¢ W -
s B SR I LR, TR TR RS A VIR (o N Y e e e G Pl P s T e [ S S | LR VL L O TN T LA T e AL R i 1R A |
18 16 74 72 10 68 66 64 62 60 58 56 34 52
(ppm)

Introduction to Spectroscopy, Pavia, Lampman, Kriz 2001
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Peak Hz
2236.67
2235.06
2228.58
2227.05

Peak Hz
2108.95
2107.42
2100.79
2099.26

Composto 5.8 — C;H:BrO
1H NMR -Expansoées

746 144 742
(ppm)
|
| 1 | |
| |
l | il
i }i |
| || |l ‘ .
I i
T4 1.02 ! '}ll](] K 698
(ppm)

Peak Hz
2168.00
2166.47
2160.68
2159.15
2158.31
2152.59
2152.99

Peak Hz
2044.48
2042.88
2037.16
2036.47
2034.87
2029.15
2027.54

TRTTHTT

6.82

Ty TTTCTTRTeT
6,80 6.78

(ppm)

I

6.76

Introduction to Spectroscopy, Pavia, Lampman, Kriz 2001
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Composto 5.9 - C;H:NO,
'H NMR em CDCl,

12 12 11 10 3

HSP-08-1:23
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Composto 5.9 - C;H;NO, Peak Hz
'H NMR 300MHz (CDCl,) - Expansdo 2690.33
2688.49
2686.65
1:1:1:1
2555.39
2554.28
2552.81
2551.71

2545.83
2544.73
2543.62

2539.95

“ 2546.93

2538.47
\\ k L 2537.37
A L Sogie 2532.22

T T v ¥ 7 ¥ T ¥ T T T o L ":‘l Y 3 2530-75
8.20 a52 8.48 844 B40 176 T 1.68
2529.28

(@ (c) (b) (@)

Introduction to Spectroscopy, Pavia, Lampman, Kriz 2001



Cigncias Composto 5.10 - C;H,,0
'H NMR (CDCl,)

i 53
i &
- AL Peak Hz
1 e 2094.31
| 2086.59
! . 1991.36
. !" 1978.13
(| ' 1970.04
/i J ' #\ Iﬁ\
| {1 [ | (1
-'/‘ REAA
&Y || BRIEd
II[ \ ,‘l I'all. \
/% 7\
btAatot st s T s hat e G At
[ (ppm)

_J_Urt A Jo o

"l"l’l']['Tl"]Y']llll,llll]IIITTIllI]lll][l|lll'l'l’]ll"l"""l""'lT]l]vl]ll

75 70 65 60 55 50 453 40 35 30 25 20 1.5 Lo 05 00

(ppm)

Introduction to Spectroscopy, Pavia, Lampman, Kriz 2001
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Composto 5.11 — C;HgNO,
H NMR (CDCl,)

s,d, d,sls; 1:1:1:2:3

Composto 5.12 — C;HgNO,
H NMR (CDCl,)

s,d,d,sl, s; 1:1:1:2:3

Composto 5.13 — C;HgNO,
'H NMR (CDCl,)

d, ds,sl, s; 1:1:1:2:3

Introduction to Spectroscopy, Pavia, Lampman, Kriz 2001
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Composto 5.14 — C.H.NCl,
'H NMR 300MHz

8.6 Hz

Small splittings
23Hz

Introduction to Spectroscopy, Pavia, Lampman, Kriz 2001



Siengiee
Composto 5.15 - C;HgN
'H NMR 300MHz

AL L L I L L B B N R N N E RN N SRR EERE N

10 9 8

Introduction to Spectroscopy, Pavia, Lampman, Kriz 2001
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Composto 5.16 — C,H,FBr
'H NMR 300MHz

Peak Hz
1433.66
1427.91 |
1422.16 .

1387.00 | | |
1381.25 ,{ J JU JUL U
J VUL JV UL )

1375.50 P Sz

¥ T T T v T T T T T T T T — T
480 476 472 468 464 460 456 364 360 156 as2 348

1084.59
1078.73

1072.98

1063.58

1057.83

1052.08

Introduction to Spectroscopy, Pavia, Lampman, Kriz 2001
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Composto 5.17 - C;,H,,0;

1H NMR 300MHz 1:1:1:1:1:1
Peak Hz Peak Hz
2338.83 2122.81
2322.87 l

| 2097.40
2207.15 r 2094.84
2199.33 2089.19
2191.35 A " | 2086.71
I
2151.23 ’ |‘ 1943.42
2143.56 U UU LJ d | U 1927.46
) |

Introduction to Spectroscopy, Pavia, Lampman, Kriz 2001
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o R 300Mpe e az 3.03 dd, J= 14, 4.5
1537.7 2.91dd, J= 14, 6.5
1525.5
10.39 15226 ____-/a'l I".\H_W_ B | ’ n ‘
1510.5 ool 1Y
445 440 435 430 H H ” ‘|
AT
[ |
|||| ||| || ||I || ‘| ||| ||| I |||
r v f-"l I"\\ |||| |I | ’ |I I| |I | |I || || ||
| ! \ |\ '\_,I / II"JI LIl
PJ|| ||||'| | o I// l_/ l\_ __./I \_ )
I | S
IR AR o
Nflul by [} II'II |\‘.JII l'-ur-ﬁ II| w’-u|I A | |I llrl
__.,.fl v v/ L __,/'l VAR l'\___
e e Si5 510 505 B0
L L I\L_ “\._M_ v " ]
] 1|0 1 éuu 1 Els ' |_:r|| ] |{I3| 1 ||I5|| ] ‘ql- ] ||:I3|| ] |é| |||||‘II| 1 l:I].

http://www.chem.wisc.edu/areas/reich/chem605/



ciencies 6. Determinar a estereoquimica dos seguintes compostos:
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Composto 6.1 PhCH,0 —5
'H NMR 200MHz em CDCl, MO:%:}?S%
3 2 Nsnsadtsaselsasaliaaliaatild HZ

30 20 10 0
Mco OAC
H A

F G '

R R R R R L R R R RN RN R LR R
L L N L L N R L R LR L

48 47 46 45 4.4 43 4.0 3.9 5.8 37 36 3.5 34

5.50,dd, J=3.2, 1 Hz, 1H
s 5.25,t,J=10 Hz, 1H

5.05, dd, J= 10, 3.2 Hz, 1H
4.73,d,J=10, 1H

4.54,d, J=11.5 Hz, 1H
4.42,d,J=11.5Hz, 1H
3.90, dt, J=6.1, 1 Hz, 1H
3.6,dd, J=9.5, 6 Hz, 1H

Jk 3.5,dd, J=6,9.5 Hz, 1H

http://www.chem.wisc.edu/areas/reich/chem605/
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Composto 6.2 Br 219 s
1H NMR AcO onc | 4>t 1=4Hz 5 11’
5.2, dd, J= 10, 4 Hz, 1H 44,5
. . 5.43,t,J= 10 Hz, 1H 2.04,s
he A 1 5.56,t J= 10 Hz, 1H 2.03, s
33 SmET s g s g 5.59, t, J= 3.5 Hz, 1H 2.00, s
W N 5.70, dd, J= 10, 3.3 Hz
“ M ‘ | |
| ‘ ‘ M
|
| H |l ‘J I — | | | 1 i |\ ‘
| ‘ || (o ' ‘
I| || | | I| |||I | | i | | | ‘ | |h |
/ ” | Cry o I‘ i I ' [ | | |‘ || |
" T . ! v lrf;j g Jlbﬁ_ |_H i x'| ~— Jw_J L e
5.7 5.6 5.5 54 38 445440 e
ppm 1.00 2.2 2.1 20
0. -
L "_-“I—* ‘ | | | | ]Jj__" | L _ﬁi ol b L "-ALNJ ILH_L In_ __'_I L '__JI;
8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 2.5 2.0 1.5 1.0 05 0.0

http://www.chem.wisc.edu/areas/reich/chem605/



FC Ciéncias
ULisboa

7. Atribuir aos isomeros cis e trans do 1,2-dicloroeteno os respetivos sinais de H.

300 MHz 'H NMR spectrum in CDCl, 1 I

Peak A Peak B

NS

Cl Cl Cl
S \__/
Peak Peak

2020 2000 1980 1960 1940 1920 1900 1880 1860 1840 1820 1800
Hz

1 _.Jhk\__._ i i l

10 9 8 7 6 5 4 3 2 1 0
PPM

http://www.chem.wisc.edu/areas/reich/chem605/



8. Atribuir todos os sinais de protdo presentes no espectro de *H RMN do acido fumarico em DMSO-d6 (400.13MHz),
indicando os sinais dos isotopomeros e as constantes de acoplamento 1, e 3/,

Acido Fumarico, DMSO-dE, 4000 Hz B %

-

@ L
[2:] o0 0 O b= =t [} =t -
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] 00 09 £0f = €2 = 0D -

— H 0 0 Lo WO KD 7] o ey o

COOCOH B
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/c—c\ -

HOOC H -

| o
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| O
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| o
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| o
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