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1) pB-carotene is one of the pigments that causes carrots to look orange. How many nodes would

i )
the HOMO of B-carotene have~ 10 1 hends —
Jo ms's =
; o e,l{((_,h'd\r\j —"_:__
— Luwd
‘\a(-\__{_g ,an(_;ﬂ‘o'
> 2
[4 -
| 1 %
A) 7 C) 10 D) 19 E) 20 v
| e
no ﬂwfc, A

2) P -carotene is a precursor to vitamin A (Retinal) via the action of an enzyme called beta-
carotene-15,15-monooxygenase. How does the energy gap between the HOMO-LUMO of

vitamin A compare to -carotene?

| argev
oxidative 0 ) an
cleavage H enelsy
9P
Vitamip A or Lit o
B-carotene L_‘) Ve £ ¢ L“"L}“ﬁul&( Swolly o Retinal —
et sy ____’]L.uwv
A) Energy gap between the HOMO-LUMO is larger for B-carotene ) — how?
Energy gap between the HOMO-LUMO is larger for vitamin A Q» Uik R

C) The energy gap would be the same

3) Purified and isolated B-carotene is actually a red-purple solid and vitamin A is an orange solid.
Is vitamin A absorbing a longer or shorter wavelength of electromagnetic radiation.

[arsu tﬂery
Ihigher {Jr¢1/uew.».;,

S kbf\#‘t/" \Jc.xot,lqﬂ?{'t.-\

A Vitamin A is absorbing at a longer wavelength than p-carotene
@ Vitamin A is absorbing at a shorter wavelength than B-carotene

4) List the following acids form the strongest to the weakest.

A) 2>3>1

% § (o O o5
3>2>1 Il o @) a
1>2>3 o] OCHj, OCHjs
D) 2>1>3
1 2 3

E) 1>3>2
F) 3>1>2

LYY

5) Which of the following carbonyl compounds would be most reactive towards hydration?
O (‘“-rJY{'W' Jlowps arl<

0 0]
HJ\H AH )J\“ elechon  Ronuled

> 2 3)
Dlafjlf{‘ g+t o SJ-&WIL, [ﬂ.lv‘kyl«&fa,act
[’Vud— rao»c/(-{\m.
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6) Which of the following compound(s) is/are aromatic? H
- 8/c/N|o|F

A) 1,3and 4

B) 1 .2and3 S P|S|Cl
Q) 2,3and4 / NH2 \[I/ Br
(DY 2and4 “ B I
E) Only 1 3) IZ)\) ff”‘ﬂ‘()’ 51?Z orlor Fﬂ-’
F)  Only4 no + -

G) All are aromatic P‘ﬁ*""f 6 61T

>ty

7) Order the equilibrium constants from largest to smallest? Keq =[products]/[reactant]

(0] OH 0 o -
n o = L gy A D )OQ)OK
AN

o) K, OH 6 O Kaeq OH ©
eq
A)  Kieq > K2eq > Kaeq > Kseq B) Kaeq > Kieq > Kaeq > Kaeq
C) K3eq > K2eq > Kleq > K4eq /@ K3eq > K4eq > KZeq > Kleq ) > '"1 > )“ 1
E) K4eq > Kseq > K2eq > Kleq
L)’: lev{(., oM - lowse
8) List the follow acids from the strongest to the weakest. Ml 5 et o om AR
\\"//
A 1>2>3 H ® N Ll
B) 2>1>3 ,11@ H /H NH3 4/1‘5_ ?,r\‘}l‘ JDJ % <
3>2>1 & N® ol 1) [eommantt
6 2>3>1 X \ / —
E) 1>3>2 ) 2 3 /N\-bgp)‘ no [ esonan Ce
F 3>1>2 /
) 1S5 L0

9) Which reagent would produce the diene in the greatest yield? (Note: Only reagents given not
reaction conditions)

A) Conc. HSO4 /\/& ? \/g
B) NaOH/H.O Br — X
C) KMnOg4
LDA
) H2/Pt
F) None of these

10) What is the major product produced in the following reaction?

feyXXxx i\/\
g 1) 2) 3) 4) @

@

N 2 2%
(N G BT
N

'\/\ N 5‘"’ \)\\ 5 (arcwbu./\‘-ea f"\bs"'
g e \/_’_/ shable clkene

S luble r“.u/lﬂanct ¢ lva Cl"’\fcs
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11) What is/are the major product(s) formed in the fgllowing reaction?

. OnIy 1

Only 2
C) Only 3
D) Mixture of 2 and 3
E) All are formed in equal amounts

SOzH
2
12) What is/are the major product(s) formed in the following reactlon71) ) 3
. l e r 0 P J—;J‘c
A) Only1 O\\ND one pai NO
B) Only2 J BrleeBr3
_ Only 3
)/ Mixture of 2 and 3
E) All are formed in equal amounts Br
@ ®
13) What is the major product of the following reaction?
. J J
w0 O C
) < P\UB ) ) Br
1 B 1) AlBry OCH, By OCH; OCHs
+ —_— 7
2) H,O @
@ —H
OCHjs & Loy
59— D<o 0T
~ 4)
bfm‘m[?c r‘wnL 61119}{ cmlf“it)v‘\ H3CO OCHa
14) What is the major product of the following reactions? & hin
cl rechne cl
~ 0P S Oy c
Cl D n}’—_b KA/’/\) )\H/N %QH_}) L/NO?__
HNOS NaOCH,/CH;0H | O) — }\)
—_— 7 > ? ~ .
H2SO,4 | nucfeoplet
OCH,3 OCHjs Cl of
NO, HsCO NO, HsCO
NO,
CF3 CF3
1) 2) 4) 5)

15) What is the major product of the following reaction?

O? ":«H

CH2—CHCH3/ HCl

@f%@é
*@)5 vﬁﬁ
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16) Which of the following compounds listed below would you expect to give the greatest
percentage of para-product when subjected to ring nitration?
S,de,r]' (’“[Iy h;ﬂ&{rs

Os_H
or tho laas:-)‘—»‘/h-

CO,CH;  CHs
\J."“’C’\’“ — flﬂlr 3(1“1”»/1-

5] 0
4) 5)
5{7\' m-y}'w:.

17) What is the major product produced in f;e following reaction?

L_?
90/ “@fi Jii &1
©\)i1)L|N(CH (CHy))z (LDA)
(e} O )(CH3)2CHBF
LA @f%
/_ﬁ___“/\/_\) 5

18) Which of the following compounds is less reactive than benzene towards ring nitration and is
also an ortho-para director? \PL’ o,P diceclae foeém 5) (e Pirs

NH3

19) What is the major product produced in the two-step reaction?
e

() P “‘?“ N
H €4 05 )Cj)\ /V( /@)\”/ )J\Q/\/@
Br,, FeBrg NaOH/heat
06 =7 6 > 7T
Q/ N *@W ot
—_— /\\/
20) Which compound reacts most rapidly with CH3NHNa'> e, @
NH, C"Hb N N~
O © O 8 ec leoph]
O2N Noz NH, YUw e [eaplf“ ¢
1) 3) J/ 4) 5)
+ o SJY(SY\ﬂ

FwG
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21) What is the majoyproductdormed in the foIIowing reaction’? ) O e.S’

yl B -
o) | _ 5
N “% CH3ONa/CH3OH 7 (> an J\) > J /\)\/
excess Br, \/\/ / be - f%.,-

HoZ 1

O CH,Br CH;  HO_Br cH, , OBr CH, ’/\
- \
O ﬁo tﬂo eok %biﬁ@ o
1)

22) The following reaction produces an mtermedlate WhICh is then reacted with an aIkyI halide. This
product is not isolated but treated with a dilute acid toGproduce the final product. What is the final

product formed? o ren &y i o
9 _" oo > Gy (S L <\
— N2 / ~
O/\//\.\N/\ {!{J \ 1) /\I/BI' & e -2 R /_3/
__H o intefmediate —————— 2 /-\/O&-
H* (catalyst) 2) H30* o
)
LJ L] (_/ 4 i e
S lcandcaadiv)
O)W gn
O
O/:/\/ O/Zﬁ/\ ) \ @ u
ny deo\y§ig
23) Which aldehyde or ketone can NOT undergo a self-condensation reaction When reacted with

sodium hydroxide? — need an ok corlom
0 o) %J \/““ h -~
. // o Y
H I
X % > Yo
© 2 6 & 5)
A) 1,2and 3 B)4and 5 @1,3and4 D)3,4and5 E)1and?2
Hoi—r
/¢=J

7/J~»-f

Mme
24) What is the major product formed in the following reaction? T/O
o E+
o) o=
S )Ol\/lol\ 1) NaOCH,CHg, CHsCHoOH Yme YV spme
OCH,CH; + -
M © O 2)He0" heat SN /\/"
'1 /g '
o) . 5(:02H —\ﬂ’“
OCH,CH;  HsCO,C O co.cH /
H3CO,C 2~ COzH
32 HsCO,C OCH,CHj ﬁj\( L Hozc/ﬁ/ \]/*159
CO,CHj
1) 2) 3) @ p °)
O
s ot 5/ L o
v oo—= \\\ / _.\/ — S N u_/\é
@ D — —Cog HZY & 5
qy oo o H o A

A antemar izatom \D
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25) What would be the expected product formed from the ester condensatiog reaction given below?

0 A ) (101\‘4 A\
1) CH3CH,ONa N - - 6 o
- o
T N\ T h
) H30™ (no heat) S~ ~ N ~
(0] S
o o 0 OH O + S0t
o
A 5 oo o o A 9 L~
O
26) What is compound C produced in the three-step reaction given below? (?/ 1
o) S _/’!(“fH oMz B4 S
pedus ° o D L
O)‘\C' LIAH(BUO), 78—~ “NH, )I\Cl ~ :
Et,O g NaBH3;CN ~ B pyridine -
H30* heat

SN

5)

%3@*&@&@&*

27) Order the following amines from strongest to weakest.

—
P

&

H o~
7 : I~
H,oN HoN Nﬂ P
A) 1>2>3 FLo )J\ ey
B) 2>3>1 ; C @
C) 3>2>1 NH, NO, HN'— NHp o pyH, ot
3>1>2 2) % S VH /gNH
H w -
F) 1>3>2 r va A
551N L
28) What is the product produced in the following reaction? 4 ?;:;;7::4 y
se 0 Cowny, aced
0 @
M 1 Yo 1)©5<\< ) 2) tho [
rO 7 7 Br 3 l/(yifo‘?‘ 54 @H o
~ SIS
— + 19 o]
No ot N
NH, o
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29) What is the final product produced in the following multistep reaction? NOTE: Workups have
not been shown. For each step a neutral species is |solated before going onto the next step.
~ 3 "V‘j‘(/r‘ WM

I’Lyﬁl’bk‘“fgé re&uu{'(‘d’\(\ ()
" -~ ¢
HeO"  LiAH, -78°C U MM 7NNy

CN
HZN/\/
heat "L Et,0 1 equivalence
>0
0 - ) 0 0] o
e N
H,N N
)J\N/\/\OH HZN/\/\OJ\ )J\N/\)J\H 2 N \([)]/
4O 2 "y ‘”
0 0 OH o}
o
AN J\ )J\N/\)\NH “NTON"0H )J\N/\/OH
H2N H H 2 H H
5) 6) © 7) 8)
6
|
o, P — )c Et
] v ot
Aire” R o
30) What is the final product produced in the following multist?ze—w HNE Ef
@ Vil
P >
0 Y.z oo S {\‘Dj\
—D
CI R )J\m AICI ATCI L
/ ? ‘ P > 1 =
yrldlne 2) H30" K
0 o 0
NH2 O NH2 O
)J\NH \)J\NH \)]\NH )]\NH
o 0
0 o) 0 0

1) 2) 3) 4) (E) 6)

31) Order the following carboxylic acid derivatives from most to least reactive toward a nucleophilic
attack on the carbonyl carbon: —

a) 1>2>3 or Or
@) 1>3>2 Y >
2>3>1 J"‘@
d 2>1>3 R //\V%$O 2)//\V)L )Lv/\\ NH,
e) 3>2>1 A
f)) 3>1>2 /0&;\\"” carbonyl corloon 3/06
0
{
P/’O,q, 2> LN | @y
p— o'y Dad et
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32) What is the product formed in the following 3 step reaction? ©° /“"}’

M‘”“ /eackive ’_J/”\/\y

HOCH,CH,0H (1 eq) 1) CHsCHoCHoMBr - H,S0,, H0 1
> 9 » o !
acid catalyst © 2)H;0* —
W \ ) 3 Fit C—HLW‘I}ﬂ)f

(‘OH J/D'uS O+

(o]

HO HO O\/\OH HO
/
-94/ y

\H\/\)é\ o \_\ Lhyddlysig
> KJ

33) In the molecule below which aromatic ring would react fastest towards ring nitration?

@ 10‘,3[417\-‘)

. s

=N =P m:f;.ﬂ‘
c;_
"9

34) What is the product produced in the following reaction?

OEt NaNHz OEt O é/& m
OEt2 30+

H(”Fv f
il /\M ° O _ Ha’e@
1) R/\/Dtt \’/ @‘-{) 9\.,/‘-_0 f —D h 3

y s vi, N/

35) What is the product formed from the crossed aldol reaction given below?

0
] 0 oH
o) O 1) CH5CH,ON 20,
. : 2, ) CH3CH,ONa \H\fo OH
H H 2) H30" (no heat) HO H H H
D, 2) 3) 4)

0 =
@/*{ %0 Sn, o
H T 7 'H},D Ho/f\/\“'\
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36) The major product(s), of the following reaction, would be
g §
(o CO,H O,N  CO,H CO,H CO,H
HO,C—\ R H,SO, > Ho,C HO,C NO,  HOC
D_Eafu =0 1 2 ONe:
A) only1
@ only 2
only 3
D) A mixture of 1 and 2
E) Equal amounts of 1, 2 and 3
| | | | o, N
37) What is the major product of the following reactions? ]

Dmbl‘l\
1) Conc. H,SO,4, SO4 SO3H
2) Bry, AlBrg SO3H 5034—1
3) Dilute sto4 Lo L Beo
3

‘*--./ﬂ‘)/
< Ailuke e
38) What is the product formed in the following reaction? P50 éa H
OH 0 3
\ i J'
CHO 1) NaOCHy/HOCH3 _ ?ln/\/ﬁ\o/-\ 2 hy droly sis
&& 2) Hy0", heat e
0 ‘ ef o
i o) J\ I )“\/I‘\OH
H f
oJ\ " - “oH ° v
-~ ﬁ’
N
P KON
) 2) 3) O R
%) =
T
Mﬂt A f?\
V2~ 39) Which of the following reactions will not proceed to produce the product shown?
AN ¢ ~— i
OX\ ;;k' ~. o LI"‘ NH).-’NH‘L -\‘/
H —_
\_ 0 N _N__NH \
2\ "~o 2N\NJ\NH2 N * >y
@f& ~ —>H H o) Hz .-N"Ie'
~— 5
L‘} @ 2) H;0* / AR ¥
o) VR
H‘\:M/K
@) o~ /(
0 ~ I oo L
o 2) H;0*
N
(v}
| s 1
/*/'\f;- /\)HO/‘\_ HOLHS

\
I\
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40) What is the product formed in the following reactions? /INL S Cuen
T~ ~ L)tu
NH, D oo = s
1) HCI, NaNO, Bry =
- 2?2 7
OO 2) CuCN "~ FeBrg £AS /&\%
occiarrl EU(’

f,,,/,owiﬁ are possible
low'f’ ,,rw(ﬁ Sne given

41) Choose the diene that would produce the most stable carbocation intermediate upon treatment
with HBr
WO /\@7/\/(-) N /J\J 2

m resenanck

NH, CN CN NH, NH> W*hiS/ Lewehiveds
_ activerss
on ol ffered
Br CN Br Br Br
1) @ 3) 4) 5)

4)
)\ 0 T b’
S / \y --\< p’ s bi LA
-sl’
42) The following crossed aldol condensation reaction was completed by combining the ketone the
aldehyde together in a flask then adding the base. This was a poorly designed reaction because

it produced many different products. How many crossed aldol prodgcts could thls reactio
produce? 0 u
> . o) NaOH ,\ - l\h 5>
( \uk ¥ EE—— ‘///J 7 /'\ /)
H EtOH, H,0 P { a
/(f 4~/- . d :)m "
at N ﬂ’@ S 7 Ny —\@
A)2 B)3 C)4 D)5 F7 G)8 /\="\H
—
43) What is the major product produced in the following sequence of reactions? J 2

/\ 0
5 . f .
A 1) NGB 2000 , 1) LDA, THF, -50°C ) o -5
\ ] ———— : =
Br 0 7] o‘j (>
2) G | con Cg

snk Q/j
L
(6] &)
I
;ﬂ/\ VA

1) 2) 3) 4) ~#\. /\/
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44) Which of the following reactions will produce the given products in good yield?

(-107 0 o -,C:r' C\oqg{m conden Sa,"‘r‘dk
- o
79 ~
O/+/ @/1)NaOMe, MeOH 07 5 need vo kydroa&n;
1) u 2) H30* \ to shif 2 toproclucts
t bl
room f\mjrd) b [ pase o (O) two & hydrogens but
/\)_h;o o hysrdgens ow boase does not Mmatel
) NaOMe, MeOH 0
/\ - > ‘B esdev Wounld alss
2) H30 Preduce methyl ,¢le .
room temp Me \) ”
Y eme.-
o o fﬂ?"’l“’l‘ts" S o ) '
. \-_ e“/ 1
O 'y o~ 50 > /\/\)J\ /\% - - éﬂ”f:—.;)
heat "o on 2
» %

A)l,2and3 B)land?2 C)land3 D)2 and 3 E)onlyl F) onIy 2 @only 3

45) What is the product of the following reaction?

NAS
@ NO, NO, NO, oJ
100°C o™
@ 2) 3) 4

. . . . ]?5 2 /"H——l-&_
46) What is the major product formed in the 4-step reaction sequence? A~ S~
’ o S+ A[-’“e_(_,lvaf
I
1) \)J\CI . AICl; 6\ ~
2) H,0 NO, NO, NO, 1
2
@ - 2) > Y
3) HNOg3, H,SO, Vo2
HN NH,
4) H,NNH,, KOH wo £
jz.‘.c]vmew
NO, r e duwckio~

NO, NO, NO,
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47) What is the final product formed in the following sequence of reactions? @
A L /N

NHCOCH
3 OH 0

PN 1) H2804H0 1) NaNO,, HCI NHESHy
> ? > > 7 |
Conc. H,SO, heat 2) H3PO, ~—A
SO-H 2) dilute NaOH o |
NH,

SOHY\@Y \©/k \<ﬁ/k r\ci Yo
K_/fﬂi ID[ < k/

48) Which of the following reactions would occur as written? Select all that apply.

£ €A

SOzH
1) 3)

«
12 o ) CH3CH,Li X
z,-“”wfcﬁ) (/ \5 CHsCCI % @ ”N iahadicod N v
v K sncl, 37 )2)H,0
CH,CH,

2) | \/ Br,, FeBr3 O\X ﬂbr
- / e >N y 1/
2 TEeh, @
3 L/ s

02N 1) CH4CI, AiCl; O2N CH,

3) >
2) H,0 = ceded . crafis o q.d
i A Tre ) biaene 16 des cAivet

NO, NO, Adoes ’f['EJ‘ & ceAnn ul"'u\

49) When considering the mechanism of the reaction shown below, which of the following is most
likely an intermediate along the reaction pathway?

r‘d
!N’PBF /»-..,HG)/WH[E’-‘*

& T -
©/ 1) NaOH/H,0/340°C/150 atm OH (/juj S N
> ~— '

2) H*, H,0O

1)@ 2)@ 3) Br@ O’OH

50) Which of the following compounds would have a *H NMR that would show only two peaks, with
one absorption peak & 7 ppm and the other at 5 -1 ppm? (Jo y

Vlew[f shiel

/6T CH, CHCl,
Nnot H p ~h
Al W\m Q\(_ﬁ ©/

!L/'Tr/ \ &PQS ‘,’(‘/(
"‘fmi'-z--FI”L'r
Nn=5




Total of 60 questions Chem 267 Final W2020

51) Using the IR spectrum shown below; what is the most likely structure of the compound?

LoD

TERNSHITTRNCE] %1
3
1

no
Cor\orfw\.ﬂ 1059 639

T T T
4000 3000 2000

HAVERUNBER

T T
1500 1000 500
1=l

1) /%N @/\/\OH 3) HO%& 4) /\%@H2 5)%%

52) Using the IR spectrum shown below; what is the most likely structure of the compound?

LoD
n e

g —~0 "

E 50 — f‘) H ,1-,;-\(1 \ L

g 3070

A
~C
(1 664 1464
2220
0 2976 do -«Jo le 100"““*‘g 142
4000 ! :\0‘00 1sna

@/\/\\\N 2) /%OH 3)

HAVENURBER! -11

~ J)lo

13
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53) Match the IRs to the compounds.
IR-1 IR-2

Xz

. ‘ D@ cyclohexanone
mare §ingle

bpn/ Mf‘;«&"f <

longer bt (\/’ Cﬁ@ TR

2-cyclohexen-1-one
o

|6 wer ibre ki

Prﬂqy\ff‘fﬁf
IR-1; cyclohexanone IR-2; 2-cyclohexen-1-one
B) IR-1; 2-cyclohexen-1-one IR-2; cyclohexanone

54) How many signals would you expect to find in the 'H NMR spectrum of malonohydrazide?

C g}ﬁ @?6 c
A) 2 C)4 D)5 E)6 H,N=NH-C—CH,—C-NH-NH,

malonohyydrazide

55) Predict the multiplicity of the indicated hydrogen?

A) Singlet o~
B)  Doublet NP R
Triplet g
Quartet '"/T h
E) Quintet o
F) Sextet Sces > oL 17 et

G) Doublet of doublets

56) What splitting pattern would Ha exhibit? o 'Hm. q/[ Lent L“/A,Q 5215
r g) Singlet H b are /LboL C’l’ll v C“'“ /
" Doublet _ e u|]mu*~l"+

c 3/) Triplet =

9 Quartet H, H,
= Doublet of Doublets H b

57) Which of the following protons would be deshielded the most?

@Ha [rok ~ Lk

H Hd
B) Ho i

C) He

D) Ha ﬁ O
E) He

74H

HC

H

(]
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58) What is the index of hydrogen deficiency if the molecular formula of an unknown molecule is

C12H1602? 0 "
Iapg TN OxXygerm Ases no +—
A) 3 B)4@ D)6 E)7 Je—te— o _ s Chemge A
-

59) Match the *HNMR with the following compounds.

_ triplet
singlet NMR 2 triplet
NMR 1
quartet
singlet
quartet
T T T T T T T T
T T T T T T 9 8 7 6 S 4 3 2
S 4 3 2 1 0
s inglet we L odeshiddd
down fe o h [ triplet
o~y HOT"0H NMR 3
5 £ om n?y
1 1."“"’\ singlet
U MmIL- X
0O quintet
Il
I = V|
i\
(0]
3
| : N Lme S MR |
s s 4 3 oz 1

A) Compound 1:NMR 1, Compound 2 : NMR 2, Compound 3 : NMR 3
B) Compound 1:NMR 1, Compound 2 : NMR 3, Compound 3 : NMR 2
C) Compound 1:NMR 2, Compound 2 : NMR 1, Compound 3 : NMR 3
d Compound 1 : Compound 2 : §@MR=¥ Compound 3 : MR
E) Compound 1:NMR 3, Compound 2: NMR 1, Compound 3: NMR 2
F) Compound 1: NMR 3, Compound 2 : NMR 2, Compound 3 : NMR 1
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60) Match the *H NMR with the compound given below that has the molecular formula C1,H160, and
a carbonyl IR peak at 1741 cm™.

0
multiplet doublet
1) YO (5) (6)
0
O\)\
2) singlet
0 (2)
M doublet
3) 0 4 —_—
7 (2)
P‘, xnpnt{f
@ 0 - = d no:et
0 YS9 peshi el (1)
4+ o
o nekt to orve _.J\.._ \ m J‘L
5) ~
0 | N O B S R e L S B S B S S
3 8 7 6 5 4 3 2 1 0
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Some Characteristic infrared IR absorptions (cm-1)

Group Frequency Range (cm)
Alkyl C-H 2853-2962
1350 - 1470
Alkene C-H 3010-3095
Alkyne C-H ~ 3300
Aromatic C-H ~ 3030
Aldehyde C-H 2700 - 2740
Alkene C=C 1640 - 1680
AromaticC=C 1500, 1600
Alkyne C=C 2100 — 2260
cC-0 1000 - 1300
cC=0 1690 — 1760
Alcohol O — H 3610 — 3640
Phenol O — H or 3200 — 3600
Carboxylic acid O — H 2500 — 3500 (broad) often overlaps C-H
region
C=N 2200-2260
N-H 3300 - 3500
N-H 1640 — 1620
Some approximate 1H NMR chemical shifts
Sugars Type of Proton Chemical Shift (1,
ppm)
CHO CHO 1° Alkyl, RCHjs 0.8-1.0
alon  Ho—l—n 2° Alkyl, RCH,R 1.2-14
3° Alkyl, RsCH 14-1.7
HO——H HO——H Allylic,  R=c=c-R 1.6-1.9
H——OH H——OH R CH,
S I T Ketone, RCH,COCH,R 21-26
l etone, 2 2 A =2
CH,0H CH0H Benzylic, Ar-CHa 22-25
K Acetylenic RC=CH 25-3.0
D-Glucose D-Manose Alkyl iodide, RCHl 3.1-33
CHO CH,OH Ether, ROCH3;R 3.3-3.9
H——o0n S Ester, RCOOCH;ZR 35-45
Alcohol, RCH,-OH 3.3-4.0
HO——H HO——H Alkyl bromide RCH,Br 3.4-36
HO——H H——OH Alkyl chloride, RCH,CI 3.6-3.8
H——OH H——o0H Vinylic, R,C=CH, 46-5.0
CH,0H &, Vinylic F‘|;>C=C(RH 52-5.7
D-Galactose D-Fructose Aromatic, ArH 6.0-9.5
Aldehyde, RCH,COH 9.5-10.5
Alcohol hydroxyl, ROH 05-6.0¢%
Amino R-NH; 1.0-5.02
Phenalic, Ar-OH 45-7.7%2
Carboxylic, RCH,CO.H 10-132

@ The chemical shift of these protons vary in different solvents and with temperature and

concentration.
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H Periodic chart
2.1
Li Be B C N O |F
1.0 1.5 2.0 25 [3.0(35(4.0
Na Mg EIectronega.t.isLiJ;\> Al Si P [S |CI
0.9 1.2 1.5 18 (21|25 (3.0
K Ca |S |Ti|V |Cr |Mn|Fe |Co |Ni Cu | Zn Ga Ge |As | Se | Br
082 |10 |(c |1. (1. |17|16 18|19 |19 |20 |17 |18 20 |22 |26 2.8
1. |5 |6
4

Some® Characteristic infrared (IR) absorptions (cm™)

Frequency (intensity®),
shape)

Functional group

3500-3600 (m, sharp)

Free O-H of alcohol stretch

3400-3600 (s, broad)

Hydrogen bonded alcohol stretch

3400-3600

Phenol O-H like alcohol stretch

3300-3500 (m)

Amine N-H (1° -2 peaks, 2° 1 peak) stretch

3300 (s, sharp)

Terminal alkyne (-C=C-H) stretch

3000-3100 (w to m)

Alkene and Aromatic C-H stretch

2500-3400 (s, very broad)

Carboxylic acid O-H stretch

2800-3000 (s, sharp)

Alkyl C-H stretch

2700 and 2740 (m, sharp, 2)

Aldehyde O=C-H stretch

2700-2300 usually blank

Nothing organic in this region

2100-2260 (w to absent)

Alkyne (-C=C- asymmetric), nitrile -C=N

1670-1800 (s to very strong)

Carbonyl in ketone, aldehyde, acid, etc, etc

1625-1689 (m to zero)

Alkene (C=C, asymmetric)

1500-1600 (variable)

Aromatic (C=C)

1350-1475 (m, several
peaks)

Alkyl C-H bending

1400-600 many and variable

“Fingerprint” region with many peaks for
various functional groups

<600 (usually not plotted)

“heavy” atoms, like chlorine

(a) A proper set of tables would be 10-15 pages long (b) S = strong, m = medium, w = weak

Some approximate 1H NMR chemical shifts

Type of Proton Chemical Shift (8,
ppm)
1° Alkyl, RCHs 08-1.0
2° Alkyl, RCHzR 1.2-14
3° Alkyl, RsCH 1.4-17
Allylic, R;C:C<R 16-19
R CH,
Ketone, RCH,COCH:R 21-2.6
Benzylic, Ar-CHs 22-25
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Acetylenic RC=CH 25-3.0
Alkyl iodide, RCHal 3.1-33
Ether, ROCH:R 3.3-3.9
Ester, RCOOCH2R 35-45
Alcohol, RCH,-OH 3.3-4.0
Alkyl bromide RCH2Br 3.4-3.6
Alkyl chloride, RCHCI 3.6-38
Vinylic, R,C=CH> 46-5.0
Vinylic g,‘GT—ZC<§J
Aromatic, ArH 6.0-9.5
Aldehyde, RCH,COH 9.5-10.5
Alcohol hydroxyl, ROH 05-6.02
Amino R-NH; 1.0-502
Phenolic, Ar-OH 45-7.772
Carboxylic, RCH,CO2H 10-132

@ The chemical shift of these protons vary in different solvents and
with temperature and concentration.

H Periodic chart

2.1

Li Be B C N

1.0 1.5 2.0 25 |3.0 |35 |40

Na Mg EIectronegatJ-\Lin/\> Al Si P S cl

0.9 1.2 1.5 1.8 21 (25 |3.0

K Ca Sc|Ti |V |Cr | Mn |Fe |Co Ni Cu | Zn Ga Ge As | Se | Br

0.82 1.0 1. 1. |1. |17 |16 |18 |19 1.9 20 | 1.7 1.8 2.0 22 |26 |28
4 |5 |6




