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Question 1 (30%)
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Compound 1 has been synthesised. Identification of 1 has been done by X-ray crystallography and spectroscopic techniques. NMR data for compound 1 is given in attachment 2. Condition: CDCl3, 300MHz, reference at 7.24 and 77.0 ppm in 1H and 13C NMR spectra respectively.   
a)
Assign as many of the signals in the 13C- and 1H-NMR spectra as possible to the structure of compound 1 and give a brief explanation for your assignments.
b)
Calculate the coupling constants for the geminal (2J) and the two vicinal couplings (3J) which are marked in the 1H-NMR spectrum.
Question 2 (30%)
An “unknown” compound has been studied spectroscopically. Propose a molecular structure for the “unknown” compound based on the spectroscopic data found in attachment 3. Assign as many of the signals in the 13C- and 1H-NMR spectra as possible and give a brief explanation for your assignments. 
Elemental Analysis:  C:83.69, H:7.02;
ESI-MS : for [M+H]+ =173.12

1HNMR (300 MHz, CDCl3) δ 7.32-7.09 (m, 5H), 6.54 (d, 1H, J =15.9 Hz), 6.16 (dd, 1H, J = 15.9 Hz), 4.43-4.28 (m, 1H), 2.54-2.33 (m, 2H), 2.03 (m,1H), 1.97 (t, 1H, J = 2.62 Hz); 
The signal at 2.03 ppm disappears when the NMR-sample is shaken with D2O.

13C-NMR (75 MHz, CDCl3) δ 136.3, 131.3, 129.9,128.6, 127.9, 126.6, 80.2, 71.1, 71.7, 27.7.

IR (neat) 3320, 3292, 2110, 1040, 749 cm-1.

Question 3 (40%).

An “unknown” compound has been studied spectroscopically. Propose a molecular structure for the “unknown” compound based on the spectroscopic data found in attachment 3. Assign as many of the signals in the 13C- and 1H-NMR spectra as possible and give a brief explanation for your assignments. Draw equations to account for the fragmentation reactions which produce the following fragments: 211, 210, 209, 208. 
Elemental Analysis: C:63.46, H:4.32.

1H-NMR (300 MHz; CDCl3) δ 1.37 (t, 1H, J=4.8Hz), 1.59 (dd, 1H, J=7.8Hz, J=4.8Hz), 2.54 (dt, 1H, J=7.8Hz, J=4.8Hz), 4.27 (d, 1H, J=9.3Hz), 4.44 (dd, 1H, J=9.3Hz, J=4.8Hz), 7.28-7.37 (m, 4H).

13C-NMR (75 MHz; CDCl3) δ 20.4 (CH2), 25.1 (CH), 31.1 (C), 68.0 (CH2), 128.8 (CH), 129.6 (CH), 132.6 (C), 133.6 (C), 175.5 (C).

IR: 3088 (w), 2974 (w), 2908 (w), 1766 (s).

Vedlegg 1 / Attachment 1. Tables and Charts.

[image: image2.jpg]Table 43 Atomic weights and approximate natural abundance of
some isotopes

Isotope Atomic weight Natural abundance
(2C = 12.000000) (%)
n 1.007825 99.985
H 2014102 0.015
¢ 12.000 000 98.9
Lie 13.003 354 11
N 14.003074 99.64
5N 15.000 108 0.36
%0 15.994915 99.8
g 16.999 133 0.04
%0 17.999 160 0.2
g 18.998 405 100
2853 27.976927 922
Bgj 28.976491 4.7
0gi 29.973761 3.1
ilp 30.973763 100
28 31.972074 95.0
3g 32.971461 0.76
s 33.967865 42
el 34.968 855 75.8
jis! 36.965 896 24.2
"Br 78.918 348 50.5
Sigr 80.916 344 49.5

2 126.904 352 100
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2.12  Absorption frequencies of the double bond region

Table 2.10 Carbonyl absorption>C:O (All bands quoted are strong)

Groups Band Remarks
Acid anhydrides
—C0O—0—CO—
Saturated 1850-1800 Two bands usually separated by about
17901740 60 cm~ . The higher frequency band is

more intense in acyclic anhydrides and
the lower frequency band is more
intense in cyclic anhydrides

Aryl and ap-unsaturated 1830-1780
1770-1710
Saturated five-ring 1870-1820
1800-1750
All classes 1300-1050 One or two strong bands due to C=0.
stretching
Acid chlorides —COCI
Saturated 1815-1790 Acid fluorides higher, bromides and
iodides lower
Aryl and ap-unsaturated 1790-1750
Acid peroxides
—CO0—0—0—CO—
Saturated 1820-1810
1800-1780
Aryland ap-unsaturated 1805-1780
1785-1755
Esters and lactones
=C0—0—
Saturated 1750-1735
Aryl and af-unsaturated 1730-1715
Aryl and vinyl esters 18001750 The C=C stretching band also shifts to
C=C—0—CO—Alkyl higher frequency
Esters with electronegative
a-substituents; €.g.
SeECo-0 1770-1745
a-Keto esters 1755-1740
Six-ring and larger lactones Similar values to
the corresponding
open chain esters
Five-ring lactone 1780-1760
ap-Unsaturated five-ring 1770-1740 When a-C—H present there are two

lactone

bands, the relative intensity depending
on the solvent (see Fig. 2. 14)




[image: image4.jpg]2.10 Absorption frequencies of triple bonds and cumulated double bonds

Table 2.8 Triple bonds

Group Band Remarks
—C=C—H 3300(m) C—H stretching
2140-2100(w) C=C stretching
—C=C— 2260-2150(v) t (See Fig. 2.9)
—e=| 2260-2200(v) C=N stretching; stronger and to the lower end of the
range when conjugated; occasionally very weak (see
Fig. 2.14) or absent; for example, some cyanohydrins
show no C=N absorption
Isonitriles
R—N=C 2150-2110(s)
Nitrile oxides
RC=N—0 2305-2280
Diazonium salts
R—N=N ~2260
Thiocyanates
RS—C=N 2175-2140(s) Aryl thiocyanates at upper end of the range, alkyl at

the lower end

+ Conjugation with olefinic or acetylenic groups lowers the frequency and raises the intensity. Conjugation
with carbonyl groups usually has little effect on the position of absorption.

Symmetrical and nearly symmetrical substitution makes the C=C stretching frequency inactive in the
infrared. It is, however, seen clearly in the Raman spectrum.

When more than one acetylenic linkage is present, and sometimes when there is only one, there are
frequently more absorption bands in this region than there are triple bonds to account for them.




Vedlegg 2 / Attachment 2. 1H-NMR spekter of 1 / 1H-NMR spectrum of 1.
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13C-NMR spekter av 1 / 13C-NMR spetrum of 1.
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DEPT spekter av 1. CH og CH3 opp, CH2 ned. DEPT spectrum of 1. CH and CH3 up, CH2 down.
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C-H COSY spekter av 1. C-H COSY spectrum of 1.
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C-H COSY spekter av 1 forstørret. C-H COSY spectrum of 1 enhanced.
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H-H COSY spekter av 1. H-H COSY spectrum of 1.
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Vedlegg 3 / Attachment 3. 

1H-NMR spekter. 1H-NMR spectrum.
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13C-NMR spekter. 13C-NMR spectrum.
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Vedlegg 4 / Attachment 4.

1H-NMR spekter. 1H-NMR spectrum.
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13C-NMR spekter. 13C-NMR spectrum.
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MS-spekter (EI, 70 eV). MS-spectrum (EI, 70 eV).
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