Amines (McM chapt 24)

(R: alkyl, aryl)
) e
.o RN.H RI.\I. R" RI@ITI_RHI X
R'NHZ R" R" R"
Primary amine Secondary amine Tertiary amine Quartenary ammonium salts
Basic compounds
'R\ M~ 5 |R\@ o pKa Alkylam.lnes: ca9-11
R—N: HOH —— R—NH + OH Arylamines: ca 4-5
R” RII

(anilines)
(R: H, alkyl, aryl)



Synthesis (McM 24.6) Known react. from KJM10xx

Alkylation (ammonia or amine, phtalimide)

H (\ H © R (\
Y Base
H—N mR-X — H—/CIE)_R H—N: mR-X _—
H H © H
X
(R: H, alkyl, aryl)
0 P 0 ©
Base © R-X OH COH
N-H —_ N N-R + H,N-R
y S Y CO,H
Acidity
c.f. 1,3-dicarbonyls
Reductive amination >:/—\HN,R >:NR [red] + R
0] —N ———> H NH
\_~ H -H,0
Aldehyde ammonia Imine H, / Ni
ketone prim amine NgCNBHS

etc

R -H,0 ®R [red] R
_ = ———— H—N
sec amine R \

Iminium
ion



Reductions
eNitriles
*Azides
*Amides

LiAIH,

R—-C=N
Nitrile

@CN\ /
R-X

eAromatic nitro compounds

[red]
Af'NOQ

Ar-NH,

®y O
R—N=N=N
v
I LiAIH,
©
R-N-N=N
®
Azide
Red: H, / cat

SnCIQ, H*

Amide
R, R', R": H, alkyl, aryl



Synthesis (McM 24.6): “New”’ reactions

O NaOH, Br
R)LNH > 2 R-NH, + CO,
Hofmann rearrangement 2 HO
prim amide
o)
0 o O /N 0 o OH,
R)J\NHz OH o N@ Br-Br RJ\ITI’Br OH R 'Tl@ R—‘l\?=C=O
I H H I Br Isocyanate
©
0@ )O\‘) @Br
RSN RN
|l| Br>
o)
HoN-R HGHGR
- CO, :

carbamic acid
instable




Curtius rearrangement

acyl halide

acyl azide

@)

_______________________________________________________________________________________________

' R

0]

N

NH,

0]

R)LN@

Br

+ Mechanistic. related to Hofmann rearrang.

—_

R'NHZ + CO2
R™ 'Ng H,0, heat
+ N2
acyl azide
OH,
- R—-N=C=0 R-NHZ
- CO,
Isocyanate
OH,
R—N=C=0 R-NH2 !
-C !
Isocyanate O :




Reactions of amines (Alkylamines) (McM 24.7)

Alkylamines:
eAlkylation (McM 24.7)

eAcylation / synth of amide (McM 21.4, 21.5)

Hofmann elimination (# Hofmann rearrangement)

E2 elimination to form alkene

E2: mechanism

B: 7 )
H R R R )
R R ——— N\= +BH + X
R X R R

X=halogen, (OH)
X #NR, Strong base / bad leaving group

CHjsl (excess)
Base

hat




CHl (excess) Removal of less sterically hindered H

Base R
R N ):< Not necessarily most stable alkene formed
2

CHal (excess
- - " o
NH, @ @I H,0 (N@ @OH
|

NS _N<
HeC™ 1 CHs HsC™ 1 CHs + Much better
CHs Hj .
Agl leaving group
N than R,N©O
HsC" CH3
CHs
M h. @
orphine HiC. CHs Codei
! C/\J Ph OH oacine
3
HO
I@
Oo O
N-CHg Hoffman
CH;-1 elim

pKa=10.0 pKa ca 17

Hec-0 O OH HiC-0 O ©OH




Reactions of Arylamines (aniline derivatives) (McM 24.8)

*Weak base (pKa ca 4.6)
. @ ® @ *Highly Activated for E-fil Ar Subst (o/p)
r\ENSf o e e NHo *Protect. as amide: Less activated, still o/p
- - - © o
L ’ © R‘NJ\R' Oy NRs
Aniline Q @) © E/j
o/p directing m-directing

Nucleophilic Aromatic Substitution - Mechanisms

QSNAI'\/ &‘@Nu (@j)iNu <—>6©§Nu < <j(gNu > ONU
*S\1
*Benzyne v

*SRN1: Involves radicals

*(VNS: Vicarious Nucl. Subst.)



Formation of Diazonium Salts and the Sandmeyer Reaction

@ © R ® R ® ©® C)
R-N=N X O)—N=N - =N=NO R-N-NEN <~—> R-N=N=NO
R' R'
Diazonium salt Diazo compound Azide
H2804 / HN02 @ @
R-NH, R=-N=N — R+ N Synthetically seldom useful
prim alkylamine very unstable
Nu
N © Nu Substitution
I
*NH, @® N /
H,SO, / HNO,
Y
\ N:N/©/
Aryl amine Relatively stable ©/



Diazotation of primary amine

Ar—NH
B ‘\ H taut
2 HN=0  —— 0=N-OIN=0  + H0 — Ar—@l}l—N:O —g AriN=O Ar—NEN-OH
- - © H ] H
nitrous acid dinitrogen trioxide -NO, H

(salpetersyrling) Nitrosoamine

®
. . . Ar—N=N + H,O
Sec amine gives nitroso compound ' ?

EE—

Ar—l}lH — Ar—[}j—N:o
R R

Nitrosoamine

Amines with acidic a-H may give diazo compounds

R ©
Rogcﬂ\ NH; 90204\ ,\? ©)—N=N
H H N © RO,

(@)



Toxicity nitroso compounds (not in McM) - Alkylation of biomolecules

endoplasmatic
reticulum

©
NO, / NO,
o P P A e OH
H-C CYP450 enzyme K H.
" N-N=0 N-N=O —» CH0 +  N-N=O
HC HaC HsC
H3C, ‘
NH
H;C @ OH
<—— HgC-N=N  <~—— N=N
. —CHs HsC
sec alkylamine
CHy
S
O CH ;”\Ng(“‘t
N®
HN H
HoN™ N | S-methylated cysteine in
s a peptide/protein

N-7 alkylation of guanine in DNA



Nal or KI

@ CuCN
\ " cuss — @ N, as leaving group
© H*/H,0 o
or uCI Cl
Cu 0 / Cu(NOy), @ @
H,0

2

BF4

HsPO,

SN1 like mechanism or radical mechanism

@
O — Qo 25 O

@ CuX Cu-salt mediated react.
_ . Cu?+ _—
QN:N @ ) @ Sandmeyer react.

(radical mech.)



Diazo coupling

Phenol
Aniline der
(Reactive Nu)

Electrophile

Metylorange

N
\

HO3SON\\ /
<O

pH<3.1

Electrophilic
Aromatic subst.

Azo dyes
Bayer etc
Late 1800-century, ex.

Metylorange

OH

\_) N \Jase

=

N N

\

HO
onyn $7
W

Pararodt

C)
O3S N,
IO
\

pH>4.4



Azo dyes

Bayer etc Salvarsan
Late 1800-century, ex. 1. antisyphilis drug 1912
H,N
N_Q—N e HO AS\\
Metylorange \ ASQOH
HO, Screening of dyes as antibacterials ~— NH,

OsN N O
AT J

Pararodt 1932: Prontocil active against Streptoccocces infection
no activity on bacterial cultures

Q HoN

0 N
1935: Prontocil metabilized (azoreductase) to Sulfanilamid in vivo
0]

HzN‘§—QNH2 (rel. toxisk)

Antibacterial sulfonamides U
Modern sulfa drugsr

NH,

R: Aryl or hetroaryl



Dialkyl azo compounds less stable (explosive)
Not in McM

Radical initiator (alternative to benzoyl peroxide, lab. ex. 1)

AIBN: Azobisisobutyronitrile

_ heat
N=N _ >
N:ﬁ( —— N= ° + N2 + ° —N

Diimide reductions

>=< + H-N=N-H —— H~¢—~—H + N

alkene diimide

generated in situ,
various precursors

azo, from azote (old french for nitrogen), a (not) zoe (to live) c.f. kvelstoff (old No for nitrogen)



Azo dicarboxylates in Mitsunobu reactions

CO.R H  CO.R
Nu-H + R-OH + PPh; + N=N — Nu-R + O=PPh; + N-N
RO,C RO,C H
relatively acidic
X
tPPh H.
)?\ /—\ ) 3 )?\ _/\ @) 4 R e} +F|)Ph3 o
N _OFt —  w . OEt = _N_ _OEt )J\
EtO” N T —~ =~ EtO ll\l \n/ —~— | EtO H \n/ -o” R
0 PPh; O 0
1 3 5
R'OH o
6 .
EtO)kN NYOEt
H o
7
Q 0
RO PR L R'OH OR
0" R - Ph
0 RT 0\ | <——== _—>P—ph
~—= Ph— — ) IV -
A ph—F—Ph . RCOOH OR
PhsP—0" 'R OR' PhsP—OR'
11

(0]
v 4+ PhsPO
R)J\O,R 3



Amino Acids, Peptides etc (McM chapt 26)

R

14 8T
N
HZN)\COQH HQN)\( j)LH COLH
o R
L-a-aminoacids / \
(S)

Tripeptide C-terminal

N-terminal

20 essential AA, table 26.1

Synthesis

-Resolution of racemic mixt. (synth see chapt 24.3)

-Enantioselective synthesis (26.4)

CO.H H,, chiral catalyst R  COxH

Y

R HN-COR NH,

-NH,, potected as amide after deprotect.



CO,H

Ho, chiral catalyst

R  CO.H

Y

R HN-COR

-NH, potected as amide

NH,

after deprotect.

H H H
A k!
MeDDLj/ T \ELDOMe
0
Ph
(S} major (R} minor
P". +.\‘\,5
+ ( ~Rh
“ ,.- \'\HT-—ME F"f e Me
i"" 'ﬂ‘. MNH ,Rh
S COOMe """ ”H
Ph f—< \/{'J
vedoC Ph NHCOMe H
COOMe
reductive reductive
eliminaticn . Fl'f-. +--“'O"“-- Me n, +n elimination
Rh Ph [ - Rh
add - Pf "‘h NH
NH diastereamers
H M R H
o =]
CF‘ i, Rr:-_.h‘ "-ﬁ minar major C ‘s, +.‘,|10\\-(ME
- . Rh
Pfl ., NH l H, P ]T—NH
s; COOMe oxidative addition 5 ~00Me
Ph
H H
| +"\U""h~ Me H"'J.- + “‘-‘O"'-. ME/
“Rh. Ph ar R \\’
insertion | i P"’l NH insertion
R MNH
# Fh



Determination of peptide structure - Sequensing

R, O R
HQNJ\[( NjI)LHJ\COZH -NMR

C-terminal _X_Ray

Tripeptide
N-terminal

Chemical methods (only primary structure)
-Edman Degradation: Removes - determines N-terminal AA (26.8)

-Carboxypeptidase: Cleaves of C-terminal AA (26.9)



Peptide Synthesis (McM 26.9 - 10)

ala + gly —— alagly Not: gly-ala, ala-ala or gly-gly °Selectivity

*Protecting groups
*Solution chemistry
*Solid phase / automatization

N-term  C-term

Nucleophile in amide bond forming step

ROH, H* l Protected as ester
o

S
gly

pcc | e
0 9 N I AT
XA 0 Orwetn = | XA o R

HZN/LCOQH ><O = OJT ><OJ\NJ\”/OH / TN Tl \O
Protected as carbamate |

(BOC)

ala

Good leaving
Generated in situ group

Deprot.

VN N
r O_ N @)
o) NJ\[(U >< H step(s) H o
H o r\h\O o)LNJ\[(N\/COOR HoN T
O n ’
H
N




Merrifield:

H_J

>< j\ J\WOH Cl Base i \/& 1) Excess reagents washed off
o N ¥ \—O — Boc” N Y ° 2) CF4CO,H cleav. of BOC 0
0 H HoN
C O

BO Polystyrene
Solid phase
DCC
X
OH
BOC™ N
Y
DCC
O R
R D SIS IR R - i I S N
H S 0 e

HF

o)
v o
Ho0o

Synthesis of: peptides,
peptidomimetica; mimics bioactivity of a peptide
more stabe, better bioavail. etc.



;31

N
H
NH

oo

N H

AR A
o)

Met-enkefalin

Tyr N-terminal
hos opiopeptider

N-term C-term
. : ACE . :
Asp-Arg-Val-tyr-lle-His-Pro-Phe-His-Leu ———— > Asp-Arg-Val-tyr-lle-His-Pro-Phe ~ + His-Leu

Angiotensin | Angiotensin Il

.

() :

+Z\n
0
H | H I
N N ©
Q\( “’rﬁ Kaptopril i év&ﬂ?\
’z,/ko ° © o"“ ACE L

ZT

N

)
N
+

@
HoN O @ NHy — HaNE NH, —



Peptide / Protein

Proteins are larger and may also contain non-peptide parts, has a biological function

Functions: Insulin: 51 AA,
*Enzymes, biocatalysts, metabolism Titin: 26.926 AA (in muscle tissue)

*Cell signaling; hormones (i.e. insulin), reseptors
eImune system; antibodies
*Transport; hemoglobin etc
eStructure; ie keratin (hair, nails etc)
Structure
ePrimary: AA-sequence

*Secondary: 3D structure of segment of the protein (a-helix, B-sheets etc)
*Tertiary: 3D structure of the whole protein

*Quartenary: 3D stucture of an agregate of several proteins

"a peptide is an amino acid molecule
without secondary structure;
on gaining defined structure, it is a protein."

Protein crystallography KJM3350/4350




