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1.!' For each molecule, list the number of signals you’d expect to see in the 'H-NMR and “C-NMR spectra. Assume no signals overlap.

H | C H _[C H_ [C
©/\CH3 )OJ\)(J)\ /\i\
OCH;
Br
u— PPN
H 9 Z
Br
-0 OH
H——OH
HO——H HYY
OH
“CH, H™ “OH

2.1 Label the bold H atoms in each molecule as homotopic, enantiotopic, diastereotopic or heterotopic. Careful! Do the equivalency
tests to be sure.

CHj
H /
HQ H ’ | N
CHy 4= .
HsC™ ) y | Q
H OH H H
HO \\H OH
N CH
e N Ay (=S
HO H H H H
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Homework 6 ® Organic Chemistry | Name:

3.1 Fill in the missing fields in the table below to complete each row. You may need to circle the appropriate set of H-atoms in the
molecule for some entries. The first row is completed as an example.

. . Multiplicity | Multiplicity Coupling o
Signal (Circled) Name Abbreviation Constant(s) Splitting Tree
14 Hz
doublet of dt J=14,6 Hz % ‘
triplets
6 Hz
J=8Hz
O H R
P e J=5Hz
HsC~ ~O~ “CHj
CH; H
7 o)
H3CMH J=10,8 Hz
H
3HZ]
Circle appropriate Hs.
CH; H
=
H3CMH J=16,10,6 Hz
H
Circle appropriate Hs.
CH; H
Cl
X
H30M dd J=8,8Hz
H H ¢
Circle appropriate Hs.
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Homework 6 ® Organic Chemistry | Name:

4.1 Propose structures for compounds that fit the following 1H NMR data.

a. C4H5C|2 b. C10H14
2.18! (3 H, singlet) 1.30! (9 H, singlet)
4.16! (2 H, doublet, J=7 Hz) 7.30! (5 H, singlet)

571! (1 H, triplet, J="7 Hz)

c. C4H;Bro d. CoH1Br
2.11! (3 H, singlet) 2.15! (2 H, quintet,J="7 Hz)
352! (2 H, triplet, J= 6 Hz) 275" (2 H, triplet, J=7 Hz)
440! (2 H, triplet,J= 6 Hz) 338! (2 H, triplet, J=7 Hz)

7.22! (5 H, singlet)

5. When measured on a spectrometer operating at 200 MHz, chloroform (CHCL) shows a single sharp absorption at 7.28 | (ppm).

a.! How many Hertz downfield from TMS does chloroform absorb?

b.!' How many Hertz downfield from TMS would chloroform absorb if the measurement were carried out on a spectrometer

operating at 500 MHz?

c.!' What would be the position of the chloroform absorption in ! units when measured on a 500 MHz spectrometer.
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Homework 6 ® Organic Chemistry | Name:

6.! Circle the molecule that is represented by each 1H-NMR, 13C-NMR, or IR spectrum.

OH Ho
|
i
T I T I T I T
4 3 2 1 0 . | ‘ ) ' )
PPM o I
HaC OH Br
O. 3 o\/\ _ / CI
o T o Ly
HaC L HaCO o)
dq “
160 140 120 100 80 60 40 20 O 8 ' 6 ' 4 ' 2 ' 0
PPM PPM

7.! Match the 1H-NMR signals to each equivalent set of H-atoms. No integration is given. You must use your knowledge of chemical
shift and multiplicity.

C

0 [Mj

7 6 5 4 3 2

H
D

— ]
o
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Homework 6 ® Organic Chemistry | Name:

Molecular Formula: ? Elemental Analysis: C,54.53%; H,9.15%; O,36.32%

H-NMR (90 MHz)

Nn N < N OO
NHOSQo S mo
L ~N I
\le K4
|
| JL
i N
T T T T T T T T T T T T T = T T T T T T '\;I T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 a (;b?m 3.5 3.0 2.5 2.0 15 1.0 0.5 0.0
INFRARED SPECTRUM MASS SPECTRUM
1 v e, — {M 1007
\ N AW 1
L \ / \q | \ V i
0.8 [ N d \\ K 801
0.6 — / \ 607
0.4 — / 407
02 201
: L | ]
P RS S SR | PR RS 0.0 "!I““‘IM‘"I“"I""
3000 2000 1000 0.0 20 40 60 80 100
Wavenumber (cm-1) m/z

8.I' Determine the structure from the data above. Show all work and analysis where possible.

9.!' Calculate the J-values for the quartet and triplet. Show all work.
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Homework 6 ® Organic Chemistry |

Name:

Molecular Formula: C4HoBr

Elemental Analysis: ‘ ?

H-NMR (90 MHz)

f1 (ppm)

o0~ TN —~Om om
NN NHSSaca 2a
o NN N N )
|l SN | .
|
J
/
[
Hf
LA J
1 b m— —r—
8 3 E
~ = A
T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 4. 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
C-NMR (22.3 MHz)
(=3 (=] £=3
I ® S
~ S =
| R |
|
||
T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 120 110 100 90 80 70 60 50 40 30 20 10 0

10.! Determine the structure from the data above. Show all work and analysis where possible.
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Homework 6 ® Organic Chemistry |

Name:

Molecular Formula: C10H1002

Elemental Analysis: ?

H-NMR (90 MHz)

~ SERRIREFIMIITRS =
(=2} L= - < N L S S T T T A S Ce Ve 22l
| T\ N | | |
! 1 ]
I [} I
1 |
1 ‘ 1
e L I 1 By
T T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4. 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
fl (ppm) .
C-NMR (22.3 MHz)
wmn o~ - wm N w
wn ~ [=2] m N~ o [t}
o S S © < m
(=] (=} wn m ~N - wn
- 4 Ll - - ~ wm
[ | |
) I
|| |
T T T T T T T T T T T T T T T T T T T T T T T T T
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ppm) .,
INFRARED SPECTRUM 11.! Determine the structure from the data above. Show
1r Nl Ty N e all work and analysis where possible.
f " 4
L qu, | U A '“ ol “ﬂ|
0.8
0.6
0.4 r
4000 3000 2000 1000
Wavenumber (cm-1)
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Homework 6 ® Organic Chemistry | Name:

Molecular Formula: ? Elemental Analysis: ?

H-NMR (90 MHz)

-
|
|
| h\ I |
T . T . T . T . T * T ' T . T . T . T * T . T T T 4 T : T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
MASS SPECTRUM 12.! Determine the structure from the data above. Show
1007 all work and analysis where possible.
80—_
60‘_
40
20j
1 1 ! 1
op—m——mmmm—m——
0.0 40 80 120 160
m/z

13.! Draw the cation fragment that gives rise to the peak at 91 in the mass spectrum.
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Homework 6 ® Organic Chemistry |

Name:

Elemental Analysis: C (81.04%); H (8.16%); O (10.80%)

Molecular Formula: ?

1H-NMR (300 MHz)

N DONOWLIN mm
O NNNNNN NN

N\r\]g/m e \/

|
A N
T T T
& s &
T T T T T T T T T T T T T T T T
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13C-NMR (75 MHz)
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14.! Determine the structure from the data above. Show all work and analysis where possible.
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Homework 6 ® Organic Chemistry | Name:

Molecular Formula: ? Elemental Analysis: C,55.16%; H, 8.10%; O, 36.74%

1H-NMR (300 MHz)

CERR L L QR
fESE  meimm oy
N ~N¢ ~
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1 !
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1 "
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60- - \
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m/z 3000 2000 1000
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The molecule also shows 13C-NMR signals at 13.5,13.9,46.1,61.2 and 170.1 ppm. Determine the structure from the data above. Show
all work and analysis where possible.
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Homework 6 ® Organic Chemistry |

Name:

Molecular Formula:

CH.O

1H-NMR (300 MHz)

Elemental Analysis: ?

O NN S < nmINmmMmMre e~ NN YO WY
SRR R oo NAAAA A A" OO0O0OCOOD
W ui?\ r\ir\ic\ir\ir\ic\ir\ir\ic\ir\ir\ic\i-—'i\'lo'/o'
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g E
— o
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15.! Calculate the coupling constants (there are two!) for the doublet of triplets at 6.9 ppm in the IH-NMR. Show your work.

16.! Determine the structure from the data above. Show all work and analysis where possible.
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