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Multiple-choice Questions
(‘ hoose the best answer among the choices provided. Mark your choices clearly in pencil on your
Scantron sheet and circle your choices below.

I What clementary step is depicted in the figure below?

~NH,

G o-SicHy, 2 @
o Aoy ——> o )I\/CH3 NH, S(CHy),

Beta-elimination ([Ep])
Bimolecular elimination ([E2])
¢. 1,2-Rearrangement ([1,2R])
d. Bimolecular nucleophilic substitution ([Sx2])
¢. Nucleophilic addition to a polarized pi bond ([Adn])

2. What localized MO interaction is depicted in the figure below?

/

\ \/’\
Al
H - es H Hac/ﬁ(s? — A|H3 CH3CH3 Bre

. T — o*
c. n —o*

d o—a
e. T—a

3. Which of the following molecules is the strongest base?

s©

s
O O, A, WL
HeC” 87 NCH, SO HC” “CHy  HeC” “CH,
6 7 8

9 10
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4. What stability factor is most relevant in comparing the basicities of the anions below?
HaC CHg
H,e” ~0©  ©OpH
a.  Electronegativity of charge-bearing atom(s)
b. Resonance delocalization of charge
¢.  Hybridization of lone-pair-bearing atoms

d. Inductive effect
Steric effect

5. What is the stereotopic relationship between the groups highlighted in blue below?

OHC

HO OH

2. Homotopic
Enantiotopic
c. Diastereotopic
d. Constitutionally heterotopic
e. Prochiral

6. What is the stereotopic relationship between the faces of the carbonyl carbon highlighted in blue
below?

I/"'

Homotopic
b. Enantiotopic

¢. Diastereotopic
d. Constitutionally heterotopic
e. Prochiral

Predict the Products
Provide the major organic product for each reaction or sequence of reactions below. Clearly indicate the
configurations of all stereocenters, using a wavy bond (™ ) to indicate a mixture of configurations.
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"By

Ph  1.H0,

i P

8.
HyCO 1. PBrg MeO
2. NaCN
o e K
HsCO | Meo
9.
/CLHS HCI, THF )\ /L?
—_—
Ph”” “OH Ph O~ th
(2 equiv.)
10.
OH 1. NaH (2 equiv.) o~
OH 2 CH3ClI (1 equiv.)
g
11.
Acid-base Equilibria

Clearly circle the favored side of each acid-base equilibrium below.

PR, =-6.8
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oK, = 13.6

®
NH,

14. MexN NMe,

Synthetic Planning - .
Of the three problems below, choose two and provide a sequence of reagents that will accomplish the

desired transformation. Include all isolated synthetic intermediates, but do not draw curved arrows or
any reactive intermediates.

CH,

CH,
_—
/k/\ —_— CHj;
HsC Br H3C/S/
O_ _Ph
15. B A ~
j/ KOt By,

¥ HO"™~Ph
L H30% (cad.)

0 HoN OCH4
>—en —= Y
16. CN L

Wkl LiAlHy
OH

s
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0 /—CHs
. O
17. NH

{Joﬂ:Male '2 E}XZO

HZN\O _—

(/\I
2-KoH

Reaction Mechanisms

Draw a complete mechanism for each reaction including curved arrows and all reactive intermediates.
Valid resonance forms should be drawn, but drawing the best resonance form is not necessary. Each step
should be one of the ten elementary steps or a valid combination thercof

CHj

0O
g, Ph OCH,4 OCH,
H T ‘(\/ O\

), O oy & ‘Pv\D\(\
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Drawing Transition States
Each problem below shows an elementary step with curved arrows. Draw a transition state for the step

including all partial bonds and partial charges.

o HA As 5 *

© $
. ( 07 CHy H30H300>4NT| HeQ NTE
>=E§Ts HgG” ~CHy ”
HC

19
o"':l
HSC,‘ H CH; . .
2 CH +
HsC/% e Hac'gﬁ(m"’ St gr
20. H H H
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Having read the Georgia Institute of Technology Academic Honor code, 1 understand and accept my
responsibility as a member of the Georgia Tech community to uphold the Honor Code at all times.

Signature

There are 6 sections on 8 pages: the pages are numbered. Write all answers legibly and draw all

structures clearly with sensible bond angles. Blank pages for scratch work and supplemental tables are
included at the end of this exam.

Only pencil, paper, and a model kit are permitted—no electronic devices, including cell phones and
calculators.
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Having read the Georgia Institute of Technology Academic Honor code, I understand and accept my
responsibility as a member of the Georgia Tech community to uphold the Honor Code at all times.

Signature

There are 6 sections on & pages; the pages are numbered. Write all answers legibly and draw all

structures clearly with sensible bond angles. Blank pages for scratch work and supplemental tables are
included at the end of this exam.

Only pencil, paper, and a model kit are permitted—no electronic devices, including cell phones and

calculators.

Section . Score
| I. Multiple-choice Questions 70 120
z
I1. Predict the Products ‘ <70 120
1
| TIL. Provide the Reagents lJno
f‘ |
| IV. Short-answer Questions 1 2 /12
V. Synthetic Planning 15, /18
VI. Reaction Mechanisms 0120

Total

/100
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Multiple-choice Questions (20 points; 2 points each) ‘

Choose the best answer among the choices provided. Mark your choices clearly in pencil on your
Scantron sheet and circle your choices below.

1. Which of the following best describes the key mechanistic steps in the reaction of an acyl
chioride and an alcohol to form an ester?

a. Beta-elimination followed by nucleophilic addition
Nucleophilic addition followed by beta-elimination

c. Substitution (Sx2) followed by beta-elimination

d. Substitution (Sx2)

€. Substitution (Sx1)

2. For which of the following carbonyl compounds is the enol form most heavily favored?

o)
OH O o) Q o)
ch/k/u\ NH, H3C/U\OCH3 o H3c)l\H
2 3 4 5

1

3. A student performed a reduction of acetone with lithium aluminum hydride, but quenched with
ethyl bromide instead of acid. What is the major project of this process?

o 1. LiAIH,
/U\ 2. CH4CH,Br
—_—
H,C CH;
0 OCH,CH,4 oH
)k/\ C/kCHzCHs
H,C CH; HsC CH 3 CHy
6 7 8
0 OH

HaCH,CH,C” “CH,CH,CH, HgC/kCHs




CHEM 2313
Exam 02

Summer 2017

e. 10
4. Which of the following statements best explains why an ester is less acidic than an aldehyde?

a. The alkoxy group of the ester is more sterically bulky than hydrogen.
b. The alkoxy group of the ester is more inductively electron withdrawing than hydrogen.
¢. The ester lacks a hydrogen bound to the carbonyl carbon, but the aldehyde has one.
d. The ester lacks a carbonyl group. but the aldehyde has one.
The alkoxy oxygen donates electrons to the carbonyl group. but hydrogen is a much
poorer electron-donating group.

n

Which of the following choices correctly lists carboxylic acid derivatives from most to /east
reactive in hydrolysis reactions (nucleophilic acyl substitution with H;O)?

Acyl chlorides > esters > amides
0. Acyl chlorides > amides > esters
c. Amides > acyl chlorides > esters
d. Esters > amides > acyl chlorides
e. Esters > acyl chlorides > amides

6. Under which of the following conditions will an acetal react?
RO OR 2
B ——

R R

a. PhMgBr
b. CH;Li
H;O", H,0
d. (Bu),CuLi
e. NaOCHj;, HOCH;

7. Which of the following is the bes set of reagents to perform the reaction shown below?

) )
;,OH ;,OCHa
—_— I

a. CH;MgBr
H,S0; (cat.), CH;OH
C. NaOCH3

d. CH;3;0H, NH;
c. CH3I, HzSO4

8. Which of the following is not an electron-donating group?

a. —OCH;
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Surritner 2011
CHERM /81
Vawn tr]

| 1

!

CHO

( SCH Ly,
o NHCOCH,

.

Immgine yor nte working with a mixture of ethanol, acetic acid, and water in s closed flask

cattaining n sall stnount of acid, Which of the following interventions would promote the

spettations formmtion of ethyl acetate’’
0

M o 2 j\
L7 Som

",‘/ " ’4?{/ (/"‘

I Adding ethato)
I Metrrving acetic seid
M, Retnoving water

IV Larweting the pH of the mixtare

a. | only
b. 1V only
I and 1}
{ and 111
o 1L, and 1V

10. Which of the following transformations represents an oxidation at the indicated carbon”

O H M oM 0

‘. U'/
e s S

s
b, W7 Soom, m,c’ ’

“Om
MO 20
() —(

M0 /ocw,,
e e el
4 w,r/ oo, Hf;C/ “OCH,

#, yf/
£ i o e S .
e LT e He” S tiM,
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9.

10.

b. -NH:
-CHO

d -NiCH:)

e. -NHCOCH

l“ngim)'WﬂEWﬁng“ithameofﬁhszaoaica‘dimd.ﬁmina.chsedﬂast

containing a small amount of acid. Which of the following interventions would promote the

Spontancous formation of ethy| acetase?
O

IV. Lowering the pH of the mixture

a. lonly
b. IV only
c. landl
I and ITI
e. LIMl.and IV

Which of the following transformations represents an oxidation at the indicated carbon?

o0
§ .
a

O

i H,

~ ——» :
b, HC” TocH, H.C” o
EO:':!,OH o___O
- P -
Chngl
|" —_— \,-Iw'-‘s
d HgC/ "\OCH3 HgC/ \CBHG
He “,
o EE—— C
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Predict the Produc
Provide the major ¢

Is (20 points; 4 points each)
rganic produc > i . i
ganic product for each reaction or sequence of reactions below. Clearly indicate the
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Provide the Reagents (10 points; § points each)

Provide the set of reagents necessary to complete the transformation shown. For reactions that require
sequential addition, use numbers (*1. ...; 2. ...”) to indicate the order of addition.

PhaP=Th on SR PPhy ; B Ph s bASe
O ] ¢
(Y) _"’, 1‘_\#'- (,‘ f-\‘:.v( {\“’%‘.‘.‘(:,
\3\%? ~~phbasg / ~L W1S>NY
> -7 wissing Uh;
6. LY

L
o SOC\L

1 - 1

17 HC” ToH HyC” Cl

Short-answer Questions (12 points; 4 points each)
For cach question below, provide the requested structure or mechanism.

18, Humulone is a bittering compound present in hops. An abbreviated structure of humulone is
provided below. Draw a tautomer of humulone that contains four carbonyl groups.

e P

~1 DY WS
w LR l.\,‘_n;;'_,w.

. Y
T R | - P J
LOVDORNY Y

uoR
oo Lo
. -2 euerything
HO OH G ‘J j s hed
HsC 5 l/\l “ﬁ RO K h
o O

R CH,y
OH
CHy O 0 tautomer of humulone

19 Draw the structure of a ketone that will give different products upon treatment with LDA or
NaOCH; followed by methyl iodide.

ov any ketowne l.o/ distingt sets oF
O x-hy mé@\g with diffevent
b e . YA
H;ﬁ\‘ )\\C\—\, Subgtituhon patte
CHy

-l esrey

Ketone VRPN

P g ™ i
VUYL VO STevecacdhewn STy

|
¥
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) ~ . , : ical
20. ;:t?vc.a‘jbon}’l ¢Ompound below was prepared as a single stereoisomer, but quickly lost 1t§ Z;I—)rt(;ifs
1ty when placed in solution with sodium methoxide. Draw a mechanism with curve
that accounts for this ob >V

O

1 b T-Ta ";if!":ra’.
Servat]on_ __7‘ C ‘.‘1,.\'»4, !‘l{"‘ __‘(,:/.‘, M VA VY
O < T N oy
i ~Ad (Hlown o -
CHy  NaOCH, K addinio Ve
N - 1 mSSinGg ' ¢
| ¥ .

\\CH3
S [V o
H‘f OCH, O »H—OCH \

O H
-i\ Q: CH'" —_— /“ <) CH5 —_— Z‘CH?

Synthetic Planning (18 points; 9 points each)

i ish the
Of the three problems below, choose fwo and provide a sequence of reagents that will accomp lish

. . . . . ed arrows or
desired transformation. Include all isolated synthetic intermediates, but do not draw curv
any reactive intermediates.

Br
o | :
21.
C

D al;HOAC MQ PL\

2 N NG

?T—B( NO‘ = (\’V‘C“ [,?\I\L;')Z‘HZO P{)‘\P\’\. l()

A
PhBv
0 Ho_ ©

Bra -~ é p——

2 O e @7\
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0
0
HSC/U\ o R ——— Hsc/lL '}I/CH3

CH k
° aV\h\de]‘dQ —_— QVYHC[&

23 .
U oR estey — - owiide
O HNMe, =
l
\—\3c/l ~al

Reaction Mechanisms (20 points)
Draw a complete mechanism for each reaction including curved arrows and all reactive intermediates.

Valid resonance forms should be drawn, but drawing the best resonance form is not necessary. Each step
should be one of the ten elementary steps or a valid combination thereof.

NTs o

H30* (cat.), H,O
e mbro- O mbevmoeculay
24 \‘\ Y2 TUW H‘r-':\’\*.;—‘;_\l" ‘:-’;.

. % _ .
Nt ™ U“L HNTS \\@ HBNT; on

~ loGical 7V

~| pey G

T_;, Il N e
Q <j -4 VQV &’\“\-;.3;3,-'1(} >\€\f

‘7 FL\ ‘ 'vu“.‘é(;\“bl '»‘\»ﬁlq{ﬂ.

teowediate
ok (B2 as fral step
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M\AlﬁFie ~choice

|\ E

2.A

3.8

4-D

S.8

6.C

+C

d- A

q6

10.A

Predict H\e Products

AR ,\ )YMO
@4 hae

O O"f

Q}\’\m\

13- ‘i‘\’
k-\,,,/?l"

4- hyC fi"“
NPk,

IS. MeO
( ( G“S
CH;
CH;
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Multiple-choice Questions (20 points; 2 points each)

ghoose the best answer among the choices provided. Mark your choices clearly in pencil on your
cantron sheet and circle your choices below.

1. Which of the following disaccharides is not a reducing sugar?

HO O K\ O, O ‘\\
?H R \OH n,, R \OH
HO - OH
~x:it]' Ho” 7 0 Ho” Y Yo
HO\\\\\' O 'IJ,O O OH OHO ~ ‘\\OH
‘\‘ 17 HO
HO' ‘OH HO ; OH
OH OH OH
gentiobiose jactose maltose
HO
HO™ “OH
OH
cellobiose sucrose
a. Gentiobiose
b. Lactose
c. Maltose
d. Cellobiose
Sucrose
5 Which of the following is a D-sugar?
OH OH OH o OH
¢ A OH
OH OH OH N OH OH OH
glucose erythrose glyceraldehyde fructose
a. Glucose
Erythrose
c. Glyceraldehyde
d. Fructose

€.

The answer cannot be determined from the information provided.

2
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3. Which of the following Fischer projections represents the a-pyranose form of D-mannose?

OH OH
OH OH

mannose R
HO—+—H H o]

HO——H HO ——H

HO ——H HO——H

H——OH H——OH
H——OH H—t—o—  H—0—

CH,OH GH,OH CH,OH

1 2 3 4

W N -

8 .

S The answer cannot be determined from the information provided.

4. Which of the following reaction classes best characterizes the hydrolysis of polysaccharides to
form monosaccharides?

a. Oxidation/ reduction
b. Addition
¢. Elimination

Substitution

c. Rearrangement

5. In the presence of catalytic acid and ethanol, which of the following hydroxyl groups undergoes
nucleophilic substitution?

OH
HO b
a
HO “OH
c d e
OH
galactose
. '—OHa
@ —OHp
c. —OHc
d. —OHq4
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6. Which of the following amino acids has a nonpolar side chain?

a. Serine
@ Glycine
c. Arginine
d. Threonine
e. Cysteine

7. Which of the following statements regarding protein structure is frue?

Nonpolar residues tend to cluster in the center of proteins while polar residues tend to be
found on the periphery.

b. lonic interactions are responsible for holding amino acid residues close to one another in
alpha-helices.

c. Proteins always consist of a single polypeptide chain.

d. It is more favorable entropically for oil to dissolve in water than it is for the two phases to
separate, because the distribution of molecules is more random in the former case.

e. Most of the surface area of a protein is associated with the active site.

8. A sequence of reactions leading to a dipeptide is described below. Select the answer choice that

correctly describes the structure(s) of the product(s). The N-terminus is designated “H,N-"and
the C-terminus is designated “—OH.”

Valine (Val) is treated with Boc;0 + DMAP followed by DCC, then serine (Ser) is added. The
resulting protected dipeptide is treated with trifluoroacetic acid to remove the Boc group.

a. HoN-Ser—Val-OH
b. H,N-Ser-Ser—OH
¢. H;N-Val-Val-OH
H,N-Val-Ser-OH
e. The process described would lead to a statistical mixture of all four possible dipeptides.

9. A generic polypeptide is shown below with three of the backbone bonds labeled and highlighted.
Of the highlighted bonds, which are capable of free rotation?

o ]
Jo H
N c >
R
“n
a. Bond (a) only
b. Bond (b) only
c. Bond (c) only
d. Bonds (a) and (¢)

Bonds (b) and (c)
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10. Which of the following amino acids is most likely to serve as one of the catalytic residues in an

enzyme?
a. Leucine
Histidine
c. Valine
d. Glycine
e. Alanine

Predict the Products (20 points; 4 points each)

Provide the major organic product for each reaction or sequence of reactions below. Clearly indicate the
configurations of all stereocenters, using a wavy bond (““™ ) to indicate a mixture of configurations.

O o CHy © oR Conjuqate
CH; O A B Conjug
o oo A e ™ ocd
HaC o _tBuo” 07 “orBu_ HiC A
NH, DMAP O_, NH
11. ® 0t -Bu
1.DCC
2. o)

O
) HZN\/U\OMe ALN/\/OM(;

-
OH N| o

12. NBoc BOC
O. _.OH /b\k
HO OMp
MeOH, HCI (cat.) »\io 2
HO\\\- -,'IOH »
‘OH
13 OH Wo Y
HO
< oM
5 A _sOH ; — AN
o
HO\Q; ] Hz0*, H,0 o O HO\) o
O_ 4O ’
HO -~ S oM o
HO™" “/OH OH
14. OH
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HO

HO ~ OH
SO NaBH . V )
o a
H Z

15, ° on HO  on
Short-answer Questions (30 points; 5 points each)

For each question below, provide the requested structure, mechanism, or explanation.

16. The enzyme a-amylase catalyzes the cicavage of a(1 — 4) linkages in polysaccharides. When
amylase operates on the branched polysaccharide amylopectin, it cleaves all of the 1 — 4
linkages, leaving only disaccharides containing a(1 — 6) glycosidic bonds. Draw the structure of

these disaccharides, which consist of glucose monomers. The structure of a-D-glucose is
provided for reference below.

/D“o 0N OO
HO OO" O
S T o
. e HOS K K
HO\ IOH HO\ Oﬂ 0\‘\
OH or

17. Provide the structure of the dominant ionization state of the amino acid glycine at a pH of 5.3.
See the reference table at the end of the exam.

@OLC/ \%m

18. Provide the structure of the dominant ionization state of the amino acid arginine at a pH of 9.4.
See the reference table at the end of the exam.

NR
N
NH,
19. Provide the structure of the dominant ionization state of the amino acid alanine at a pH of 7.4.

ChHs

saan

wil

©
Co,c” NN,

20. Reductions of aldoses to polyols using sodium borohydride go to completion even though the
cyclic forms of aldoses (which are unreactive toward NaBHj,) are heavily favored. Explain why
this reaction works despite the fact that the open-chain form is disfavored.

The Swall ameunt of opewn Sovm feSent s consuwmed b (M“B H‘t;, ©)
CauC';V\a move vew ot 4o ovm (bosed on Le. .C\/\&‘\“ﬁ\\@ 5“()\(\\/\0() .
This view open fovm s them consumed, et uwtil no TavI
matredal vewiains-
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Analysis of a Disaccharide (10 points)

21. Exhaustive methylation of an unknown disaccharide followed by acidic hydrolysis afforded the
methylated monosaccharides below.

O. .OH O. .OH
MeO MeO
MeO™" “"OMe MeO™" “OMe
OH

OMe

In a separate series of reactions of the unknown disaccharide, weak oxidation (using aqueous
bromine) followed by acidic hydmlys'ix afforded the products below.
(@)

HO co H
HO™ “OH HO™" oK
OH

Draw the structure of the unknown dlsauharidc. using wavy bonds to indicate locations where
configuration is ambiguous.

A
O\‘\ Ho - ””(, H
4/0v6

"o \\P)) ‘oM
Reaction Mechanism (20 points; 5 points each)

Glycosylamino acids undergo a reaction called the Amadori rearrangement under strong heating in
water (e.g., under cooking conditions). The problems in this section explore its mechanism.

22. The first stage of the mechanism involves ring opening of the glycosylamino acid. Draw the
open-chain form of the molecule shown.

o

H
CON
o O _sN<_CO-H \/Oz

OH O\r\
open-chain form (imine)

23. The next stage of the mechanism involves tautomerization of the open-chain form. Draw the
product of tautomerization, an “enaminol.”

Summer 2017
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HE o I
_
laulomerization’ ﬁ \/ N ‘\
oM

W S~——

A

cH

0

enaminol

24. The enaminol intermediate then tautomerizes in a different way to afford a ketone. Draw the
result of this second tautomerization,

HO
W
oH N - /COIF{
tautomerization 1\
— .

HO ~0
O

ketone

25. Finally, the ketone undergoes ring-closing to afford a cyclic hemiacetal. Draw the product of this
step, which forms a pyranose. Indicate ambiguous configuration at the anomeric carbon.

O 'W\OH
ring-closing HO
AN o\‘\
H o ‘_‘
pyranose

9
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[3 pKa Chart

conjugate base conjugate acid conjugate base
L L g _
sulfuric acid —" HS0, -10 g nitric acid HNO; =" NO, 1.3
®
@
3
hydroiodic acid e 9 3 tosic acid TSOH et TsO- 0.6
hydrobromic acid —> B -8 hydrofluoric acid HF  — 32
protonated —_—— " 73
‘ ketone P hydrogen nitride HNy ——— Ng 4.7
|
hydrochloric acid — -7 o -
carboxylic acids »‘\ H /u\ oo 4.8
protonated ‘ —_— NN 36 O
ether T
o protonated | — 5.2
carbocations —_— A -3 Py = NH NI
, carbonic acid HyCO3 = HCO, 6.37
proronated A —— A H 2.4 bicarbo
alcohol - o (bicarbonate)
B hydrogen sulfide HS ——» SH 7
07 . -

hydropiumion H'/ H H ™ H
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1,3-diketones

hydrogen cyanide

ammonium ions

phenols

bicarbonate

thiols

protonated
amines

cyclopentadiene

amides

)
>

conjugate base

0 o
/k)\ 9
———» IC=N: 9.1
(cyanide)
— s—:“,"\"\H 9.4
H
Sa—— 10
N /
— C03-’ 10-25
—_— /\_ 10.5
/H
— H;,C-‘N\: 10.6
H
—_— I:>—"-H 15
(aromatic)
0.
e - 1§
N

water

primary alcohols

tertiary alcohols

ketones

esters

alkynes

hydrogen

ammonia/amines

SPIdE 15aNEaM

alkanes

Summer 2017

conjugate acid conjugate base
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CHEM 2313

Exam 04

Amino Acid R -NH;" | -CO,H | Side chain | pl
Glycine, Gly -H 9.78 |2.35 — 5.97
Alanine, Ala -CHj 9.87 {235 - 6.02
Valine, Val -CH(CHs)» 9.74 12.29 - 5.97
Leucine, Leu CH>CH(CH3), 9.74 233 — 5.98
Isoleucine, Ile CH(CH;)CH,CH; 9.76 2.32 - 6.02
Phenylalanine, Phe | —CH, Vi 931 |220 ~ 5.48

H

N
Tryptophan, Trp 4; \ﬂ;\ | 941|246 - 5.88

—CH,—" 7 |
Tyrosine, Tyr -—CH.Z-{Z/_——\,;—OH 921 220 |10.46 5.65
! e
TJictidine iQ *

Histidine, His —CH2@ 933 | 180 | 6.04 7.58

N
Serine, Ser CH,OH 921 |2.19 - 5.68
Threonine, Thr CH(CH3)-OH 9.10 12.09 - 6.53
Methionine, Met CH,CH,SCH; 9.28 2.13 - 5.75
Cysteine, Cys CH,SH 10.70 | 1.92 8.37 5.14
Aspartic Acid, Asp | CH,CO,H 9.90 [1.99 3.90 2.87
Glutamic Acid, Glu | CH,CH,CO,H 947 |2.10 4.07 3.22
Asparagine, Asn CH,CONH; 872 [2.14 - 5.41
Glutamine, Gln CH,CH,CONH, 9.13 2.17 — 5.65
Lysine. Lys (CH;)sNH, 9.06 |2.16 10.54* 9.74

NH
Arginine, Arg -(CH )5-NH-C{’ 899 |1.82 |12.48* 10.76
NH,
NH

Proline, Pro QCO{ 10.64 [1.95 |- 6.10

* Refers to the conjugate acid.
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