Rxn Of RCOOH Ch 15 #31

0 RCOOH for nu-philic add'n-elim’n rxn

= reactive only in acidic form

o basic form [COO-, carboxylate ion] refuses Nu: oo b N
IR B R S
most reactive ~—_ C = C = C Meast reactive

- SOH R™ NH, R™ Mo

= similar reactivity as ester < HO~ = RO~

O Fischer esterification
= exact reverse of (acid-cat) hydrolysis of ester [Hp739 sl#26
= need xs ROH for forwarding

O O
| HCl I
c + CH;OH — & + H,O

R” OH R” OCH,

excess




Ch 15 #32

0 RCOOH + amine (or ammonia) -

= an acid-base reaction, not an add’'n-elim’n

0 I
C + CH;CH,NH, —— C 4
R~ “OH e R~ O~ H;NCH,CHj,
an ammonium
carboxylate salt
I 0
£ + NH, — C
R~ OH 3 R Do lJ\rTH4
= further to amide when heated
I (II)
C 225 °C C + H,O

R~ O™ H;NCH,CHj; > R” NHCH,CH,;




Rxn of amides O 15 433

O amides not reactive as-it-is
= “NH,, "NHR, “NR, are very strong bases. = not leaving

o
I

C + H,O —— no reaction
R~ “NHCH,CH;

Cl-, ROH

O acid-catalyzed hydrolysis (and alcoholysis)

0 0
(": no -9 rlé CH-CH,NH
+ 2 = + 3CHyINH;3
-~ “SNHCH,CH, S 7
ROH

R R OH
O hydroxide-ion-promoted hydrolysis

| HO- I
+ HLO —  C + NH;




Ch 15 #34

O mechanism for acid-catal’d hydrolysis

p749
unsuccessively?
unsuccessfully
: ' =N E HZO weaker B: E tetrahedral intermediate | ir“l_\il_—_l;:s,_t_r_;)_r_lé_e_rmB“ _____
A AH >0 - than NH, | ”/ than :OH >
; _  (PK, -1.7vs 9.4) | protonated more
backward favored :OH . = forward favored
____________________________________ R—C—Nm
- NH; to *NH, in acidic ;;|3H B r
- +NH4 is not a Nu: tetrahedral i.r;term NH3 weaker B:
- irreversible | . than ~OH |
----------------------------------- I (PK,(NH,") = 9.4) |
j\/H*\ .. . = NH; leaves. 5
O O :OH
" + *NH, <—— (”; + NH. =— R('(]; NH i no acid [catalyst] i
4 3 —— R—C—NH; L= &
R~ “OH R~ TOoH é‘ﬁ* .y | “OH leaves [NR].

 PK,(NH,) = 35

tetrahedral intermediate il ------------——------------------ :
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O mechanism for OH~-promoted hydrolysis

C"o" :0: :E)'D 0
I Se - = I s H,0 B
_C_.. + HQO = R—C—NH, = R—C—NH, — C_ + NH, — NH; + HO
R” X\ NH, P | U R~ o
: 0O4+H" .. HOK
| ) H: *H0 \
Nu: NuU:
(promoter, reactant) This “OH is a catalyst.

= heated in strongly basic condition

o At low pH, “OH leaves.
= “OH weaker B: than “NH,

o At high pH, “NH, leaves.
= “NH, weaker B: than O?~.
= The reaction is 2nd order in ~"OH. ~ one reactant + one catalyst

= Irreversible




Hydrolysis of imide to amine o 1o

O synthesis of amine by S, of R-X with ammonia?

R—X + NH, ; ‘E?H :f‘—NHE 4
e H”;; —————— L R—NHR' + H,0
i DH ————————
P ; -
R—X + RzNH on - [—NHR: + o

= multiple alkylation problem < RNH, better Nu: than NH,

O Gabriel synthesis (instead)

Gabriel synthesis

1{(:‘H2]31~ > RCHzNHz
alkyl halide primary amine

= using phthalimide instead of ammonia




Ch 15 #37

O
not a Nu:
O /_\ O/W O
N (Y COOH .
NLp 8 N- BB, N—R + Br —2, +  RNH;
Sy2 H,0 :
R COOH primary alkyl
0O e} 'e) ammonium ion
phthalimide an N-substituted phthalic acid
imide ~
\\ lHO_
a multistep reaction ~OH/H,0 .. oo
. A
H abstraction by ~OH CE + B,
COO~ prln!ary
S\2 on R-X e

hydrolysis
= acid-catalyzed then ~OH ~ through ammonium salt to amine
= “OH-promoted then H,0 ~ through amide ion to amine

useful (or necessary) for preparing 1° amine
no polyalkylation € one N-R < one N-H

not a Nu:



Nitriles Ch 15 #38

= compounds containing cyano group [C=N]
= no carbonyl, but hydrolyzed to COOH

O nomenclature
. : : o
= alkanenitrile < --ic acid AN
= —onitrile € --ic acid )
5
= — cyanide VN
g
CH;C=N QCEN CH;CHCH,CH,CH,C=N CH,=CHC=N
ethanenitrile benzenecarbonitrile 5-methylhexanenitrile propenenitrile
acetonitrile benzonitrile d-methylcapronitrile acrylonitrile
methyl cyanide phenyl cyanide isohexyl cyanide
—[—CHZ—?H—]E
C=N

PAN




Ch 15 #39

O hydrolysis of nitriles

= (acid-catal’d) hydrolysis through (protonated) amide
o even harder than amide hydrolysis ~ need acid and heat

= mechanism

nitrogen gains a proton)

‘NH :
5 R CCKIH + HO = ” . (”:
- s = + s
R iOH R~ “OH
b
oxygen loses ”
a proton ‘\_/
OH ‘NH, NH2
| o | I
€ C —
N0, (several steps) p NG 0
R O: Ps) R \ ‘OH /R (JQH

carboxylic acid (resonaﬁce contributors for a protonated amide)

\

hydrolysis of amide protonated amide
[Dp748 sl#34
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O preparation of RCOOH from RX (thru RCN)
m S\2 with CN~ from KCN or NaCN
= then to RCOOH

(an Sn2 reactio

K,(HCN) = 9
era( )

“C=N HCl, H,0 |
CH;CH,Br —p=— CH3CH,C=N 5 _C_
CH;CH; OH

o (catalytic) hydrogenation to 1° amine

— 2 S
R Raney nickel R




Acid anhydrides

Ch 15 #41

= acid ‘without water’ [E&#-k#)] # anhydrous acid
= two acids — water - two acyl linked by O

= an RCOOH derivative with carboxylate group

%;rboxylate iorD
O O
I I

i i

A

R-SOH HO- SR RO No- >y TP
an acid anhydride

O nomenclature

= alkanoic anhydride; -- anhydride

O O O O
P P
CH; ~o~ CH; cH; Yo~ H
ethanoic anhydride ethanoic methanoic anhydride
acetic anhydride acetic formic anhydride

a symmetrical anhydride a mixed anhydride



Ch 15 #42

O reactivity of add’'n-elim’'n

I P 0 I i I
C > o o > C = C > C
R ~cI R 07 TR RT TOR R~ TOH R~ “NH,
acyl chloride acid anhydride ester carboxylic acid amide
pPK,(RCOOH) = 5
O reactions
T 7 i i
C @ + CH5CH,OH — 0 + C
R R R” “OCH,CH; R~ “OH
0]
| (“3 H-0O 2 ”
¥ —
R/ \0/ \R 2 R/ \OH
O O O O
I I J [ I
/C\ /C\ + 2CH3NH, — /C E

R™ o~ R R” “NHCH, R™ 0" H,NCH,
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O mechanism

= follows general mechanism

.t)'. .'0'. .'O'- .‘()". .‘()'. .6.
& || . o | B | [

b

= | C —  C... *+ _..C
R/@ R_(lj_o/ R e R R \QR :Q/ R
N |




Dicarboxylic acid ch 15 748

Table 15.2 Structures, Names, and pK, Values of Some Simple Dicarboxylic Acids

Dicarboxylic acid Common name PKa1 PK.>

O
HO\H)‘\OH Oxalic acid 1.27 4.27
(@]
(@] O

M Malonic acid 2.86 5.70
HO OH

O
HOY\)\ OH Succinic acid 4.21 5.64
O
(0] (0]
)J\_/\/U\ Glutaric acid 4.34 Se2H
HO OH
O
HO\“/\/\)‘\OH Adipic acid 4.41 5.28
(0]
O
OH o isophthalic
Phthalic acid 2.95 5.41 .
OH terephthalic
O
= inductive effect (of COO) on pK,
O ’ 0 0 0 0 0 0
two pKaS g (lg pKq1 = 2.86 I I pKaz = 5.70 [ I
—_— C © @
HO  cH; OH HO™ “CH; ~O° o e

+ HY + Hf



Ch 15 #45

O cyclic anhydride from dicarboxylic acid

= when 5- or 6-membered ring possible

0 0 Q O
A OH A,
Cipo= Cpow CLE = CLp o
0 0 O 0
glutaric acid glutaric anhydride phthalic acid phthalic anhydride

= mechanism? add’'n-elim’n

= can be catalyzed by acetic anhydride or chloride

0 1 N
HO n C R e
NOH CHY \0/ ~c i cH; “OH

O acetic anhydrlde

succinic acid
succinic anhydrlde

o how? changing L Problem 46 p759



Activating RCOOH o 15 a5

0 RCOOH more readily available than others, but
= poor leaving —OH in add’'n-elim’n rxn

= esp at (physiological, blood) pH of 7.4 (in basic form —O-)

O activating to RCOX or anhydride

= just like converting —OH to —X in S,

O O
I I
C + socl, = C + SO, + CI
S N 2 N 2
R 0 thionyl R Cl
chloride
O O
(|L, PCl & (”3 “OPCl1
+ g = ° + 2
<N NG
R 0 phosphorus R Cl
trichloride
] P
2 _C P05, O G HO




Activating RCOOH In biosynthesis .. ...,

O to acyl phosphate or adenylate using ATP

y-phosphorus a phosphoanhydrlde bond |
O O O O O
| || | | | I
P

good leaving

C enzyme p
o _—
R/ /|\ /|\ /|\/ R/ \O/|\O“
-- O =
adenosme trlphosphate an acyl phosphate

ATP

a-phosphorus
O O 0] O O O
| | I I enzyme I I

VAN * /F\ /F\O/F\ P4 VRN /|P\ /Ad * /F\ /F\
R O O_O O_O O_ R O O_O O O_O O_O
adenosine triphosphate an acyl adenylate pyrophosphate
ATP
|
~ H—NqH
lysine II~I NH,
: tive site of
LT
=
H 11 [ N H

I P 0)
\HN—Cl =N—H-—0" |\0/ |\o/ ||\o

NH,

M 2+
arginine - OH OH



Ch 15 #48

O to thioester like acetyl-CoA

= more reactive

< localized 6+ and weaker B:

& size and Qe\ror
(": «—
0 IR
C " P P P Ag nome,
cH;y i W ST W
3 50 50740
ATP

cysteine

i I
C C
<N P
R SR’ CH;3 SCoA
a thioester acetyl-CoA
108
(l: CH,CH,SH CH,CH,OH
YR pK, = 10.5 pK, = 15.9
T i
CoASH
C P — C + AMP
cH{ Yo' Do~ CH; SCoA
O acetyl-CoA
+ pyrophosphate
NfK/EN\
g 9 KN| N>
H g I {', o
N N. P
HS/\/ W 0/|_\O/c|;0
0 0 O
A g~
) CO%TK&E 0;PO OH‘
A A A
decarboxylated | pantothenate phosphorylated

ADP




Summary ch 15 749
O 2 classes of carbonyls ~ RCOOH deriv's vs A&K

O nomenclature
O relative reactivity < basicity of Z:~

O reactions
= acyl chloride, ester, acid, amide, imide, nitrile, anhydride
= equilibrium
= (tetrahedral) intermediate

= catalyzed vs promoted
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