Chem 344 — University of Wisconsin

Chemistry 344: Spectroscopy and Spectrometry Problem Set 3

Name (print):

TA Name (print):

I.  The NMR spectra of p-nitrobenzyl alcohol are provided below.

A. In theE3C—NMR APT spectrum, assign the hybridization of the *C-atoms in p-nitrobenzyl alcohol
responsible for each signarl. Tdentify any key functional group signals and label each *C-atom signal
with the number of H-atoms attached.
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Chem 344 — University of Wisconsin

C. Assign the H-atoms in the molecule to their corresponding signals in the 'H-NMR spectrum.

- = m com o
= ™
iein =

7

822
—727
0.00

S8

75

75
48
48

—3288.15
3279.40

— —3009.88

H3 H’c ”c

‘ :

>
w

= ——3018.72

" | “ u

O,N ' Y
’ - —I‘.h ‘II - -J"Illl |'|
o S St

7.9 7.
f1 (ppm)

2.00 —

T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

D. How well do the Curphy-Morrison parameters predict the observed *H-NMR chemical shifts?
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E. Rationalize the intense deshielding and resultant downfield shift of the *H-atoms attached ortho to
the nitro group by providing a series of resonance structures. For all resonance structures in Chem
344you must properly show all lone pairs and formal charges.
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II.  The three *H-NMR spectra below from 7.0 — 7.7 ppm correspond to three bromochlorobenzenes;

identify each molecule and assign the *H-atoms to their corresponding signals.
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Chem 344 — University of Wisconsin

For the IR, 'H-NMR and 3C-NMR spectra shown below for C;H4BrN, analyze the structure and each
of the spectra as instructed.

What is the unsaturation number (U) or index of hydrogen deficiency (IHD)? What does this
indicate about which functional groups are possible for this molecule?
2+2+N-H-X _ C

H’S c-C c‘mas &n%{ 7).—[’6”0?5 U =IHD .

The IR spectrum of C;H4BrN is provided below; identify any key absorptions that will assist in the
determination of its structure.
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Chem 344 — University of Wisconsin

The 3C-NMR spectrum of C;H4BrN is provided below; identify the hybridization and likely functional
group identity of each 3C-atom signal. Explain why the signals at 133.61 and 132.86 ppm are so

CDCI

intense and what that indicates alqg_ug tg
i

%Dw%msms(mj He Hwo
C-H 4/3»«&'5 13 MOT'
erpected,

*D; s-llv\jwsLmj He twe
5o " —atomn s from
e afeile eatom B
°‘|50b—)QI exfuc\kc).

AN U o

3Lructure

——133.61
128 22
7651

P
2 o
N
~

P
P

—111.!
7766

T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100

T T T T
% 8 70 60
ppm)

T
50

T T T T T
40 30 20 10 0

T
-10

D. The 'H-NMR spectrum of C;H4BrN is provided below; determine the structure. Assign each of the
IH-atoms in the molecule to a signal on the spectrum using the key provided. (QM?*“_}“J es"—.\ de )

H B []
R}
=
Al B HA | 7z
X
] | | L
- 3 /\’/ H..
L T
I i) (7.61)
S L = U S
'
7.80 7.75 7.70 7.65 7.60 " (ppm)ﬁSS 7.50 7.45 7.40 7.35
J\,\J — . J __________________________ J‘
17
8‘.0 7.‘5 7.‘0 615 5.‘0 5.‘5 5‘.0 415 4‘0 3‘.5 3‘.0 2;5 210 115 l.‘O 0‘.5

1 (ppm)

T
0.0

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Chem 344 — University of Wisconsin
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V. Determine the structure of the molecule with formula C;;H1,0, that corresponds to the spectra

shown below. Fully analyze each spectrum. _
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V.  The subsequent IR, EI-Mass, *H-NMR and '3C-NMR spectra were obtained from the product of an
Sn2 reaction of 4-hydroxybenzaldehyde and methyl bromoacetate. Predict the product, determine

its structure and fully analyze the spectra.
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A. Predict the structure of the product and the *H-NMR chemical shifts of its 'H-atoms using either

empirical parameters or a series of resonance structures.
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VL. Vanillin and acetone were reacted in basic aqueous conditions. Reactions such as these can lead to
aldol addition or condensation products depending on the aldehyde and ketone chosen, the

concentration of the base used, and the temperature of the reaction. Use the subsequent spectra
to determine the outcome of the reaction.
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VII. Determine the structure of the molecule with formula Ci0H120 that corresponds to the spectra
shown below. Fully analyze each spectrum.
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VIIl.  In an electrophilic aromatic substitution, 4-methoxyphenylacetic acid reacts with bromine
without the need for a catalyst. Use the *H-NMR and *C-NMR spectra that follow to
determine the identity of the major product of the reaction. Assign the *H-NMR and 3C-

NMR spectra. HB HF_HT—
mOH Br, Br : G Hp (mcS‘" ,T[Q,s/ gAS ?rcaufl’\
~ o) 0
Ogm\ & v

A. s 'H-NMR signalsof the starting material are discernable in the H-NMR and 3C-NMR
spectra. Identify and assign these signals. Using the *H-NMR spectrum calculate the
approximate ratio of product to starting material.
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B. Rationalize the 'H-NMR chemical shifts of each 'H-atom attached to the aromatic ring of the
product (relative to the *H-atoms in benzene) using a series of resonance structures. Clearly
state how the charge distribution depicted in the resonance structures rationalizes the

chemical shift of the *H-atoms.

-.3-‘ . < -‘B_v"

'fLL "‘uoo /”— clﬂ.C’TOV\’QOV\Q"‘h‘\ﬁ flALS“ﬂ\uV\-/S O)OP\OL‘I'( e/zc"'ro“n '&“5'7
+o Uy erto C—q_"'crwxs ag sAown_ ‘ﬂw ex—’\r—t\ e Ohuﬁll
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Chem 344 — University of Wisconsin

IX.  An aldol condensation used in the organic laboratory at Madison College produced the

stereoisomeric product mixture shown below.
0

j\ _ NaOEt _
H o+ W /\/U\)
HsC™ “CH, " EoH

A. For each of the stereoisomers, estimate the expected coupling constant (J«p) for Ho - Hp for

each of the molecules.
|l7 Hz
—f/
(0] Ar
Ar/\)J\diAr ArWHB
Ho Ho HOLK7 j»\- lO HZ

{Taué—-\LV‘a_us
B. Unfortunately, only five of the six possible vinyl 'H-atom signals (labeled A — E) are

observable in the aromatic and vinyl regions of the product mixture. These integrals,
however, are sufficient to determine the product ratio of this reaction. Use the coupling
constants and integrals of the identified signals to estimate the product ratio. Use the most
isolated signal integrals for each molecule. H

100 Majov 28~ 2. mafev: | Moy

039 Mivev 2 H -

traws- frans

R R =omk [ 8 A
3R CREE g8 % &
A L
[ - ‘ [ [
@ ‘q He | W&
<=\ ] s, L_()
ol LT o
llA[ "} « |26 HE
N (I (o ¥ D E) I3 %
_,f | \ _7| " I ” Y T
il L A LWL
A LT LAY AR VARIWAAY |
M A b v MO A
T F‘I T N| d\ c-I r‘:‘ = T = T = T T |o T T T o.I
7.8 7.7 7.6 7.5 7.4 7.3 7.2 1 7. 9 6.8 6.7 6.6 6.5 6.4 6.3
f1 (ppm)
(
|
/
( ; |
/ | / ‘ / P P I
anl.,l |\‘ w“ || W__ J L NI‘ I\..J J|L_,,J\.Jh. N MMJ{A,
PARANAS s A e
F?U 715 7‘0 6.‘5 6?0 5‘.5 5.‘0 4j5 4?0 3?5 3‘.0 215 2.‘0 1?5 1‘.0 0.‘5 OjO

f1 (ppm)
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Chem 344 — University of Wisconsin

X. An electrophilic aromatic substitution, the sulfuric acid-catalyzed nitration of methyl
benzoate, was carried out in the Organic Chemistry Bootcamp at UW-Waukesha. The
spectra presented below are from authentic student samples. Analyze the spectra to

understand the outcome of this reaction.
/@)k CH3 OzNﬁ

0]

CHy HNO,
H,SO,

methyl benzoate

NO, O
Hs 02N\©)‘\ /CHs

potential nitrated products

A. Estimate the *H-NMR chemical shifts of the tH-atoms in methyl benzoate by analysis of the
7 conjugation using a series of regnance structures and by emplrlcaléCurphy Morison)

parameterso ~ Qs
\/j\o/cus s T’\|//‘\ /CHB

SRS ¢ S

J :5'\ CHy LN "\ iy
NS (376)
2@,:, O‘/ (? 55>J\/' (904)

C)Omn-g-a\cu rela:":\u( "'O bencema

B. Predict the expected fragmentation pattern of the molecular ion of methyl benzoate in an El-
Mass Spectrometer and provide a complete electron-pushing mechanism.

?6? acH //%"

- ¥ 7
el e =
N/}:l}é "“/Z = lo% /%3‘77
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Chem 344 — University of Wisconsin

C. The authentic *H-NMR spectrum of methyl benzoate is provided below from the Aldrich
database. Assign each of the signals to its corresponding *H-atom in methyl benzoate.

Comment on how well the resonance structures and empirical parameters predicted the *H-
NMR spectrum.

300 MHz *H NMR ©2013. Sigma-Aldrich Co.
In CDCI3 ATl FIGHTS FESEEVED
Ha
o
cil
ll¢ L IJ\O _
n ©
l"rs ”A'
He
8.0 7.8 76 7.4 (?mé.‘ck))
(5.04) (744)
3 -Cmr‘as'th Otjm""‘d
(3.16
200 208
l d(i
o
A BC D
8 7 6 5 A(330) ' 4 2 1 0
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Chem 344 — University of Wisconsin

D. The major product of the EAS nitration of methyl benzoate was obtained after
recrystallization in methanol; its *H-NMR spectrum is shown below.

Assign the methanol, CHCl3 and TMS signals.
Determine the major product of the reaction and assign each of the *H-NMR signals to its

corresponding *H-atom(s) in the major product.
Justify the assignments with use of empirical (Curphy-Morrison) parameters.

2701 — Nitration of methyl benzoate rearystalized sample 27 — STANDARD 1H OBSERVE — —

T

A T“ ‘.L

H Clty
I| * lC ’ o
| | L™
| |“ il e’ |
| ) | ’JJ/J ,le/ . U_JJ‘T ,

e o

T T T T T T T
9.00 895 8.90 8.85 8.80 875 8.70 8.65 8.60 8.55 8.50

f1 (ppm)

A v oy
f /| / \ W
/
I |1| *C —5 _
J C A -
- ,.,J*‘L,,,.., ,J L @ — e N B S S — @
I 0 T T I T
e : . ; : : ‘ : ; ; ‘ . ; :
L0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 f14(.5 ) 3.5 3.0 25 2.0 15 1.0 0.5 0.0
ppm
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Chem 344 — University of Wisconsin

E. Prior to recrystallization, the crude product mixture was analyzed by GC-MS and the data are
presented below. Determine the identity of the components of the mixture responsible for
GC trace peaks 1 and 4. Provide a fragmentation mechanism to rationalize the major signals
observed in the EI-Mass spectrum of component 4.

Peak Report TIC
Nitration of Methv] benzoate C:\GCMSsolution'\Data'Project] \Summer 2015 Spec Dﬂelopnleut UW-Waukesha Nitratio  Peak# R _Time Area Area%
3.678.957 1 4168 173248 286
2 6.788 812211 1343
3 7.133 80836 148
4 7.208 4074322 8223
cH 6049617  100.00
0”0
OLO,C“B
/g m‘L
2 ¢
m | | TIC*1.00
5 7.0 79 ©
Spectrum
g-‘-a(“":g m&‘khx, pe I~ |
Peak:1 R .Time:4.2(Scans?:21) MassP OI‘J
100 T
L e
(¢
] s1 ‘ 136 — l o R
4 63 " o2 | 119 AN S
R Ll L ) Ly L ] L L) L L L L LA LA LA L) L ey LA LA A ) L ) LAt LAl LAk L] A ey Lt R A L) UL R AL L LA ) LAk AL LA R R
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240

Spectrum

Peak#:2 R Time:6.8(Scan#:336) MassPeaks:59
100 V.

o
. 64 || T . » X 81
43 ”u i Wl | 104 121 135 | 165

e L L L B B L M
40 0 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240

et/ n Hers/ Proctuc X,

Spectrum
Peak#3 R Time:7.1(Scan#:377) MassPeaks:47
o o ST 7
] 50 76 104 o N
02 12 o
J 63 | ‘ |U 135 | s 1
b [N 1 | 1, 1l | ] A2
| LA BRAELARLS RURRS RLRE RRLEE LAY LLRALE RLRR] R LIRS LLRLE RLLE) RELLIARALEY LAALE RULR] AR RRLES LARLE RLELY RARALRRALAN LARLE DALY RALEI RALLS LALAS LLALY RALALRALEE LALAE LARLY KL RALE) RELEE LLALE RURALRLLR] RALAE LAAL) RALLE RLLL) RAL RALLE LARLE UL RALAL ALY |
0 10 20 30 40 50 60 70 80 9 100 110 120 130 140 150 160 170 180 19 200 210 220 230 240
mz
Spectrum
Pealct:4 R Time:7.2(Scan#386) MassPeaks:87 o
100 v .
] s
»
104

. el 2
HHHHT Tt TTHTTHT T
90 100 110 1"0 130 140 1)0 160 1?0 180 100 "UO 210 220 }‘0 "4-0
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Chem 344 — University of Wisconsin

F. Based upon their EI-Mass spectra, propose the identity of the components of the mixture
responsible for the GC trace peaks 2 and 3. Use Curphy-Morrison parameters to predict the

%’22 !H-NMR chemical shift of each of the H-atoms ifi the proposed components 2 and 3. From
o 5 the GC-WB not possible for you to distinguish between these two components.

- 136

o N AT e 0.L%

4 oo
o H\/ "\oci—lv,g'—;ﬁ H\_J\ 'xocn,,

- | ~
a2 H N0, MJHf Ho 2.3¢
ol o..¥

336

Hoo 7:e
0 ﬁ 0.6% 23¢ v 020
0-3‘7' 0.0Y €.24 ppm
2.31 frh

G. Use the GC-trace to determine the ratio of components in the product mixture in order of
relative abundance in the form of X:Y:Z:1.

(o)
L QC-“ 3

—

L Ye ON

£z 1.9
T
/ /I °u\°,cu~,
(o}
@J\O/(u‘s
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Chem 344 — University of Wisconsin

H. The *H-NMR spectrum of the crude mixture is shown below. Assign the *H-atoms for all of
the integrated signals in the aromatic region of the *H-NMR spectrum.

T
A
c
‘ ®
" ’ H |
Jl e F G RIS e L
=T J,l AR T Tmm R 1
910 8.‘9—‘ 8!8 8.‘7 8.‘6 8.‘5 - 8.‘4—‘ 82 } § 8.0 D?Q 7.8 i 7.‘7 - C.76 } 7.5 § 7.4
“ o f1 (ppm)
[
g _ s
[« ]
o v l
JII Py |
N e L |
LA S R et S b
!.IO 8;5 8.‘0 7;5 7.‘0 6;5 6.‘0 5j5 5.‘0 fl?égm] 0 3.‘5 3.‘0 1‘5 ZIO 1.‘5 1;0 O.IS O.IE
“2' é/Bv.v\\g) Umokw HL
Hy M

@ —
‘CPCM"HY [ o undar u:[

I. Based upon the experimental data, comment on the regioselectivity of the nitration of methyl
benzoate. Which product(s) are favored and which are disfavored?

Tlv. Vl;j\’a-'"'\\m ,,Q m;;/lty/ L&hZOqJ-( 3 ey y u’z(‘,‘:v-'& —ﬁ:r “’LL
Nj\\ol\SoW‘-tV‘ r\:u"‘ % ortho ar\) ')Q(q ’Proau("s @ v ?x,mm‘lf)

ok

P‘C"‘L 0(#\6 Par(
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Chem 344 — University of Wisconsin

J. The Curphy-Morrison predictions of the *H-NMR chemical shifts of which component
matches the most poorly to its experimental spectrum? Explain why the parameters do not
predict the *H-NMR chemical shifts of the *H-atoms in this molecule to the same degree of
accuracy as in the other molecules.

Ta oedar Sor "HM cmr‘.rk«‘ Wm)i‘c’\’\r\cvxé (C‘Hﬁaamr«—'z‘k"s), to
Y‘\t\b mas""o‘\?(l; chemiz<l S'Lf‘p-‘ PNJR"’%‘V\S/ e Mcb/k(ul,(
oS adevesH musl  Le oy 6 e wmolbaules 1o fo
%NYQ‘I‘( "H\'L Pavﬂmrltri _TL.. ParaN‘Lrs woyl( Uu-f-” %—f
MC'H\VI la~u«2044-( AP\A "Hu. ‘)MQ’ mr\) M—(.?Lc‘\-nﬂ\fa‘h\on rjroo’uc'lg'
;\mu-Hu. ?swa-mJ-ch ?N)?—“’ % SLI—‘C‘,’ yOG\’,y &of “"L._ o'Y-n:o-,.ﬂvrlh'
?(‘oauc"‘, H. shucture musd PRWW} Ho eger  and nitro

6“\'751[‘\(qu~-4—5 —Qcm L\&u‘mj "H\.ﬁr WSM&' ;Mrac—f. _ﬂq_ $'/‘€rl\(
\‘V\\){Y&c"-\%“ 'CO(CLS ‘H—\v. ot 50\‘95‘/:7Ll~cv\_"'$ +fo _"IUTS+ %_\

Fu3t  ones e T céhjk /s n and cl\ap\?gj 7 oy

0
bg' ‘HM. év\,o}-l-mluem" V\Aajr\L‘A\c QI‘C‘QS

O
‘\o, Hx
A ST re[)u(ﬂ\av,
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