Amino Acids and Proteins 28—1

Chapter 28: Amino Acids and Proteins

¢ Synthesis of amino acids (28.2)

[1] From a-halo carboxylic acids by Sx2 reaction

NH
R—CHCOOH E R—CHCOO™NH;*  +  NH,*Br
Br (IargseNzxcess) NH,

[2] By alkylation of diethyl acetamidomalonate

Q yH [1] NaOEt R , . .
C~N—-C—COOEt H,N-C—COOH ¢  Alkylation works best with unhindered
CHs  cooet  [ARX H alkyl halides—that is, CHsX and
[31 ;0% A RCH,X
[3] Strecker synthesis
i NH,CI e HyO* e
RO~ 4 R—C—CN & R—C—COOH
NaCN Y Y

a-amino nitrile

4 Preparation of optically active amino acids

[1] Resolution of enantiomers by forming diastereomers (28.3A)

Convert a racemic mixture of amino acids into a racemic mixture of N-acetyl amino acids [(S)-
and (R)-CH;CONHCH(R)COOH].

React the enantiomers with a chiral amine to form a mixture of diastereomers.

Separate the diastereomers.

Regenerate the amino acids by protonation of the carboxylate salt and hydrolysis of the N-acetyl

group.

[2] Kinetic resolution using enzymes (28.3B)

H2N\C/COOH (CH5C0),0 AcNH\C/COOH acylase HZN\C/COOH
i~ i~ 1~
HR HR HR
(S)-isomer (S)-isomer
—
HoN COOH AcNH COOH AcNH COOH
Yo (CH5CO0),0 ~c” acylase ~c”
4 4~ - 4~
R H R H R H
(R)-isomer -
NO REACTION

enantiomers enantiomers
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[3] By enantioselective hydrogenation (28.4)

R_ NHAc | AGNH__ _COOH  H0,"OH H,N___COOH
c=C C —_— C

/ \ * ”_ :—
H cooH RN donm d onm
S enantiomer S amino acid

Rh’ = chiral Rh hydrogenation catalyst

¢ Summary of methods used for peptide sequencing (28.6)

* Complete hydrolysis of all amide bonds in a peptide gives the identity and amount of the
individual amino acids.

* Edman degradation identifies the N-terminal amino acid. Repeated Edman degradations can be
used to sequence a peptide from the N-terminal end.

* (leavage with carboxypeptidase identifies the C-terminal amino acid.

* Partial hydrolysis of a peptide forms smaller fragments that can be sequenced. Amino acid
sequences common to smaller fragments can be used to determine the sequence of the complete
peptide.

* Selective cleavage of a peptide occurs with trypsin and chymotrypsin to identify the location of
specific amino acids (Table 28.2).

¢ Adding and removing protecting groups for amino acids (28.7)

[1] Protection of an amino group as a Boc derivative

RH R H
S [(CH3)3COCOL,0 W
HoN" " CO,H (CHsCHz):N  Boc—N"""CO,H

[2] Deprotection of a Boc-protected amino acid

R H

~ R
\ N CF3C02H \ \:H
EENTY or _C
Boc=N COH  TororABr  H.N" > COM

[3] Protection of an amino group as an Fmoc derivative

R H O 0 R H
N N \:
‘\ C a2CO3 C

_C SN - " - ~ _OH
HN \C/OH + ' CH,0~ Cl H,0 Fmoc—H >

I
(0]
Fmoc—Cl

o=0
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[4] Deprotection of an Fmoc-protected amino acid

\:
C.__OH 3
Fmoc—N~ ¢~ ~C..-OH
H ¢ HoN \9
0 o)

[S] Protection of a carboxy group as an ester

0 Q 0 Q
Il Il
C\ C\
H2N\C/C\OH CH4OH, H* HoN \IQ/ OCHj H2N\C/C\OH CgHsCH,OH, H* HoN \IQ/ OCH,CqHs
s i i H
methyl ester benzyl ester
[6] Deprotection of an ester group
? Q Q 0
HoN C. OH  H,N___C. Ho,N_ __C. H,0, “OH !
2 \IQ_/ OCHj —>H20 2 Q_/ OH 2 lq/ OCH,CgHs H2N\Q/C\OH
H R H R H R H,, Pd-C H/ R
methyl ester benzyl ester
4 Synthesis of dipeptides (28.7)
[1] Amide formation with DCC
R
VS E cc N oo
_C___OH , HaN___Cs D C._N__C
BOC—H ? + C:’ OCHQCGH5 BOC_H/ \%/ \IQ/ \OCHchHS
H R O WA

[2] Four steps are needed to synthesize a dipeptide:
a. Protect the amino group of one amino acid using a Boc or Fmoc group.
b. Protect the carboxy group of the second amino acid using an ester.
c. Form the amide bond with DCC.
d. Remove both protecting groups in one or two reactions.

¢ Summary of the Merrifield method of peptide synthesis (28.8)

[1] Attach an Fmoc-protected amino acid to a polymer derived from polystyrene.
[2] Remove the Fmoc protecting group.

[3] Form the amide bond with a second Fmoc-protected amino acid using DCC.
[4] Repeat steps [2] and [3].

[5] Remove the protecting group and detach the peptide from the polymer.
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Chapter 28: Answers to Problems

28.1
H CHs, o CHy H O H CHs o CH; H 0
S _C. S C. < R _C. R _C.
S~ TOH R~ TOH S~ TOH R~ TOH
H,N H H,N H H NH, H NH,
L-isoleucine
28.2
a. NH3+ b. NH3+ C. d. ITIH3+
|
(CH3)20H—é—Coo— (CH3)ZCHCH2—C|:—COO‘ E}COO‘ HOOCCH20H2—9—COO‘
! N
H H AN H
H H

28.3 In an amino acid, the electron-withdrawing carboxy group destabilizes the ammonium ion
(-NH;"), making it more readily donate a proton; that is, it makes it a stronger acid. Also, the
electron-withdrawing carboxy group removes electron density from the amino group (-NH,) of
the conjugate base, making it a weaker base than a 1° amine, which has no electron-withdrawing

group.

28.4 The most direct way to synthesize an a-amino acid is by Sy2 reaction of an a.-halo carboxylic
acid with a large excess of NH;.

8. Br—CH—COOH NHs HoN—CH—COO" NH,* €. Br—CH-COOH NHs HoN—CH-CO0~ NH,*
H large excess . CH, large excess CH,
glycine
NH; ~
b. Br—CH-COOH | HoN—CH-COO™ NH,*
QH—CH3 arge excess QH—CH3 phenylalanine
Gz Gz
CHs3 CHj3
isoleucine
28.5
CHj
CHgl i _ CH(CHg)CH,CHj
. —C— CH3;CH,CH(CH3)Br | . .
a. H,N—C—COOH alanine c. 3CHoCH(CHy) HyN—C—COOH isoleucine
H |
H
b, (CH3);CHCH,CI GH2CH(CHa), _
. H2N—C|:—COOH leucine
H
28.6
NOH o [1] NaOEt CH,0H
L~N—-C~COOEt HoN—C—COOH
CHs COOEt [2] CH,=0 Y
[B] H30%, A

serine
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28.7
o) o) o)
a. H,N—CHCOOH — & b. HN—CHCOOH  —> & c. HN—CHCOOH  — &
CH-CH;  (CHg)eCH™ "H CH, (CHg)sCHCH, ™ " "H CH, CeHsCH; ™ "H
|
CHy CH-CHj,
valine CHj3
leucine
phenylalanine
28.8
a. BrCH,COOH — NHs NH,CH,COO™ NH,* C. CHyCH,CH(CHg)CcHO [1INH4Cl NaGN _ H,N—CHCOOH
large excess [2] H3O0* CH(CH3)CH,CH3
H H
o [1] NaOEt o A [1] NaOEt h
b. CH3CONH (I) COOEt ————  H,N C|) COCH  d. CH;CONH—C—-COOEt ———————— HoN C|) COOH
Coogt  [21(CHa)CHCI CH(CHy), oot [2] BrCH,CO,Et CH,COH

[3] H30%, A [3] HzO%, A

28.9 A chiral amine must be used to resolve a racemic mixture of amino acids.

CH; H
a. CgHsCHaCHoNH, b, c. S d.
. KN SN
achiral CHsCH; 'NH,
achiral chiral
(can be used)
chiral
(can be used)
28.10
NH,. __COOH NH,. __COOH
C + C enantiomers
{- e
H CH,CH(CHg), (CHg3),CHCH, H
To begin: S R
Convert the amino acids into N-acetyl |[—> Ac20
amino acids (two enantiomers).
AcNH.____COOH AcNH.____COOH
C + C "
e e enantiomers
H CH,CH(CHg), (CHg),CHCH, H
S R
CeH
Step [1]: —> HzN\Q/ 6Hs
React both enantiomers with the proton transfer {- (R isomer only)
R isomer of the chiral amine. CHz H
+ +
ACNH\C/COO_ H3N\C/C6H5 AcNH.____COO~ H3N\C/CGH5
i~ {4~ e 4~ .
H CH,CH(CHy), CHz H (CHg),CHCH, H CH; H diastereomers
S R R R

These salts have the same configuration around one stereogenic center,
but the opposite configuration about the other stereogenic center.
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Step [2]: > separate
Separate the diastereomers. l l
ACNH\C/COO HsN\C/CsHs AcNH\C/COO_ HsN \C/CGHS
4~ {- i (-
H CH,CH(CHg), CHz H (CHg),CHCH, H CHz H
S R R R
Step [3]: > H,0, "OH H,0, "OH
Regenerate the amino acid
by hydrolysis of the amide. NHz\C/COOH NH2\C/COOH HZN\C/C,SH5
Z A +
1~ i~ {-
H CH,CH(CH3), | |(CHg),CHCH, H CHyH
(S)-leucine (R)-leucine The chiral amine is
also regenerated.
[ The amino acids are now separated. ]
28.11
H,N____COOH H
9OOH [1] (CH3CO)2O 2 IC_/ + CH3 \C/N\C/COOH
H,N—C—H P I g
i [2] acylase H CH,CH(CH O P
CH,CH(CHy), 2CH(CHs)2 (CHg),CHCH, H
(mixture of enantiomers) (S)-leucine N-acetyl-(R)-leucine
28.12
H NHAc (CHg2CH,  NHAc H,NCOCH, /NHAc
a. H,;N—CHCOOH —> ¢=C b. HoN—CHCOOH —s  C=C ¢. HoN—CHCOOH — c=C
| / \ | / \ | / \
CHs H  COOH CH, H COOH CH, H COOH
CH-CHj, CH,
CHg CONH,
28.13 Draw the peptide by joining adjacent COOH and NH, groups in amide bonds.
amide
o 0 (CHS)ZCH\ H o
Il I N H Il :
a.  HN-CH-C—OH H,N—CH-C—OH SN C C-terminal
?H‘CHE} CI:HQ /2( Il l'—_
. H,CH H
CHs CH, N-terminal H CH,CH,CO0
Val COOH Val-Glu
Glu .
amide
0 o) o) (CHg),CHCH,
I I I H H 0 H
b. HN-CH-C-OH  HpN-CH-C~OH H,N-CH—C~OH \: |H T \!
C N.._C Cc._ __OH
H CH, C|3H2 H2N/ S~ e TINT e -
Gly CH-CHg y I I ,
Z “NH i / CH, C-terminal
Nﬁ iHe, N-terminal y amide
His eu Gly—His-Leu JNH

N
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; 0 0 0
Cc. H2N—(|3H—C—OH H2N—(|3H-C—OH H2N—(|3H—C—OH H2N—CIJH—C—OH
e CHs CH-OH CH-OH
CH,SCH, CH, CHa
CHoSCH; gmide—__ CHs  amide
(';H2 H CHOH o
NN
N-terminal — H,N~ \9/ Nog \H/ \%;/ T ~on~ C-terminal
O H CH O H THoH
|
CHg
M—-A-T-T
28.14
/=N
CONH, HN%
O CHyH o)
HoN (”: NS H Il ? Ct|2\:H H C
B - B H I '
H CH, O H CH(CHy), H/.CH2 5 Hom,
| |
oy G G
CH,  Arg-Asn-Val CH, CONH,
NH R-N-V SH,
\ .
c Lys-His—GIn
4 NH, LY
HN”NH 2 "K-H-Q

28.15 There are six different tripeptides that can be formed from three amino acids (A, B, C): A-B-C,
A-C-B, B-A-C, B-C-A, C-A-B, and C-B-A.

28.16 The s-trans conformation has the two C’s oriented on opposite sides of the C—N bond.
The s-cis conformation has the two C’s oriented on the same side of the C—N bond.

? H 9
N\
HZN\ - /C\ /OH HZN\ /C\ /H
C N C N
I\ | Il I\ |
HH H HH _C.___OH
H 7 "C
H 1
s-trans 0]
s-Ccis

28.17

o) e v
HQN\E)J\H/\WN\)LH N\E)kOH

o o Y
HO/O/ leu-enkephalin
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28.18

o
T
wn
©]
.
zgo
I—-=2
/—CI
]
P
I
)

H o)
|
S
a. HZN\‘/\)J\ j\(N% g
N OH
COOH H o HON 1 EJL
. 2 Y\)J\N OH
glutathione I )

b. HS
(0] H (0]
| QJ\ The peptide bond beween glutamic acid and its adjacent
HeN ~N N OH amino acid (cysteine) is formed from the COOH in the R
[
H (0]

group of glutamic acid, not the o COOH.

COOH

P

o COOH This comes from the amino acid glutamic acid.

O

HoN ? - This carboxy group is used to form the amide bond in the peptide, not the a
2 OH COOH, as is usual. That's what makes glutathione's structure unusual.

COOH

glutamic acid

28.19
0 0

CGHS\N//gi CSHS\N
a. )\N CHs b. )\N

s N s~ N

from Ala from Val

28.20 Determine the sequence of the octapeptide as in Sample Problem 28.2. Look for overlapping
sequences in the fragments.

common amino acids

Answer:
Ala—LeuTyr |

Tyr-LeutVal-Cys
Val-Cys+Gly—Glu

Ala—Leu-Tyr-Leu-Val-Cys—Gly—Glu

28.21 Trypsin cleaves peptides at amide bonds with a carbonyl group from Arg and Lys.
Chymotrypsin cleaves at amide bonds with a carbonyl group from Phe, Tyr, and Trp.

a. [1] Gly—Ala—Phe-Leu-Lys + Ala
[2] Phe-Tyr-Gly—Cys—Arg + Ser
[3] Thr—Pro—Lys + Glu—-His—Gly—Phe—-Cys—-Trp—Val-Val-Phe
b. [1] Gly-Ala-Phe + Leu-Lys—Ala
[2] Phe + Tyr + Gly—Cys—Arg—Ser
[3] Thr—Pro—Lys—Glu-His—Gly—Phe + Cys-Trp + Val-Val-Phe
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28.22

Edman degradation gives N-terminal
amino acid: —Leu—_ - - - - -

Carboxypeptidase identifies the C-terminal
amino acid:

Partial hydrolysis
common amino acids

}
Ala—Seri-Arg
GlyrtAla—Ser

}
Gly—Ala—Ser—Arg

Leu—Gly—-Ala—Ser—Arg—___—Glu
or

Leu—__ —Gly—Ala-Ser-Arg—Glu

Cleavage by trypsin is after Arg and yields a
dipeptide; therefore, this must be the peptide: — Leu—-Gly—-Ala—Ser—-Arg—Phe-Glu

28.23
a. ? O
(CHs)chCHz‘ :H (CHs)onCHz‘ H HoN_ _C. .~ GeHsCHOH H* - /&';\
_C___0oH l(CH3);Cc0COL,0 ¢ oH 1C’~ - C~ "OCH,CgHs
eN CHOHN . Boe N 87 H GH(CHo) o
6 (CH3CHy)3 H i 3)2 H CH(CHg),
Leu © Val
new amide bond
(CH3)ZCHCH2‘ H 0 (CHs)2CHCH, H o
C. OH  HN_ __C. DCC Y oiR ol
Boc—N~ "¢~ o0+ C” “OCH,CgH CL~IN N
occ—N ¢ g 265 Boc—H/ \ﬁ; IC/ OCH,CgHs

CH(CH3),

H
J HBr, CHsCOOH
(CH3)QCHCH2 H

H2N/ \C Q/ OH |Leu-Val

0 GrcHy,
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0 0
e f che A HoN__C. ., CeMsCHOH H™ ¢
b. LN~ Cug-OH [(CH3)3COCO],0 C___oH /Q Z7>G7 7 OCH,CeHs
Boc—N - P 3
2 I (CHsCHp)sN P97 &C‘) 1 CH(CHg)CH,CH, 4 enicnon,cn,
Ala @ Tle

new amide bond
DCC CH3 H CHs H
2 I WMo

C._ _YN_ C. i C._ _N_ C.
Boc—N""C™ G OCH,CeHs Pd-C Boo—N""C /q/ OH
O H CH(CHy)CH,CHg O CH(CHs)CH,CH,
i ;
H,N___C._ CeHsCHpOH, H* 1
: IC—,/ OH ————— HZN\IQ/ “~OCH,CeHs
H -
H Gly HH
new amide bond
Q CHsz H
+ HoN &IJ DCC \N H (R OCH.C.H HBr
2N AN ¢ N & B
IC OCHCgHs Boc—N~ ¢~ \Q/ \N/\(”; 2LeMs CHyCOOH
HH H 8 {-~ H o
H  CH(CHa)CH,CH,
CH3 H
YR8 o
Ala-Tle-Gly | N~ ~o- N~ C

6 4= H 6

H  CH(CH3)CH,CHy
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0 0
CH I T
c. ~eH CHs H HN_ O, CMsCHIOH HY oy ¢
~C. . ~OH [(CH5)3COCO],0 _C.___OH i C”  OCH,CgHs
H,oN C Boc—H C 4 H

{-
Alg O (CHaCHy)sN @ 3 Gly HH

CH;z H
U : o Mt
D N Il _N_ N
@ * cC _C__IN___C. 2 Boc—N~ >C” ¢~ “OH
Boc—N~ "C C” TOCH,C¢Hs  Pd-C H S
H 1 4= O HH
CH3 H CH3 H
\: + A\
/C CsHsCH2OH, H ~
HoN \9/OH e s er s, HZN/C\(I%/OCHZCGHE,
Ala © o)
CHs H new ag;de bond
1 pcc  CHs H o["s H
+ H N/C\C/OCHZCGHS ‘é H & ‘é OCH.C.H H2
2 i BOC_N/ \C/ \Q/ \N/ \C/ AL Pd-C
(0] H I {- H I
O HH (0]
CH; H o CHs H
- H I \:
N C

new amide bond

CHs H o CHs H J 0 @

DCC 3 H Il \: H I
+ E—— /C\ /N\ /C\ C N\ C\ HBr
@ Boc-N o} > “e” 4Q/ OCH,CgHs

I AC H I CH,;COOH
O HH O HH 8
CHg H o CHs H 0
(N H I \: H I
/C\ /N C\ /C\ /N\ C

HoN ﬂ: \‘Q/ N C C”~ "OH
O H{H O HH

Ala-Gly-Ala—-Gly
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28.24

All Fmoc-protected amino acids are made by the following general reaction:

W R H
/C\ OH Fmoc—ClI \ 3 OH
H N - —_— N ONAS
2 ¢ Na,COg, Ho0 Fmoc—N" "C
o o]
The steps: H\ H (] base H\ H
Fmoc—N~ > H

- _C.___O—CH,-POLYMER
c [2] cl-CH,-POLYMER Fmoc—” ~c 2

I
(0]
a0
N
H ('c?
[21 DCC Fmoc—N\C/ ~OH
{-
H CH(CH3)CH,CH3
R & X o-ch,-poLvmeR N S
Fmoo—N" N~ e 2 e Fmoc—N._C. G O~CH,~POLYMER
o [% 0 : [~ "5
CH(CH3)CH,CHj (CHg),CHCH, H H CH(CH3)CH,CHj4
s
_C
JU]O Fmoc—N \C/OH
N H I
H  CH; H o
[2] DCC Y
Fmoc—H/ \C/OH
I
(o] [110
(CH3),CHCH, o H H H (CHs)chHCHz H o H H
H C”) \:H H Il \: [2] HF H.N &‘; \\: H (”: \C:
FmOC_N\C/C\ /C\C/N\C/C\N/C\C/O_CH2_POLYMER 2 \C/ \N/C\ /N\C/ \N/ \C/OH
% 2 -~ H ? H I
R TN S O Lo 8 1~ 0
H CH(CH3)CH,CH4 CH(CH3)CH,CHg

Ala—Leu-Ile-Gly

+ F—CH,—-POLYMER

28.25 Antiparallel p-pleated sheets are more stable then parallel B-pleated sheets because of geometry.
The N-H and C=0 of one chain are directly aligned with the N-H and C=0 of an adjacent chain

in the antiparallel B-pleated sheet, whereas they are not in the parallel $-pleated sheet. This
makes the latter set of hydrogen bonds weaker.
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28.26 In a parallel B-pleated sheet, the strands run in the same direction from the N- to C-terminal
amino acid. In an antiparallel 3-pleated sheet, the strands run in the opposite direction.

H 0 CHgH H CH H CH
N & oy 9 CH:’;H Ho \C: 9 H RZeQ H
H™ \IQ/ \N/C\C/N\C/C\N/C\C/OH \C/ \N/C\C/N\C/C\N/C\C/N\H
P I 1 4= | I Il | - T | y ‘.
HOMH 0 HeHs B o O H CHgH O HocH
/ | H O CHgH 4
i 3o goms L3 T gown
H™ \C/C\N”C\C/N\C/C\N/C\C/OH H \4(2/ \H/C\ NS ~C(~C o -OH
{7 H L - P o H %
H CHg 0 Hl CHj 4 5 H CH, O H CHg 0]
parallel antiparallel
28.27
a. Serand Tyr b. Val and Leu c. 2 Phe residues
H,N—CH-COOH  HpN—CH-COOH HN-CH-COOH  HoN—CH-COOH  HoN—CH-COOH  HoN~CH-COOH
C|>H2 CH2 (l'_:H_CH3 ?HZ CH2 CH2
OH _
CHs, CH—CHg
. . . CHj
S'dgﬁhgr'gﬁpvg'th side chains with only
OH C-C and C-H bonds van der Waals forces
hydrogen bonding van der Waals forces

28.28 a. The R group for glycine is a hydrogen. The R groups must be small to allow the -pleated
sheets to stack on top of each other. With large R groups, steric hindrance prevents stacking.
b. Silk fibers are water insoluble because most of the polar functional groups are in the interior of
the stacked sheets. The (3-pleated sheets are stacked one on top of another so few polar
functional groups are available for hydrogen bonding to water.



Chapter 28-14

28.29 All L-amino acids except cysteine have the S configuration. L-Cysteine has the R configuration
because the R group contains a sulfur atom, which has higher priority.

NH; NH,
The S atom gives the R group —' | |
a higher priority than COOH, HSCH2”)C\COOH R“)C\COOH
resulting in the R configuration. H T H T
3

With all other R groups, the COOH has a higher
priority than R, giving it the S configuration.

28.30
R COOH S COOH COOH COOH
a. Nz Nz b. : :
CH3>(:3<SH CH3>(:)<SH CHz=C=S S=C=CHj
CH3 ) CH3 . C:)H3 éHs
(R)-penicillamine (S)-penicillamine

28.31 Amino acids are insoluble in diethyl ether because amino acids are highly polar; they exist as
salts in their neutral form. Diethyl ether is weakly polar, so amino acids are not soluble in it.
N-Acetyl amino acids are soluble because they are polar but not salts.

ITIH3+ ITIHCOCHS
u“C \\\‘C
7 coor R >cooH
amino acid, a salt N-acetyl amino acid
H,O soluble and ether insoluble ether soluble

28.32 The electron pair on the N atom not part of a double bond is delocalized on the five-membered
ring, making it less basic.

HN-CH-COOH = HoN—CH-COOH

CH2 —_— CH2
o sp® hybridized N atom
7 INH 7 “NH,
:N£1 :N#
| When this N is protonated...  ...the ring is no longer aromatic. |
H2N—C|)H—COOH H2N—C|JH—COOH H2N—C|JH—COOH
CH, CH, CH,
HA
ZNH ZNH Z>NH 6 melectrons
N=/ pr%faetrr:ed =/ N
1 H H

|When this N is protonated... ...the ring is still aromatic. |
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28.33
H,N—CH-COOH H,N—CH-COOH

The ring structure on tryptophan is aromatic since
7 each atom contains a p orbital. Protonation of the N
HN T 7 HN atom would disrupt the aromaticity, making this a
N ;r less favorable reaction.

no p orbital on N

This electron pair is delocalized on the bicyclic ring
system (giving it 10 & electrons), making it less
available for donation, and thus less basic.

28.34 At its isoelectric point, each amino acid is neutral.

a , 000" b. , 00 c. , CoO" d. olelop
HgN—C—H HN—C—H HN—C—H HoN—C—H +
CHg CH,CH,SCH,4 CH,COOH CHoCH,CH,CH,NH,
alanine methionine aspartic acid lysine

28.35
a. [1] glutamic acid: use the pK,’s 2.10 + 4.07
[2] lysine: use the pK,’s 8.95 + 10.53
[3] arginine: use the pK,’s 9.04 + 12.48
b. In general, the p/ of an acidic amino acid is lower than that of a neutral amino acid.
c. In general, the p/ of a basic amino acid is higher than that of a neutral amino acid.

28.36
a. threonine b. methionine c. aspartic acid d. arginine
pl=5.06 pl =5.74 pl=2.98 pl=5.41
(+1) charge at pH =1 (+1) charge at pH =1 (+1) charge at pH =1 (+2) charge at pH =1
Hrj—(I)H—COOH Hsﬁ—cle—COOH Hsﬁ—cl:H—COOH HSN—QH—COOH
CH—OH ChHy CH, CH,
CH, CHp COOH CH,
o cHe
CHj NH
I+
C=NH,
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28.37
a. valine b. proline c. glutamic acid d. lysine
pl=6.00 pl=6.30 pl=3.08 pl=9.74
(=1) charge (1) charge (—2) charge (=1) charge
atpH =11 atpH =11 atpH =11 atpH =11
H2N—(|3H—COO‘ COO~ H2N—(|:H—COO‘ H2N—C|)H—COO‘
CH_CHs CH2 CH2
| | |
CH, HN CH, CH,
COO~ Cl)H2
e
NH,

28.38 The terminal NH, and COOH groups are ionizable functional groups, so they can gain or lose
protons in aqueous solution.

D CHz H O CH; H
@ HN—-CH-C-OH \: H i 4
CH, HZN/C\C/N\Q/C\N/C\C/OH AAcA
Ala 5 o on, " !
b.AtpH=1  “TeH 0 CH H

I -, H I
0] Hl CHs3 (0]

c. The pK, of the COOH of the tripeptide is higher than the pK, of the COOH group of alanine,
making it less acidic. This occurs because the COOH group in the tripeptide is farther away
from the -NH;" group. The positively charged -NH;" group stabilizes the negatively charged
carboxylate anion of alanine more than the carboxylate anion of the tripeptide because it is so
much closer in alanine. The opposite effect is observed with the ionization of the -NH;" group.
In alanine, the -NH;" is closer to the COO™ group, so it is more difficult to lose a proton,
resulting in a higher pK,. In the tripeptide, the -NH;" is farther away from the COO", so it is less
affected by its presence.



28.39

a- CH3OH, H+ |_!:,C;H20H(CH3)2

HoN™ " ~COOCH,
H ,CHZCH(CH3)2
{ H CH,CH(CH,)
~UN (0] : 2 3)2
FeN™ - "COOH " cHycoal, pyridine Id
leucine CHy "N~ \C/O
H I
o]
C. CgHsCH,OH, H* H PHeCH(CHa)
/C\
H2N COOCHQCGH5

H ,CH20H(CH3)2

/:C\
AcNH COOH

Ac,0, pyridine

HCI (1 equiv)

l'i ,CHZCH(CH3)2

+ _Co
H3N COOH

¢ H CH.CH(CHy),

NaOH (1 equiv)

C
H,N” " >coo™
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o H
_C. . .C___OH

H ,CHch(CHs)z
g. CgHsCOCI, pyridine f

He >N
s N ¢
o)

H ’CH2CH(CH3)2

h. [(CHg)3COCO]0
(CH3CH,)3N

Boc—H/ “~COOH

i. The product in (d), then H CH2CH(CH3)2

AcNH™ \%/N\Q\/COOCHa
O HH

j- The product in (h), then NH,CH,COOCH3; + DCC
H CH,CH(CHj3),
I " H
~C___N___COOCH
Boc—N C c’3
H I N\
O HH

H CH,CH(CH
k. Fmoc—Cl, Na,COg, H,0 i

Fmoc—”/ “~COOH
0

CeHs ‘N
)\ CH,CH(CHj3),

N
S R

|. C6H5N=C=S




Chapter 28—18

28.40
H CH,CgH
H CH,CeH - Q T FHCeHs
4. CH.OH. H* o 2t 9. CgHsCOCI, pyridine é'; 24
3V, A _C__OH
H:N"~ >COOCH Ces™ "N
H ,CHzceHs ? ° H o
c 0 H CHyCeHs
HN" " ~COOH T
2 ! CH,COCI, pyridine & B _on h [(CH3)3COCO],0 H ,CH2C6H5
phenylalanine Hs” °N c” (CH5CH,)sN C
H i 3bM2)3 -G
5 Boc—N COOH
H
H . .
C. C4HsCH,OH, H* :__,CH206H5 i. The product in (d), then
— c. NH,CH,COOCH3; + DCC  H CHyCeHs
H2N COOCHQCGHs ::, H
_C
AcNH \C/N\C(COOCH’J‘
1l =
O HH
d. Ac,0, pyridine H PHaCets j. The product in (h), then NH,CH,COOCH; + DCC
_C. H CH2CeHs
AcNH™ " >COOH -] " H
_C
BocN- O~ N~ -COOCH;
H Il A\
O HH
H CH,CgHs
e. HCI (1 equiv) H fHeCefs k. Fmoc—Cl, Na,COs, H,0 C’
EE— + C Fmoc—N"~ " ~COOH
HsN™ " ~COOH H
f.  NaOH (1 equiv) H CH.CeHs |. CgHsN=C=S CeHs /@
P N
~Ccoo- CH,CeH
HN~ " ~Co0 2¥675
s)\ N
28.41
NH _
a. (CHgz),CHCH,CHCOOH : (CHg)oCHCH,CHCOO™NH,™ + NH,"Br
Ll%r excess + NHsq
[1] NaOEt NHp
b. CH3;CONHCH(COOEY), 2] o HO CH,—-CHCOOH
C-0— )—CH,Br
CHj
[3] H30%, A
o} i NH,
c. )J\AA [1] NH,CI, NaCN )\M
o} o)
d. )J\A [1] NH,CI, NaCN )J\/\KCOOH
CHZ0 CHO  “arh.0" HO
NH,
CH,CH,CH,CH,NH
[1] NaOEt it
e. CHzCONHCH(COOEt), H,N—C—COOH
[2] CICH,CH,CH,CH,NHAC Y

[3] H50%, A
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28.42
. Asn . Hi LTr
a. As (”) b. His ? c.Trp ?
H,N—CH-C—OH H,N—CH-C—OH chis H,N—CH-C—OH CH,Br
C|3_O —> C=0 — Vi NH —
ll\IH llle Z “NH - 4 HN
2 N=/ N HN
28.43
OH
H
Q H [1] NaOEt CHCH,
C—~N-C—COOEt H,N—C—COOH
CHs COOEt [2] CH3CHO I
[3] H0%, A H
threonine
28.44
CrO4 NH3 + 5
a. CHsCHO BrCH,CHO BrCH,COOH H3NCH,COO
CH3COOH HzSO4, H0 excess glycine
o) [1] NH,CI, NaCN NH2
b. I CH;—C—COOH
CHy  “H  [21H0* H
alanine
28.45
o]
Bry o)
CH,(COOEY), Br—CH(COOEt), N—CH(COOE),
CH5COOH
A
B [1] NaOEt
[2] CICH,CH,SCH,4
0
H COOEt
i [1] NaOH, H,0O |
H2N—(|)—COOH N—C—COOEt
CH,CH,SCH,  [21H:O" A CH,CH,SCHg
D c
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28.46
-
H QEt 1 (/’*CHZQEHCOOEt o COOEt
A H < (1] o) ” 2] A i
C—N—C—COOEt N Hoe - C—N—C—COOEt
CH, ' NaOEt LN=G~CO0R * EOH CHs  GH,-CHCOOE
3 COoH CHs  COOE! 2?--
H péHz
+
\ (3]
HoN—CHCOOH H;O* Q COOEt
CH, A C—N—C—COOEt
éHQCOOH CHs CH,CH,COOEt
glutamic acid
+ H2Q
28.47
CH3\C/COOH CH3\C/COOH
e {- enantiomers
H OH HO H
R S
H,N_ __CgH
Step [1]: - - proton transfer i IQ/ i
React both enantiomers with the :>
R isomer of the chiral amine.

+
CH3\C/COO_ HsN.____CgHs

i~
H OH

R R

4~
CH5H

CHzH

e
HO H
s

(R isomer only)

+
CHS\C/coo—th\Q/Cﬁt

i~ i
CHaH diastereomers

R

These salts have the same configuration around one stereogenic center,

Step [2]:
Separate the diastereomers.

-

separate

|

J

but the opposite configuration about the other stereogenic center.

+
CH3\C/COO‘ HsN__ _CgHs
I s

+
CH3\C/COO‘ HsN\Q/C&%

B i - {-
H OH CHgH HO H CHgH
R R S R
J H3;O* \ H3;O*
Step [3]: —>
Regenerate lactic acid -
by protonation. CHs \C/COOH CHs\C/COOH .\ HaN \C/CeHs
{1~ {- i~
H OH HO H CH,H
R S

The chiral amine is

also regenerated as
an ammonium salt.
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28.48
"C, N > ) .
NH,”~~COOH H2N’C‘COOH enantiomers
S R
To begin:
Convert the amino acids into amino > CH30H, H*
acid esters (two enantiomers).
H CHj CH; H
3 + ~ r i
C. . enantiomers
H,N"~>COOCHS; H,N"~~COOCH;4
S R
Step [1]: H PH o
React both enantiomers with the |- proton transfer . (R)-mandelic acid
R isomer of mandelic acid. CeHs” ~COOH
H OH H CHs HOH  CHy
d Y g o
CgHs~ "COO~ HSN’C‘COOCHs CgHs~ "COO~ H3N’(;‘COOCH3 diastereomers

These salts have the same configuration around one stereogenic center,
but the opposite configuration about the other stereogenic center.

Step [2]: separate
Separate the diastereomers. l
H OH H CH H OH CH
- r “y 3 " F 3 ,H
_C. _ + C. _C. _ +.C.
CeHs 'COO™ HyN"~"COOCH; | | CeHs“COO™ HzN"~“COOCH;,
R S R R
Step [3]: = H,0, "OH H,O, “OH
Regenerate the amino acids
by hydrolysis of the esters. H OH
H CHa CHy H + "y
- g _C.
HaN"C-CoOH HoN"> COOH CeHs™ ~GOOH
S R The chiral acid is
regenerated.
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28.49
NH,. __COOH NH,._ __COOH
lC + IQ: enantiomers
H CH,CgHsg CeHsCH, H
To begin: S R
Convert the amino acids into N-acetyl > Ac0
amino acids (two enantiomers).
AcNH___COOH AcNH._ __COOH
lC + C enantiomers
H CH,CgHs CgHsCH, H
S R

Step [1]:
React both enantiomers with the
R isomer of the chiral amine.

-

AcNH \C/COO_ CH50

{~

CH30
S 3

proton transfer

brucine

ASNH. COO™ ¢y,
{-

CeHsCH, H

A CH40

diastereomers

Step [2]: ’ separate
Separate the diastereomers.
AcNH.___COO~ AcNH___COO~
p CH40 h
H CH,CgHs CeHsCH, H
S CHZ0 R
Step [3]: > H,0, "OH H,0, "OH
Regenerate the amino acid
by hydrolysis of the amide. NH,. __COOH NH,. __COOH
\C \Q
{- {-
H CH,CgHs CgHs5CH, H
(S)-phenylalanine (R)-phenylalanine

[ The amino acids are now separated. ]

The chiral amine is

also regenerated.




28.50
NH,

|
a. (CH3),CH—CH-COOH
racemic mixture

Ac0 acylase
27 , @acylase
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CchONH H2
b. L NHCOCHS; chiral
Rh catalyst
COOCH
COOH
c. N NHAc Hy “OH
chiral H,O
H Rh catalyst
28.51

CHSOD/\/COOH H,

_N CHg chiral

/1 H T Rh catalyst
(0]

CH;” ~0O A

28.52

CeHsCHz H
a. v oon 9

C___N__C
H,N~ ~Cc” "C” " TOH
T 3

O H CHs

Phe-Ala

CH,CONH,
Gly-GiIn

H,N_ __COOH AcNH___COOH
r * 5
H CH(CHg), H CH(CHs),
-OH HeN.. ~COOH
4"
H0 H' CH,CH,CH,CH,NH,
(S)-isomer
H2N\C/COOH
/’2 _.
H CH, (S)-isomer
J
N
H

CH30 COOH HO COOH
j@/\:( strong Ij/\\:(
H N_ _CH i ;
H Y 3 acid HO H NH,

o

/& 0 L-dopa

o

28.53 Amide bonds are bold lines (not wedges).

C-terminal

1 HSCH 0]

. CH: 3 Ho § 2\~H H &
— _Cw CupneN~c70H

HNTe” TSN
6 4= " O HonoH
CH,CH,CONH,
N-terminal

Ala-GIn-Cys—Ser
A-Q-C-S

H2NCH20H20H20H2 H O
R ¢
HH
Lys-Gly
d.  NH,C(NH)NHCH,CH,CH, H o
b
H,N~ ~c” C” TOH
I
o CH,
R-H
7 “NH
Nﬁ
2] (CH),CH C-terminal
HO,CCH, H S\ H ’ 0
\: H I S N__.C~
c N. _C. .C~n?'>c” OH
HN e TSN 2
o A O H CH,CgH,OH
CHoCH,CHoNHC(NH)NH,
N-terminal

Asp-Arg-Val-Tyr
D-R-V-Y
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28.54 Name a peptide from the N-terminal to the C-terminal end.

CHZCOOH C-terminal HH o N-terminal
H H CH H \N I e
a Vo 9 R b, HOOC~ (N Oy Cn NH,
H N/C\C/N\C/C\N/C\C/OH ::\ Il H 5\
2 T ré H T H QHz (0] H CHj
O HCH, © CH;
COOH :
C|;H2 Ala-Gly-Arg
Gly-Asp-Glu NH A—-G-R
G-D-E C

7
HN” "NH,

28.55 A peptide C—N bond is stronger than an ester C—O bond because the C—N bond has more double
bond character due to resonance. Since N is more basic than O, an amide C—N bond is more
stabilized by delocalization of the lone pair on N.

:bT
A Cl: Structure B contributes greatly to the resonance hybrid and
R™ " NH, R” QI\+IH this shortens and strengthens the C—N bond.

A B

28.56 Use the principles from Answer 28.16.

o CHs H o)
HoN /(%\ /‘C:\ _OH HoN /(l'.li\ _H
H CHz H (0] H CHj3 C.__OH
s-trans s<cis HSHS I
28.57
a. A-P-F + L. K-W + S-G-R-G
b. AAP-F-L-K + W-S-GR + G
c. A-P-F-L- K-W-S-GR + G
d A + PF-LK-W-S-GR-G
28.58

Answer:

o

—_— Gly—Ala—His—Tyr
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common amino acids

b, Lys-His l Answer:
HisyGly—Glu Lys—His—Gly—Glu—Phe
Gly-Glu+Phe

28.59

l common amino acids

Answer:

|

Tle—His —_— Arg—Arg-Val-Tyr-Ile-His—Pro—Phe

[le—His+Pro—Phe

28.60 Gly is the N-terminal amino acid (from Edman degradation), and Leu is the C-terminal amino
acid (from treatment with carboxypeptidase). Partial hydrolysis gives the rest of the sequence.

common amino acids

|

l Answer:
Gly—Ala-tPhe-His
Phe—Hisltle —_— Gly—Gly—Ala—Phe—His—Ile—His—Leu
TletHis—Leu

28.61 Edman degradation data give the N-terminal amino acid for the octapeptide and all smaller

peptides.
A B
G J: 5\ A N AB\: ﬁlu—LArg—:'/al—Tyr
: - : Ile-Leu—His—Ph
octapeptide |GIu—Arg-éVaI—Tyrwl—IIe—Leu—H|3|—Ph6 C: G?u—,zrug sTrhe
2 : D: Val-Tyr
cleavage with  ¢jgavage with
trypsin chymotrypsin | carboxypeptidase

Glu—Arg—Val-Tyr-Ile-Leu-His + Phe

28.62 A and B can react to form an amide, or two molecules of B can form an amide.

HH H o H (CH),CH, H
\s I DCC Vo § R VR TR
PLON HoN__Co ~Co )
Boc—N E/OH T lc_/ OH Boc—N ?/N\CJ\QH + HZN/C\C/N\CJ\OH
- ",’ I ~
O H CH(CHa), O | CH(CHy), o Honchy,
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28.63
R R
C. - C.
a. H2N\IQ/ OH CH30H, H H2N\IQ/ OCH,
H CH(CHg), H CH(CHy),
O

b. & CeH<CH,OH, H* &
HZN\IC,/ o W HZN\IQ/ ~OCH,CeHs
H CH,CH(CHs), H CH,CH(CHs),
o)
CH3)3COCO],0 I
C. NHZCH2COOH [( 3)3 ]2 Boc—H\ /C\OH
(CH3CHo)3N £
H H

O H CH,CH(CH,)
pce Hoon o p

Boc—N\C/C\N,C\C/OCHZCGHs
e H Il
HH 0

|T| 9 |T| Il
H
& (CHG)BCO\C/N\Q/C\OCH2CGH5 : (CHS)“CO\C/N\Q/C\OH + CgHsCHs
Pd-C I
H CH(CHs)2

o

product in (b) + product in (c)

i e
0 H CH(CHg),

?
HBr
H2N\C/C\

—

starting material in (e)

57 “OH
H CH(CH,),
?
CF5COOH N, G
2°>~c” T oH

Hl :CH(CHS)Z

CH3COOH

g. productin (e)

o] o]
I Na,COs I

h. r C\OH + Fmoc—ClI - C\OH
B H,O B

Fmoc

28.64

@)

Il

W [(CHz)3COCOL0 H H HAN o On gy CoMsCHOH HT

BN (CHiCHN )
I I H CHs H CH,

aly © &) © Ala
H = ~
(A)+ bce Yo R d HBr /\é\o

Boo—N c” \IQ/ “OCH,CgHs HoN
- CH3COOH I g
O H CHg 3 {




b.
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CeHsCHz H :
ks [(CHg)COCOLO _ CeMsCHz H HoN Oy SOCROR AL N CL o
M-S O (CHCHIN oo n-CngOH X £, e
N H CHoCH(CHa), H CH,CH(CHs),
o}
o
CGHSCHZ H fe}
\: H I HB CegHsCH, H
€. _N__C ' : it
+ DCC NN~ IS AN \: H Il
(a) BoemN™ §° [ OCHLeMs oy coon i SN e Cron
O H CH,CH(CHa), 2 I
O H CHch(CHS)g
Phe-Leu
i e ; ;
et \Cﬁ [(CHg)sCOCOLO  CHoCHCH  H HoN . Cw.,, CeHsCHOH H™ C/c'f\OCH o
. D : > 2Ls
NSO (CHACHN Boo—N~ ¢~ L on 4 5
él) H I H CHs H CHg
Ile @ Ala
9H3 ?Hs
CHscHch H
@)+ bCC o 9 He CH:CRCY H 0
/C\ /N\ /C\ Pd-C C H C
BOC_H ? Q: OCHchHS BOC_H/ \(H:/ ~ ‘/ \OH
(@] - ::
H T, ° H CHa
CeHsCH o
&' i:H CeHsCHp 1 CH3CH,CH H CGSSCH2
_C.___OH CeHsCHOH, H* S g o !
HN~ > G” s er HN/C\C/OCHZCGHS BOC_N/C\C/N\C/C\N/C\C/OCHZCGH5
| 2 i DCC H I 1~ H 5
Phe o H CHs
HBr
CHyCOOH
oM
CH3CH2CH\ H C%*SCH\Z H
. _RN._ & & _on
H2N/ \(I.T\/ \Iq/ \H/ \C/
O ¥ tH, o

Ile-Ala—Phe
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28.65 Make all the Fmoc derivatives as described in Problem 28.24.

CeHsCHz H CeHsCH; H
a \: [1] base \;
' ~SNar C.___0O—CH,-POLYMER
Fmoc—N" "¢ [2] ci-CH,~POLYMER  Fmoc—N""¢ 2
o 0
(Fmoc-Phe) (1] O \
N
H H (IC?)
Fmoc—N___C_
[2] DCC IQ’ OH
H CHxCeHs
CH (Fmoc-Phe)
(CHg),CHCH, 1y CeHsCH, y 1] CgHs :
‘C: H 9 3 H Fmoc H &l; \:
N” e NN -C C. _O-CH,-POLYMER -1 —N.._C_ _C._ _0O-CH,-POLYMER
Fmoc—N (o] TN\ TSN~ 2 c N 2
O 2} DCC_+ Ny
H CH206H5 ) (CH3)2CHCH2‘ :H H CH206H5
_C
Fmoc—N \C/OH
[1] H I
N O
H (Fmoc-Leu)
[2] DCC CH; H
+ ‘C:
Fmoc—N~ \C/OH
o (Fmoc-Ala) [110
(CHaCHCHz — cgrisen, N~ (CHaCHCH, CeHsCH,
H
H > H 2\ ] H I S H o \ !
— 3 N H.N I 3
Fmee N\Q/C\N/C\C/N\C/C\N/C\C/O—CHZ—POLYMER 12RF \Q/C\N/C\C/N\C/C\N/C\C/OH
Ao, & 4o H O den & [ H O
3 H CH,CeHs © H CHyCgHs

Ala—Leu—Phe—Phe
+ F—CH,—-POLYMER
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GHa CHa
CH3CH,CH H CHaCH,CH H
b ANE [1] base S

_C___OH _C
Fmoc—H ~C [2] cI-CH,—POLYMER Fmoc—H >

_0O—CH,—-POLYMER

=0

© 0]
(Fmoc-Ile) [1]
N
H o)
N_ _C
[2]1 DCC | Fmoc N\Iq/ ~OH
H CHs
CH3 CH3
i | )
H CH3CH,CH (1] O CHyCH,CH (Fmoc-Ala)
Wy ?\:H N hwo © \H
Fmoc—N~ >~ Nsg~ G ~Cn -0~ CH,~POLYMER " Fmoc—N. _C. C.__O-CH,~POLYMER
H T £ N ¢ [2] DCC + SN TS
© ok, © H H H CHs o)
_C
1] O Fmoc—N \C/OH
H I
N o}
H  CeHsCH, H (Fmoc-Gly)
‘ ~
[2] DCC ¢
+ Fmoc—N \C/OH
H (”) (Fmoc-Phe)
s CHg
e |_{ H CH3C(H)2CH\ H [1] O o H‘H CH3%H20< y
Il \3 H R N : H i N
F —N I R N HN. )
mocC \Q/C\N/C\C/N\C/C\N/C\C/O_CHZ_POLYMER H 2 C_ C\N/C\C/N\C/C\N/C\C/OH
CHQCGHS H CH3 (0] H CH2CGH5 H CHS 0

Phe—Gly—-Ala-Ile

+ F—CH,-POLYMER

28.66 An acetyl group on the NH; forms an amide. Although this amide does block an amino group
from reaction, this amide is no different in reactivity than any of the peptide amide bonds. To
remove the acetyl group after the peptide bond is formed would require harsh reaction conditions
that would also cleave the amide bonds of the peptide.

amide
R
| Ny H |
HN—C—COOH C—~N—C—COOH
H CHs H

N-acetyl amino acid
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28.67
a. A p-nitrophenyl ester activates the carboxy group of the first amino acid to amide formation by

converting the OH group into a good leaving group, the p-nitrophenoxide group, which is highly
resonance stabilized. In this case the electron-withdrawing NO, group further stabilizes the leaving

group.

0 )ro =8 on ~=i8<(_ o “OQ ©:

p-nitrophenoxide

The negative charge is delocalized
on the O atom of the NO, group.

b. The p-methoxyphenyl ester contains an electron-donating OCH3 group, making CH3;0OCsHsO™ a
poorer leaving group than NO,CsH4O, so this ester does not activate the amino acid to amide

formation as much.

28.68

Co-OH = RNH,

O [ 3 [ & 3
||\>j .OT
CH,O07 ( “0— N;\j ' — . CH,0— C O—N

om0
sl s, o)
RNH, o 0
‘ H—-0OCO,~
.

;\j . CH,0” “RNHR
Q Fmoc-protected amino acid
+ CO32_

O—O

-

N- hydroxysuccmlmlde
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Fmoc-protected amino acid

N
Hy
proton
transfer
R H
\:
H N/C\C/OH +
2 Il N
H

28.69 Reaction of the OH groups of the Wang resin with the COOH group of the Fmoc-protected
amino acids would form esters by Fischer esterification. After the peptide has been synthesized,
the esters can be hydrolyzed with aqueous acid or base, but the conditions cannot be too harsh to
break the amide bond or cause epimerization.

H H
OO . et cnooon 20 O g/ O
" T
o 0
Wang resin Fischer
esterification
OH OH

new ester —= | ____ hew ester — '

I
CH—R CllHR
|
NHFmoc NHFmoc

28.70 Amino acids commonly found in the interior of a globular protein have nonpolar or weakly polar
side chains: isoleucine and phenylalanine. Amino acids commonly found on the surface have

COOH, NH,, and other groups that can hydrogen bond to water: aspartic acid, lysine, arginine,
and glutamic acid.

28.71 The proline residues on collagen are hydroxylated to increase hydrogen bonding interactions.

Py 2 By

The new OH group allows more hydrogen bonding interactions
OH =— petween the chains of the triple helix, thus stabilizing it.
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28.72
.
? Br, i CrO, i NH NHg
_C. (CH3),CHCHCHO (CH3),CHCHCOOCH (CH3),CHCHCOO~
(CHg),CHCH,™  "H  CHZCOOH H,S0,, H,0 excess :
valine
O [1]NH,Cl, NaCN NH; (Racemic valine and leucine are formed as
é'; —————— (CHg),CHCH,—C—COOH products, but the synthesis of the tripeptide is
(CHg),CHCH,” ~H [21H30%, A |l| drawn with one enantiomer only.)
leucine
0 o]
H CH(CH I
v (CFRal - (cry)c0c0p,0 I EHOHa | HaN C ) CaMtsCHAOH, H HaN< o C oo o
H2N/ \C/OH (CH3CH2)3N Boc—N/C\C/OH "’: 4~ 2eers
valine @ leucine
‘ CgH5CH,OH, H*
H\ CH(CHj3),
H2N/C\C/OCH206H5
I}
5 @
H CH(CHz), ¢ H CH(CHj)
\- H 3 32 0O
[B+ DCC /C\ /N\ /ICI:\ H2 /\C\ /H\ /&\
BOC_H |c|: /Q OCH,CgHs c Boc—NH ? /Q OH
g Pd- P
O H CH,CH(CHy), O H CHaCH(CHs)
H CH(CH,), H CH(CH
SR Q oo VMO 0 crcHy,
/C\ /N\ /C\ /C\ /N\ /C\ /C\
Boc—N ﬁ) /Q_ OH Boc—H ? C H COOCH,CgHs
O H CH,CH(CHy), H BHCH(CHo)s
HBr
CH3COOH

H CH(CHs), o

\C : i H‘C\:CH(CHs)z
O | CH,CH(CH3),
Val-Leu-Val

28.73 Perhaps using a chiral amine R*NH, (or related chiral nitrogen-containing compound) to make a
chiral imine, will now favor formation of one of the amino nitriles in the Strecker synthesis.
Hydrolysis of the CN group and removal of R* would then form the amino acid.

o . NR* NR* NR* NH,
)k NH,R* )k “CN R—C—H Hydrolyze gR_c—H Remove R_C—-H
o | * |
R H R H CN nitrile cooH R COOH
. chiral imine amino nitrile i i
chiral amine amino acid
Perhaps a large excess of one enantiomerically enriched (?)

stereoisomer will be formed.
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28.74
.o H
:0: HQO . § L S
0T At . JH H—O::0H HO::0H
S H—OH, s/g; S)ng proton Sj&R
R ) R— . ..
CGHS\N/*N CeHs\N/)\N CsHs\N/)\N transfer CeHs\ﬁQ)\N
= H S H nH Y OH
thiazolinone H
H;0 \

HO :OH

+ .
o (OH, H :OH
. g (Y oy Ul proon e Low  (FT
HO  * )\ R -—— )\ R = R CeHs _- ~~N" "R
- . . transfer )\ 65~ N
N N H
S s” N S |

CoHson [/
6 S\N N
)\“ R + H3O

N-phenylthiohydantoin






