Carboxylic Acid Derivatives: Nucleophilic Acyl
Substitution Reactions
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Carboxylic acid :;I: cT ::; cid anhydride ster o —
Nitriles R—C=N ‘ (Nitriles are treated as acid derivatives as they have similar reactivity.) ‘

Compounds containing —C=N functional group are called nitriles:

* Simple open-chain nitriles are named by adding —nitrile as a suffix to the alkane
names, with the nitrile carbon numbered C1;

» Nitriles can also be named as derivatives of carboxylic acids by replacing the —ic
acid or —oic acid ending with —onitrile, or by replacing the —carboxylic acid ending
with —carbonitriles;

* The nitrile carbon is attached to C1 carbon.

CHa Cc=N . |- . CN Butanedinitrile (Succinonitrile)
| CH3C=N “H; CH,C=N
CH3CHCH,CHCN 3 i CHa [
5743727 2™CH, it
3 2 CH,C=N
4-Methylpentanenitrile  Acetonitrile Benzonitrile 2,2-Dimethyleycloh bonitrile 1841

Naming Carboxylic Acid Derivatives

Acid halides are named by identifying first the acyl group and then the halide;
the acyl group name is derived from the carboxylic a

o
acid name by replacing the —ic acid or the 4 G E\P
—carboxylic acid ending with -yl or I ©/ . O/ .
HsC” i
Barrond Godkih o

—carbonyl, respectively. o
/\/I\)J\[‘I Acetyl

. ¥ ¥
pentanoyl chloride chloride bromide chloride
0] o
o o Il Il
I Il /\/Cx [.]/C = o
H c’c“-';’c““ct-t u . | | UL‘( F;O 0 0
3 - 3
" Hae” o7
cetic anhydride Benzoic anhydride Suecinic anhydride - | |
8] 0 =
1.2-Benzenedicarboxylic | o o 7 Acetic benzoic anhydride
anhydride |

—  2-Butcnedioic anhydride

(Phthalic anhydride) (Maleic anhydride)

) t)
Symmetric anhydrides and cyclic anhydrides are named by replacing the word
acid with anhydride; unsymmetrical anhydrides are named by citing the two acid
alphabetically and then adding anhydrides.
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Naming Carboxylic Acid Derivatives

Esters are named by first identifying the alkyl group attached to the oxygen and then the
carboxylic acid, with the —ic acid replaced with —ate. A cyclic ester is called a lactone (the
common name); the systematic name is oxa-2-cycloalkanone.

(lil HsC CHy

o o] ]
Il I L. € f
°] PR - . > iy o CHg
] CH30 C OCH3 Lo o
P i /A HiC (8}
HsC OCH,CH3 H H

e y-valerolactone
Ethyl Dimethy M'B“‘:ch':'l';“’“""' (systematic: 5-methyloxa-2-
0 & ?9“ ?, cyclopentanone)
B-propiolactone 5 \ y-butyrolactone
¢y (systematic: oxa-2-cyclobutanone) o () (systematic: oxa-2-cyclopentanone)

@,

i

Amides are named by replacing the —ic acid or —oic acid ending with —amide, or by rep-
lacing the —carboxylic acid ending with —carboxamide. Cyclic amide are called lactams

(the common name); the systematic name is aza-2-cycloalkanones. 0
Q o a” NH
0 5 L ;
:cl /\I/ “NH, c\\l CH3CH3 8 g’
CH3CHZCHZCHZCHy ™ NH; - | CH3CHz s-valerz)lactam
Hexanamide Cyclopentane- (systematic: aza-2-
carboxamide N, N-Diethyleyeloh b i cyclohexanone)
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Spectroscopy of Carboxylic Acid Derivatives

Table 21.3 | Infrared Absorptions of Some Carbonyl Compounds

¥l type Example {em~1)
Saturated acid chloride Acetyl chloride 15810
Aromatic acid chloride Benzoyl chloride 1770
Saturated acid anhydride Acetic anhydride 1820, 1760
Saturated ester Ethyl acetate 1735
Aromatic ester Ethyl benzoate 1720
Saturated amide Acetamide 1690
Aromatic amide Benzamide 1675
N-Substituted amide N-Methylacetamide 1680

N.N-Disubstituted amide N N-Dimethylacetamide 1650
(Saturated aldehyde Acetaldehyde 1730)
(Saturated ketone Acetone 1715)
(Saturated carboxylic acid Acetic acid 1710)

Intensity —— =

0 | -.
CH3COCH,CH | ‘ I TMS
—— h, /|

7 T T
10 3 8 7 6 5 4 3 2 1 0 ppm
Chemical shift (5} 18-4




Nucleophilic Acyl Substitution Reactions

A leaving group NOT a leaving group

G 1/ /A

0*
L 7N (o sNu—H) RV R
3

o
R Y A carboxylic acid An aldehyde A ketone
derivative
o H Resonance in Carboxylic Acid Derivatives
= :fi: (l') (I)
(I;r .Tetrahed.ron o /L\T «—> R/t.:‘L‘.‘i‘ > N /C“l _
R-7< >Nu intermediate : s -
Yo
Greater resonance, shorter C- L bond
2 l 0
- \ Il
0 1. Bond length (A) in R-1. Bond length (A) in RC-L
Il
& + oy Cl 1.78 1.79  (not shorter)
BT TNu :
e OCH; 1.43 136 (shorter by 0.07 A)
IS a leaving group: 3 %
~OR, ~NRy, ~CI NH, 147 136 (shorter by 0.11 A)
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Factoids of Acid Derivatives

stretching frequency of C=0

e o] e s}
HiC \N n (,ﬁ' Rotation Hiy( \N C,’I.l’ .
PAY = — | Fomp (em™)
@ (8 0
He” “H Hy “H : =
] o cl 1790-1815  Two bands corresponding
Rotational activation f“) Imanii750 } to symmetric and
energy OCR 18001850 asymmetric stretching
E, = 88 kJ mol* OR 1735-1750 motions
NR% 16501690
Acid derivatives are both basic and acidic ‘
[ 1 H H Greatly help
s Ty rys g n
,::la, r"; .rIJ j! stabilize the
1 H
C.. — Co.. = _Ch ; rotonated species
R L rRT E R R ] P P

0 o]
I [ I I
CH:CN(CHy), < CH,COCH; < CH,CCH; < CH.CI

Relative reactivity:
electronic effect B, il i = g
o] o 0 0 o] o]
I ! ! i 1 L
< < < <
R™ NH, R” TOR R” TSR R 07 TR R
Amide Ester Thioester Acid anhydride Acid chloride
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Relative Reactivity of Carboxylic Acid Derivatives

(0] o
Il Il Il [I
steric effect Auprbd o et s O IO
/N LN I\ N
R R H H H H
More ﬁ
reactive c
R e
Acid chloride
o]
Il Il
r""~o~ g
Acid anhydride ﬁ
>
3 .
4 Thioester P
Il
H’C“OH
Interconversion
diagram Estay o
Il
C
5 R” NH;
5SS
Amide 18-7

reactive

Acyl Substitution Reactions of Acid Halides

o] o} H H
:[:l, g Il [H \c.f
R OR R NH, R ™H R OH
Alcoholysi Aminolysi Reduction
R :\ ]Nli-: / 1
' R
I Ha0 g R'MgX Il R'MgX \C/
R” TOH Ry AR R™ TOH
Hydrolysis Acid Grignard reaction
derivative - - - - - -
As acid halides are most reactive among all acid derivatives,
- " all these reaction could happen with the acid halides.
Il Il
o o ~Cu - R " i .
1l 1l R” TOR' R NH, % H H ecall preparation:
IH NS
R 07 TR Ester Amide R/c"}- FI/C\‘OH (l:l) ﬁ
: SOCls
Acid anhydride \ ; & _— s C
R'OH NH3 Aldeh 1° Alcohol S i
. \\ Sl yde R OH R ol
0
ﬁ M H\ R ﬁ ;
H0 c 2 A'Mig X S PBra
e | gty || ]| —— c C L c
P ~
R OH i R OH R” SOH Ether R Br
. I u
Carboxylic chloride 3° Alcohol
acid
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Acyl Substitution Reactions of Acid Halides

Reactions of Acid Halides

[+}

o
|

When the amine is

K ot 08 0: 4 T R ey CHIOL S, CH30. o~ _C
Hydrolys \:g\ N g /é wli| — /'é\ " S NaOH “’ T] N + NaC valuable, 1 eq. of NaOH
R R B cHzo'/\“j o0 Y can be added in addition
An acid H A carboxylic OCHs OCHs to 1 eq. of the amine.
chloride acid o ST
a o o o . . Reduction: hydride 1 b4
I Ethar 1 Base is needed to neutralized the HCI formed. L . Cury C i
L S SR - -G substitution-addition /\l‘/ SO e (777 O% | The modified LAH reacts
' i 2 # 4 o ) /\ < z 0" S with acid chloride faster than
Sodium formate Acetyl chloride Acetic formic };\ OH > 2\ /K/ with the resulting aldehyde.
hydride (64%) ci s 0 —
anhydride ©/ i O’ Pyriding _ Q/ Modified Benzoyl ehloride Benzyl alcohol (96%)
10 alcohol Alcoholvsis: LAH: ? 1. LIAOCICH,)LH, (CH,OCH.CH.1.0, =75°C (ILI)
(less hindergd and more conolysis: cBI:I':::: Cyclohexanol Cyclohexyl benzoate (97%) ('H_\('H=('HII'('I 2. HY HO > CH.CH—CHCH
reactive) o 49%
i Preparation of reagent
CHy0H o ./C"
/O'/ b B Byrtane /O/\ N Aminolysi LiAlH;  + 3 (CH3yCOH  —> LIAIJOC(CHy)3]5H + 3H—H
HO 2 HO & & 1 g
™~ I I Y Reaction of
2¢ alcohol ‘ 10 and 2° amines can be used, but not 3° amines | A & A SSon )
(more hindered and less With Grignard | |_ s | diorganocopper
reactive) Two equivalents of amine are used due to the HCI formation. | Reagent: N re;gent' happens only
Benzoyl chloride Acetophenone 2.Phenyl-2-propancl with acid halides; but
I i o 0 Wooo (NOT isolated) W not with carboxylic
; : i i . :
CH4CHCC! MH; — CHCHCNH; + NH,CI Ha - - | i
& + 2N o€ 2 " Ce PN . With Gilman 3 g e /| N /|c\ acids, _esters, am|des,
CHs CHa + 2NHCHg; — | | +  (CH3laNH; . CH3CHaCH™ SC7 701 —=—L1i =  CH3CHaCH” SC7 “CHaCH3 or acid anhydrides.
S CH. Reagent: i Ethar, 78 °C 1
CHy  CHs CHy  CHg
18-9 18-10
i I Preparati i i
) \ reparation: SOCIp
. C )] C i 4 el 272
Preparation: ~ci i e ~0” cH P -
+ C —_—
1;C C g
Reactions: n'oy alcohol as R'OH Ester hydrolysis in basic
o ° Hcl  solvent Pyridine solution is also called
Il I e
o 0 0 _Co G0 c.. o saponification, after the
- ”\ é».. @ > + CHagO(:[.-—is 1:_‘%&_ o + CHyCO 0 o} 0 Latin word sapo, meaning
R OR R “NHp R 2 ‘I:I (Ig (I:I “soap”. Soap is in fact
I ™ .
Alcoholysis Aminolysis Salicylic acid Acetic 5= ~ch R T“OR' R~ TOR R TOR' m.ade by b0|I|ng animal fat
[ ic acid) yei o 3 with base to hydrolyze the
R .--II\ / Aspirin |an ester) Method limited to Method limited to Method is ester linkage.
primary alkyl halides simple alcohols very general
o] o H H
Il HqO Il I H Il [H I\ 7
R /C\ OH S /C\ o e R /C ~y i Ft/ C—.,_ Nucleophilic Ring Opening of Cyelic Anhydrides
. GET e o Relative rate of hydrolysis in basic solution: 0 o}
Hydrolysis Acid Reduction 4 % {II Il Il
anhydride o _SHOHINC | yOCCH,CHyCOCH, CH,CO,C(CHj); < (CH3);CCO,EL < R’C“‘OH' H/C\DH + ROH
96% CH3CO,Et < FCH,CO,Et
m s} Ester Acid Alcohol
NH; oo N.. -0 o R
+ CH gn"f'n- NalH \:C/ + CHsCO The -NH, is more This bond is broken.
Lt B CHy ks nucleophilic than the — 0 0
Ho He OH group (under | 1. NaOH, H,0 Il .
p-Hydroxyaniline Acetic Acetaminophen basic conditions). ~C.4 2. Hy0* AL + HOCH,CHg
it 181 CH3CH3  ~OCH,CH3 CHzCH; ~OH 1842




Mechanisms of Ester Hydrolyses

Reactions of Esters

. e Aminolysis: i1 i Not commonly used;
Under basic conditions: A~CocH; /‘“\l/c“nu-_. ) amides are more often
x s L%/l S made from acid chlorides.
Hokm 0
CII./?jH C“C I Transesterification: Transesterification is
— g~ \OH ROTNOH ¥ _@R‘ (|.|J . t'.IJ usually an equilibrium
RO CHisCOCH,CH, + CHOH —2 M, ¢ HuCOCH; +  CHyCHL0H process, which can be
'I:I] ho 2 (solvent) 90% shifted toward the
= + HOR' —— (I-! _U product either by using
. . R o —OH R~ ™oH =3 " C S < Br the reactant alcohol as a
Under acidic conditions: [ B sk BETTRTOH =3 HOS TR solvent, or removing the
pall product alcohol from the
N o Alkylation of an ester enolate: system.
/—-H~O+ C’_O/H ?H
Ho H bt <
H R e~ | Ot S0 Li = CHCHy T o
f!‘! S /C\ . 0 — R'J =04 A ) LDA, THE, =75°C ¥ :f\{wa(u e ) R )
R”NOR R OR R CH.COCH,CHy ——————  CH.=C —————>  CHy=CHCHCH.COCH;CH;
H H“ ok, = 25 OCHACH, 975
H< :OH 0
Relative rate: O)/ ‘ o
: ) '(l:*OH : Reductions of Esters 0 4.; :i:‘u"f" arhar HOCHchQCHzéHCHE,
o 0 (o] 5
R 10>20> 3 —— g_d> = c_ + ROH + HyO" 1,4-Pentanediol (86%]
R' 3°>10>20 il R o CHz
H _—— 1. LiAlHy, ether = g
* Tertiary alcohol goes by a different mechanism CHaCHZCH=CHCOCH,CH - o+ ChaCREH=CHCILOR Sk
18-13 g 18-14
Reductions of Esters i
Esters in Nature
~3:0: OH
LT e +-..\IH AIH . '|:-: . mo 1, LiAIH, (l: W P d oil Il 0
s i r = Hy0* Rz ™ . .. .
6~ R Eiho AN 2.F30 7 axes, fats, and oils are all esters ‘ i OgR Phospholipids are substituted
. 2 esters derived from caroboxylic
o A primary CH3 0 . . .
i 1. DIBAH in toluene i + (G0N afeohof 1l I T acids and phosphoric acids.
CH3[CHngCHz/C\OCH3CH3 2. Hy0* CH(CHa)aCH ™ 1 3CHz i )\/ \/J\ CH3CH,CH,COCH CH3COCH;CH,CHCH3 CHOCR They are essential components of
" ‘ 0 cell membranes. These
0 Na o N Mo {frEt:'nvl ib"‘a“c;“e} I“(‘:pe";:" ’“mt}e I molecules are soluble in nonpolar
J\ — RCHOH + ROH R™SOR — R o prsapples. ramananas, CH,0CR solvent by aggregating into
R™ "OR" ethanol toluene (”J wit micelles or vesicles (lipid bilayer).
p o) H; QEt OhM OH wlL OEt CH3(CH»),CO{CH>),CH; (R = Cq9-17 chains)
/k _— !, )\ — 0= 24,263 m = 29,31 . -
OR' ~OR R“OR OR' Bocowax (triglyceride)

o Omﬂ o OH
J\PL By HL-OEt R)ATM

R H R H

o & {o\ . R
Kepm e TR Y

OR& OR'

(o]
H,O )\( tautomerlzatlon )K(R
R

OH
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o 1 v
. @

{ Q=
@ Nonpolar tails g

<2000 A

0 P — OCH,CH,N(CH),

Lnner aqueous
compartment
/

(\

Bilayer membrane
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Preparation and Reactions of Amides

Reduction of Amides into Amines

Preparatlon ﬁ ||:0| i 1. LiAlH4 in ether C/-H o
CHz  2.H,0 _-CHz
& N A C~g JaW o CH3(CH,l6CH, ™ ‘“rlv 2 2 CH3ICH3IeCH ™ N7
Il I
C H
R” TNH, JHNH.,. R” TNR', ' o
HaO*
NHs" + H0 < a + I
o) < NHs e aa ch>& H3C2>O<H
Ml HaC N 0 1. LiAlH,, ether HaC N H
B 3 | 2.Hy0 3 |
R NHR ”11 H H
Hydrolysis /‘laH;_, A lactam A cyclic amine [80%])
o G " 167
¢ 2, | T TN, = Sp— Cosn -y e
RNy T (R, T T RORT T RmeT B R — i
2 H 13' R NHZ ther f 1
An amide H
Amide
Syt 5 o o Iminium ion
T I/ D I
R/C\NHg = | pfrpt = gk NHy | =F by * N o ¢, DIBAH
HZNQ | 1. (CH;CHCHz AT, (CHyCHy 0 M
i T . S 7 2L H.H.O N g
An amide A carli);:ylate 3 i N(C] I_\JJ » ~— — H
92%
18-17 18-18
Hofmann Rearrangement Preparation and Chemistry of Imides
.
CH5OH / H*
Cl.. NaOH CO,CHy 2327, CO,CH3
CH,(CH,),CH,CONH, > CHyCH.),CH:.NH, + O=(—0 o CH:OH HoOC™ 72T HaCO,C7 >
66% /
Nonanamide Octanamine
0 0
El\é %
R + 300 °C
0 HZNOC/\/COZ NHS I;ﬁNH
Hofmann Rearrangement
||_ Xz, NaOH, H:0 : ) 0]
RCNH; — > RNH; + 0=C=0 0 0
Mechanism: @SOQNHZ QNH ©E§NH
iy (0] (e}
| ¥ pKa ~10 9.6 8.3
C . H + —0H —
R I’-." 0 0 0
H KOH BI’Z
N K ~—— NH —— N-Br (NBS)
(0] (6] [0}
(0] (0] (0]
o ||.. . Base . Base l]u . %
RCHCNH, + W —— RCH,CNH, == RCH,CNH™ + H
Amide enolate ion Much Joss Fivarabls 4 T Amidate jon
pK, =3 PR, =12
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Preparations of Some Step-Growth Polymers

0
i Il 5 Il ||
HaMICHglfNHz  +  CICICHgl CCl ——=  —5-HN(CHg),NH—CICHZ}C

Nitriles

[e]

Il S0Clg, benzene "
- CHgCHzCHgCHzL{?HC—NHz BT T CHgCHzCHgCHz?HC:N + 850 + 2HCI
A diamine A diacid chloride A polyamide (nylon} Preparatlon CH4CH3 CHyCH3
il il ﬁ? Ef g 2-Ethylhexanamide 2-Ethylhexanenitrile (94%)
HOICHa),OH + HOCICHalmCOH —— —2-O(CHal,0—CICHzlnC—=4 + M0
A diol A diacid A polyester Qﬁ= C—é; I \CI) |c|)
0 0 \ A/
I 1 . _ heat l? a l c|/s\c| O/S\%I o/s\m (O\/S\Q‘ T 8l
HOCCH,CHaCHZCHCOH  + HaNCHZCHaCHaCHaCHaCHaNH: ———» L e, CH,CH,0H,C —NHCHRCHpCHaCHaCHaCH N + 20 H,0 / 1 ‘ . | I
Adipic acid Hexamethylenediamine o] Ca+ . H Ca+ | He—Base C :Base -
Nylon 66 P N R T e
. . o Il {\. R \TI R \’\lJ R C?‘QJ A nitrile
] 1] AN
A~ C~och, e P R NH H H H J
: + HOCHCHOH —— . |! A d
CHAO. o~ e n amide
& Iol + 2nCHOH || Carbonyl ﬁ?OD 10t
Bs, Dimethyl torephthal Ethylene glycol A - pound sell 7 iNu |
& e et A (Decron, Mtr Reactions Jel, — | .6 —  Products
Il R/ ‘-\R, R77 “"‘Nn
0 / |
HsC, CHy R
Diphenyl carbonate C
; | e, ;
_r [ o Nitrile L N-
Y ' ] N~ [
C Lexan S :Nu
C ——— C —  Products
HO OH + 2
Bisphenol A ©/ 18-21 Imine anion 18-22
0 0 (r— N\ N
R—c=n — 1 ] . 1 + NHg R'OH <I|\|IH2 H,0
+
or NaOH, Hy0 R \'NHZ or NaOH, H;0 R”OH RC=N: RC=NH"* . RC=NH RC—OR
A nitrile An amide A carboxylic HydrOIYSIS Of n|tr|!es
acid takes place under either I‘”
- - g + +
. H basic or acid conditions. NH M ﬁH o I
i H _ ' N~ ' —_——— — + *
| o, I + —OH —HOH R (I" OR R (l: OR RC—OR * NHs / RC—OR *+ NHq
I D O e T OH' <ioH !
- ’ This salt can be isolated under anhydrous conditions ‘
/H /H
:N =N NH, o 2 H o o
(l\Pm — & — ! v oaon — T, jlow 4+ " ¢ 2 4
R~ O R So: R™ So: ‘ LiAtH, S L, i Hg0 Shig
b b Tathar i Tathar i
. AlXy AlXy
v Benzonitrile Benzylamine
R—C=N '”I - O o oy
" A 1 --:H.(I‘ch_ Al 8
e 2 H* Hyo i |
,?N—« AIR? {I[‘ 2 =
. 3 T B »
R—C=N + RAIH —> R—C L o [ e I £
X R H — Cl =
H J H
§5%
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Reactions of Nitriles

iINTM* NH 0]
- . I I iy I i
R—C=N <+ R'M —_— e e N e SR NH,
AM = mietaly R R R R R R
s}
n C{x)‘ . 'C 1. CH,(CH,1,CH.MgBr, THF cll}
N = W S L . LHYHO |
f ﬂ . CH3CH MoBr, sther [ T CHaCHy CH,CN >  CHyC(CH,),CH,
- " g Ethanenitrile G
(Acetonitrile) Z.Heptanone
Benzonitrile Propiophenone

Summary on Reactions of Carbonyl Compounds with Organometallic Reagents and Metal Hydrides

R'MgX R'Li R,'CuLi LiAIH, DIBAH (1eq)

RCOOH RCOOMgX RCOR’ — RCH,0OH RCHO RCH,0H (BH,)

' ' ' RCH,OH RCHO RCH,OH (NaBH,)
RCOX RR',COH RR',COH RCOR 2 RCH(% [LiAI(OR);I‘-I]

RCHO RR'CHOH RR'CHOH - RCH,OH RCH,0OH  RCH,OH [NaBH,,
LiAI(OR);H or BH,]
RCOR R,RCOH  R,R'COH — R,CHOH R,CHOH  R,CHOH [NaBH,,
LiAI(OR);H or BH,]
RCO.R" RR'.COH RR'.COH _ RCHZOH RCHO *NaBH, can reduce thiol
2 2 2 esters but not esters
RCONH, RCONH" RCONH" — RCH,NH, RCHO —
RCN RCOR' RCOR' — RCH,NH, RCHO
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Reformatsky Reaction

o)
R, \HKO& +
X a
Blaise reaction: 0

R
2 OR4

o %o
Rs)J\kRA Z 0R,

Rz

RT:Q 6\, or=z1_>

o]
)J\ Zn H;0*
R —_— -

3 R,
Idehyde or ketone

OH O

R3
R4>‘\KU\OF<1

Rz

[o] Organozinc compounds

.
+ RCN _zn, WO RMCR are less reactive
" | compared to Grignard

Br

H,O

,Zn
o O
> Rs —
Rj OR,
Ra

) © o o
N O Ni 2 H,O*
- R4)\HJ\OR1 — - R OR;
Ry OR4 &
R, 2

reagents and do not
react with ester.

R Zn .
Z%OFG RZ\)J\OR1 -~ %\OR1 ZnBr

Re OH O
R4>|\(U\0R1
Ra

Ra
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Chugaev Reaction

e 500 ©
Mg~ —— cHCooH + A

\67(9 A viable method for making

H terminal alkenes, but
R requires high temperature.

MeS

— MeSH + 0=C=S$§

o
o
T
G
o)
;
/
=
&
>:o
w
T

s
ROH + cs, 2%,

RO™ °S
With xanthate, this reaction l CHl
takes place at a much lower s
temperature, making it L
feasible in the laboratory. RO™ “SCH;
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C=0

H
>:C:O
R
Reactions:

HO—H

RO,C—H
R—C=C=0 =+
H
RO—H

HN—H

R'—MgBr

Ketenes

NuH

— R—E:EII—OH —
OH
R—C=C—0OH
— = H }f‘ —_—
R—C_(lj—OH

OCOR' | =~
R—C:CI'.'—OH —
OR

R—C:?—OH
NH, =
R—C=C—0OMgBr
, = o H,0

H
e Y—C—0H — R
R | - \)LNU
MNu

+ - reparation: 7n R Et;N
>: RW)J\Br —_— /Eczo -— R\)LBr
Br H




[ I
c Co, + H,0
HO™ “oH : : Ho™ el
carbonic acid carbonic acid monochloride

o
Il

Carbonic Acid and Derivatives

~ <—>= CO, + HcCI

ﬁ Mono-substituted
HO/C\OE‘ 0, + EtOH HO/C\NHZ == CO, + NH; carbor_nc acid
e ) derivatives are
ethyl monocarbonate carbonic acid monoamide unstable
o
Il
N
o o NH5 RO NH hyl carbam
0 ROH i s 2 ethyl carbamate
e O ﬁ
RO cl - -
T ¢ ) Disubstituted
ROH ro” ™or diethyl carbonate carbonic acid
phosgene derivatives are
° o stable compounds
g NH; I HOL s N g
— s a =C=0 ——»
" el HNT el N7 N,
2 H H 1
isocyanic acid
lT urea
What reagent we used
HO—C=N before is of this category?
cyanic acid P (DCC)
i RNH RNH Q CeHsSO;CI
|C| 2 Rn=C=0 2 g O, rRn=c=NR dialkyl carbodiimide
o g -Hal RHNTNHR EtzN
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Orthoformic Acid and Ester

OH <I>R
H—C—OH H—?—OR
OH OR

orthoformic acid trialkyl orthoformate

OC,Hs o)
H50*
H—C—OC,Hs H—C—OC,Hs * C2HsOH
OC,Hs
OC,Hs 0
| R2CO |
H—c|:—oc:2H5 H—C—O0C;H; + R,C(OC;Hs),
H+
OC,Hs
effective methods
OC,Hs for making ketals
RCH,MgX

H—C—0C,Hs

RCH,CH(OC,Hs), + CyHs0MgX
OC,Hs
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