314/315 reactions and mechanisms through topic 11 and some of topic 12

Available chemicals from the catalog. (pages 1 & 2)

Allowed sources of carbon before alkenes and alkynes are covered.

hydrocarbons
e Nl o~ )\ E> <:> ©/©/\
1-bromoalkanes (1° RX)
N \/\/Br)\/ ©/\/ w2
Co,

bromohydrins can make epoxides

HO\/\Br Y\ j/\ ><\ O/ O/

Allowed sources of carbon after alkenes and alkynes are covered.

hydrocarbons
T DO OO

Z

HO
Br

€]
@ H> © <)
© Li C H,C : Li
HsC : H3C/ N7 e NaCN CO,
H, Li
methy | lithium n-butyl lithium phenyl lithium

Allowed sources of carbon after aldehydes and ketones are covered.

hydrocarbons Br
CH, / /\ E> <:> ©/ NaCN CO,

You can use any of the typical “first year” reagents of organic chemistry (most are listed on the next page).
you know how to correctly use other reagents that are not listed, you can use those too. Some of the reagents

that are at the bottom of the next page you will have to make, as indicated.
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314/315 reactions and mechanisms through topic 11 and some of topic 12

Commercially available chemicals and reagents - you can invoke these whenever you need them.

2 20 OH
1}
Br, cl, HCI HBr HI H,SO4  HzPO, HNO, HO—ﬁ—@— water H,0, ng
bromine chlorine hydrogen hydrogen hydrogen sulfuric phosphoric nitric acid 0 hydrogen caroon -
chloride  bromide iodide  acid acid toluene sulfonic acid = TsOH  NHs  peroxide ~dioxide t(l;l;;ytloa:ggﬂgl
(very strong organic acid) ~ammonia t-butoxide)
Salts / ionic substances ® O
Na :H
® Na@ Nae sodium hydride ® ..© e @® © e O /6.. Na@ . Cle N . Ie Lewis acids
eNél o ° (very strong base) :NHR, :N=—=N=—=N: Na <) .\N/ Cl: RS AlBr;
B—p 5—H :C=N ° R=CorH sodium azide B - ° ) FeBr,
sodium  sodium  sodium H: K@ (f/%?iug?rg;ni%%se) (excellent nucleophile) "o, yiiym nitrite N : Br : Cu :Br: Sg'(::sl
hydroxide h)slgf?g:n cyanide  potassium hydride ystrong HgX, .. H B
(very strong base) (mecuric salts) H | e 3
H SOz
Lo ® H—B—CN g .
6H9 e g / e H—B—H ¢ H-l}l-H Li T Na etc.
Pk HsC: Li C: I Na H : )
® o L'@ . . . sodium cyanoborohydride
n-butyl lithium methy! lithium =/ U sodium borohydride  lithium aluminumhydride = LAH  (nycleophylic hydride
(very strong base (very strong base)  phenyl lithium (nucleophylic hydride) ~ (very strong nucleophilic hydride) to reduce imines)
or nucleophile, use N (very strong ba59
anytime) (0}
N NS N/ i
pre aldehydes/ketones 0] O Cl—S
2 / N, I
K ® 0 = Ts-Cl (tosyl chloride)
~ OH potassium permanganate makes ROH into tosylates
o ethanoic acid ketone osmium tetroxide
B a carboxylic acid) ~ (a carbonyl) / N =
dllsopropylamme dlthlane r = B2 phthalimide ¢ pre alds / kets  pre alds/kets 0 0 _/ P
ol (an imide) @ ” || pyridine =
0 NBS = N-bromosuccinimide HCCl, CHyl, e / \ /Crk /ka proton sponge
(supplies free radical bromine chloroform 7, /'cy Q 0 ridine 0] 6]
/ for allylic & benzylic substitution) 3 ozone Py H,0 / H;0*
0—0 Simmons reactions (PCC) (Jones)
meta chloroperbenzoic acid h HCBr; Smith .
(MCPBA) P bromoform  reagent 1.0;,-78°C diborane diborane dialkylborane
Ph—p (makes cyclopropanes) 2. CH3SCH3 use w/ alkenes  use w/ alkenes  use w/ alkynes
1. Hg(OAc),/H,0 1. Hg(OAc),/ROH ™M F* Y | ... H H R
2. NaBH, 2.NaBH, PH 1. 03, -78°C L B—H L B—H L B—H
(to make alcohols) (to make ethers) triphenylphqsphine P/ H, 2. NaBH, H ° ¥ ° K °
(to make Wittig salts) | Pd/Hy o inoiine | | 2.H0,/HO 2. Br/CH30~ 2. H,0,/HO
Various metals (hyd (Llncti.lar)s = 1.0y, -78°C
ydrogenation 2 H.0s H H
a9 i Na  Na/NHy  zp 20, 0 Y\AI
g;?s;”m lithium sodium ~ in ammonia  zinc Ho~-OH NH |
. - 2
(Grignard) metal metal (Birch reagent) metal ethylene thNd _ NH (¢}
razine .
alkenes/alkynes - many reactions are possible glycol (Woﬁif_KiShner) pyrrolidine THP DIBAH

(protect C=0)

G
o~ o~ 2 P

(enamines)  (protect O-H) diisobutylaluminium

hydride

Make these from above reaqents -examples are provided in the pages that follow.

(e} Na@ o}
O—H e,
N—H —» :Q—H o
OH O N

®

L@ S
OH H: K o)

a t-butyl potassium t-butoxide
idat carboxylic acid) carboxylate alcohol sterically bulky strong base
phthallmlde imidate anion ®
o N ®0
H—C=C—H :NR Na :C=Cc—H
n-BuLi S n-BuLi e L| —2’" ®0
(above) N (above) H—C=C—CH;, > Na :C=C—=CH;,
@ o dithi ; dlthlane anion = " ®0 _
dusopropylamme lithium dllsopropylamlde fthiane H—C=C—Ph _" , Na :C==C—Ph
(LDA) alkynes terminal acetylides =
many more reactions
)}\ Ph\ BuLi Ph\® @
@ n-BuLi
)J\ LDC;A eCHZ /\ LDA /\ Ph_P_CH3 (above) Ph_P_CH2
78°C -78°C @ ester enolate - ylid for
ketone ketone enolate -, PH Wity resction
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314/315 reactions and mechanisms through topic 11 and some of topic 12

Electrophiles (Lewis acids)

aldehydes and ketones,
carbonyl addition reactions

(0]

-
H/ \H
methanal

(0]

o
R/ \H

simple
aldehydes

o
3
R/_ SR
simple
ketones
(o}

conjugated
carbonyl
compounds

carbon
e dioxide

nitriles

N
f Z

C
R/ \R

epoxide derivatives

h

l///////

s

Q

RX derivatives
Sy2/E2 and Syl/EL
|
HsC—Br q
methyl RX B
m/\/Br
benzylic RX
1° RX
Br unreactive RX_patterns
n /\ Br
vinyl RX
Br
2° RX
R
phenyl RX
3° RX
p
/\/ Br Br
allylic RX neopentyl RX
Other Lewis acids used: FeXs, AlX3, BH3,
BF3, HgX,, SOCI,, SOBT,, PCl3, PBrj, etc.
Occasional weak Lewis acids:Bry, Cl,, H,0,
(also react in free radical reactions)
Strong Bronsted acids: H,SO,4, H3POy,

carboxylic acids and derivatives,
carbonyl substitution reactions

11
C
R/ \OH R/ \O/
carboxylic acids esters
(e} o
sl wo
R/C\CI R/C\N/H
acid chlorides
¢ O o 1° amides H
LA T
NS TN
R O R
anhydrides / \N
u (|3| 2° amides L
S
dialkyl carbonates R/ \N/
3° amides R

Some of these become even more reactive
when protonated or complexed with a strong
Lewis acid, like BF3.

HCI, HBr, HI, TSOH, HNO3

Nucleophiles (Bases)

oxygen
nucleophiles
and/or bases

1 o
H—O
—_—

hydroxide

2 o
R—O
—_—

alkoxides

€]
* Lo
D ——
t-butoxide
4 O N2
A
(€]

—
carboxylates

Occasional weak Lewis
bases: R-Cl, R-Br, R-I,
Br,, Cly; sometimes
with strong Lewis acids
like: FeXs, AlX;,
Ag(NOy), etc.

nitrogen
nucleophiles
and/or bases

1 (o]

]
N
N

5
@
a

Dt

imidate o
2. NaOH

lithium
diisopropylamide

always
a base

T e o
1. Na R,N

2. workup
D ——

sodium amide
(always a base)

) €]
N=—= N N
Na

sodium azide
(good nucleophile)

carbanion hvdri
? ydride weak
ng}g?’%h;;eez nucleophiles nucleophiles
Nt and/or bases and/or bases
a .
9 ry 17 1. LiAIH, 22 H-O-H
IN=C: LAH) —
_G 2. workup
cyanide
N 18 1. NaBH, 2 R'O;H
10 Na ° 2. workup
HC=c* - Q
—— 24 )]\
acetylides 1. 'I' OH
e —_—
UPh)sP—CH, \(A'Y
ylid (make) 19 /fAndtzgny |
il Y3 unctiona
2V\\l/\|/tt§ R DIBAH group with a
" 2.WK lone pair of
1. R-MgX electrons
2. WK (e.9. oxygen
Gri—g>nar d 20 NaH and nitrogen)
reagents
13 g . alvk\)/ays miscillaneous neutral
1.R-Li a base nucleophiles
2. WK and/or bases
organolithium 2 _KH NH3 RsP
reagents always ammonia phosphines
14 [e) ® a base
|_, R—NH, H,S
CH 1° amines hydrogen
enolates R sulfide
2. WK /
R—NH H
5 0 o 0 i /
R-Cu-RLi 2° amines R—S
cuprates R thiels
16 S\e R—N/ /R
)t \R R—S
® )
s Li 3% amines sulfides
dithiane anion

neutral carbon
nucleophiles

Nl o=

alkynes
alkenes y

II////

O

N_/

C—=C
C/ ~~
=
i \ / =
C—C
aromatic / \
allenes & cumulenes comounds enamines

R—O\ . /

/N
enols and
enol ethers

Z:\classes\315\315 Handouts\arrow pushing mechs, probs[1].doc



314/315 reactions and mechanisms through topic 11 and some of topic 12 4
Every mechanism so far, except free radical substitution of alkanes, involves two electron transfers with each arrow.
Electrophiles = electron loving = any electron pair acceptor = Lewis acid, (often an acidic proton)

Nucleophiles = nucleus/positive loving = any electron pair donor = Lewis base, (often donated to an acidic proton)

Problems - In the following reactions each step has been written without the formal charge or lone pairs of electrons and
curved arrows. Assume each atom follows the normal octet rule, except hydrogen (duet rule). Supply the lone pairs,
formal charge and the curved arrows to show how the electrons move for each step of the reaction mechanism. ldentify
any obvious nucleophiles and electrophiles in each of the steps of the reactions below (on the left side of each reaction
arrow). Let me know when you find errors.

Mechanisms for the following reactions include 1. free radical halogenation, 2. acid/base chemistry, 3. Sn2
reactions, 4. E2 reactions, 5. Sy1 reactions, 6. E1 reactions, 7. acyl substitutions, 8. acyl additions and

9. addition reactions to alkenes and alkynes. Other mechanisms will be presented as we proceed through the
course.

1. Overall Reaction (shows just the essentials): Make R-Br from R-H (free radical substitution at sp® C-H)

hv
—C—H Br—Br —_— ——C—Br Br—H
sp® C-H bonds The weakest bonds react the fastest.

Mechanism - fill in all necessary details (lone pairs, formal charge, curved arrows, resonance structures = best plus one other)

step 1 = initiation - the halogen bond is the weakest bond and most reactive to cleavage by hv.
hv

Br—Br —_— Br

step 2a = propagation - these steps happen 100's to 1000's of times per initiation

H
CH Br , C
N PR H—Br
HyC CH .
3 3 bromine atom attacks the HsC | ChHs
_ ) weakest C-H bond the fastest H
step 2b = propagation
Br
PN Br——Br _— |
HC CHs the carbon free radical PN Br
H attacks the weakest bond, Br-Br ~ HsC CH3

Br

HSC/ \CH3 Br . CH

H H3C/ Sch,
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314/315 reactions and mechanisms through topic 11 and some of topic 12 5

make these Br
FoC8r /\ )\ )\/ /}\ E>7 O O/\ O)\
2° benzylic

1° benzylic

For now, these RX compounds are available through topic 11. Later you will have to make them (in topic 12).

Br
additional interesting possibilit
Br Br in SN&E chemistr%/p Y very fast Sy2 pattern,
/\/ \/\/ Br benzylic (above) is similar
Br \
\/\X
>I\/ B R allylic

vmyl

Ol

completely unreactive
via Sy2 mechanism

H

phenyl 1° neopenty!l

2. SN2 reactions with R-X patterns (above): methyl, 1°, 2° (sometimes), allylic and benzylic are very good for Sy2,
(R-X =RCI, RBr, RI, ROTs), E2 is the competition. You add all necessary mechanistic details (lone pairs, charge,
curved arrows). If no reaction or a different reaction occurs, indicate this. Shown below are syntheses of alcohols,
esters, ethers, nitriles, alkynes, thiols, thioethers and amines. Alkenes and alkynes can be made using E2 reactions.
That’s 10 different functional groups, and we left out ketone and ester enolates, dithianes and cuprate chemistry.

K@
o]

H
—_— Br \/\Br > / Br
.

only Sy2 at methyl CHs E2 > S\ 2 with potassium t-butoxide (in our course)

H
Na Na
HC=C—H
He=c N, ., /\ Br | He=c — |
i alkynes I

make terminal

HyC—Br

acetylides Sn2 > E2 at methyl and 1° RX E2at 2° & 3°RX
H
N
Na : N=c—H
N=C /L — c ' N=cC — |
[ \\N [
SN2 > E2 at methyl, 1° and 2° RX E2 at 3°RX

Br 2 Na

0 Na o 0 H (0]

PR AP NS

—_—

o} o | OH
SN2 > E2 at methyl, 1° and 2° RX E2 at 3°RX

acyl substitution - further reaction with NaOH at ester can be used to make secondary alcohols = base hydrolysis (see imides below)

(0] Na

L od g =g

2° ROH, not possible using RX + NaOH
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314/315 reactions and mechanisms through topic 11 and some of topic 12 6

Na Na Br

Br
/\/BI' OH Br H
H—O0 — H—o0 — H—O/ /\

Sn2 > E2 at methyl and 1° RX E2 at 2° & 3°RX

alkoxides are similar to hydroxide, except the Sy2 products are ethers instead of alcohols (potassium t-butoxide is our big exception = E2)
make alkoxides from alcohols and sodium hydride (in our course)

H
Br S Br /
Na N T HiC—O
— N \a y . /\

Br

H,C—O
make SN2 > E2 at methyl and 1° RX E2at 2° & 3°RX
make alkoxides from alcohols and sodium hydride
H P H H—H
H—H e
H —_— HC—0 0 — /\O
H;C—0O Na Na Na Na

Using Sy2 reaction to make primary (1°) amines
a. Gabriel amine synthesis

make imidate nucleophile - acid/base chemistry

O
0—H ?
Na
N—H
_» N
o) Na
O
SN2 reaction of imidate anion at methyl, 1° and 2° RX
O O Na

N
\/\Br 1 — primary amine

ol S2 reactions with alkyl imide acyl substitution mechanism
methyl, 1° and 2° RX shown, just below
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314/315 reactions and mechanisms through topic 11 and some of topic 12 7

acyl substitution - further reaction with NaOH at imide (2x), base hydrolysis (similar to esters, but twice)

Cﬁ;o: QJ\; / /"

H,N o) HN o]
o] o]
\H H— H o (o)
primary amine
Br
Br SH Br
Na
- Br S
—_— \
thiol

—_— thioether
HC—S Sy2 > E2 at methyl, 1° and 2° RX

H

SN2 > E2 at methyl, 1° and 2° RX

Nucleophilic hydride = sodium borohydride (NaBH,) and lithium aluminum hydride (LiAlH, = LAH), [deuterium is used
below to show reaction site] — Sy2 reaction at Me, 1° and 2° RX.

D D—AI—D
| D—B—D Na Br
D—B—D
| D D—AI—
D \/\Br — \/\D
Na "’//
Alkyl carbanions (lithium and magnesium) are poor nucleophiles with RX compounds, [but cuprates work well]
poor yields, too poor yields, too
H, < many side reactions, H, . many side reactions,
c H, C CH
C/ \C/ o \/\Br later we will use H C/ \C/ @2 Br later we will use
3 Hy N cuprates to make 3 H , cuprates to make
® this reaction work 2 ® this reaction work
Li (topic 13) Li (topic 13)
@® - S) Br
.. © Cu :Br:
CH2 b @
/\/ ® 3 /\/\ /\/\
L Cu
n-butyl lithium Li®
very strong base . igm ilka" i
(very g base) dialkyl cuprate RX compound V1@ Sn2-like" reaction
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314/315 reactions and mechanisms through topic 11 and some of topic 12 8

extra reaction — also on p. 4 and similar to imide hydrolysis, just above

base hydrolysis of ester to from alcohol, including acid neutralization of the carboxylate to recover the carboxylic acid (if desired)

0 ® €] Na®
Ie) Na Na o) (@]
o0—H 0
o —_— o - .
o H
esters NG e
H H o. ]
\H

o /H Ne o “ o
(0]
e
o
)k/H T )\ - )k ’
o . o o

. . alcohols
carboxylic acids 2. workup
(neutralize carboxylate)

carboxylate

3. E2 reactions with R-X patterns, usually with potassium t-butoxide as the base (to make alkenes) and NaNR; as the
base with dibromoalkanes (to make alkynes). Sy2 is very weak competition. Remember, Cg-H and C,-X should be
“anti”.

a. potassium t-butoxide with 1°, 2° and 3° RX compounds to make alkenes (in our course)

make potassium t-butoxide using t-butyl alcohol and potassium hydride (in our course)

K
>k K o
H H — >
o
(6]

potassium hydride
(always a base)

" Br j\ Br K Br j\
j\ O/ " j\ o/ "
(0] b — /\/ o)  »
H

Br

Br K
K j\ ] Br o H j\o/ H
O/ >( @ AN
(0] — —
H Br

b. sodium amide with dialkyl RX, compounds to make alkynes (in our course).

Br

make the alkyne (two E2 reactions and terminal sp C-H (pK, = 25) is lost to the amide anion (conj. acid, NH3, pK, = 37)

RoN B
Br Br e 2 |f Br R,N—H Br Na
H
H c . H_ =€ < Na
>C/ \H \C/ \H . C//C . //C H—NR,
: | NR | H/ NR ~c
H 2 H  H—NR, pK, =25 2 H pK, =37
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314/315 reactions and mechanisms through topic 11 and some of topic 12

R,5N
Br Br 2 Br Br RZN_H Br Na
/ Na | oH
H C > H._ _=C 8 _~CHs
><|:/ er, \T/ Do — 27— ¢
H / c
! NR, B H—NR, H \a NR, H—NR,
Ph = phenyl
R,N
Br Br 2 Br Br _
Na | RoN—H Br Na
H
H H C
/| | C/ C%
- -
NR, Ph  H—NR, Ph Na NR,  Ph H—NR,

Four workup reactions with terminal acetylides available in our course (Step 2).

Step 2 = Neutralize with mild acid to get a terminal alkyne, or
Step 2 = react with methyl or 1° RX (Sy2), or

Step 2 = react with epoxide (best S\2 site reacts fastest) followed by mild acid to protonate the alkoxide, or
Step 2 = react with aldehyde or ketone (carbonyl addition), followed by mild acid to protonate the alkoxide.

Na 2. WoHrkup Br Na 2. workup Br
make P (I) A . PN Br H
—_— /C = H” > h //C C// > %
H — P y e react with RX (Sp2)
mild acid neutralize H only methyl & 1° RX
O
Na
R —
D workup OH 3. workup
Z | Z
c react with react Wlth
H/ epoxide (Sy2) H
Na 2. wciJ_irkup Br Na 2. workup Br
make P (I) A . PN Br HaC
— /c 72 H > h //C C// > %
HaC — c e e react with RX (Sn2)
mild acid neutralize HsC s only methyl & 1° RX
0O
Na OH
A — 3. worku
3. workup / OH >: p
C
/C// react with HaC / react with 4
HsC epoxide (Sn2) 3 H3C c=0 HsC
Na 2. wciJ_irkup Br Na 2. workup Br
make P (I) A . PN Br Ph
— /c 72 H > h //C C// > %
Ph — P o react with RX (Sy2)

mild acid neutralize  P"

only methyl & 1° RX
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314/315 reactions and mechanisms through topic 11 and some of topic 12

(@]
Na
A - . Na
3. workup / OH
C P C
C// react with / C/
o epoxide (Sy2) " o

—_—
3. workup

e

H react W|th

Examples of useful Sy1 reactions — Syl and E1 reactions require 2°, 3°, allyl

ic or benzylic RX so that an energetically

stable carbocation can form. Useful reactions should not have rearrangement possibilities.

Snl and E1 possibilities (1. rearrangement, 2. add nucleophile, 3. lose beta p

roton). This example shows all three

possibilities and would not be synthetically useful. Our three weak nucleophiles are H,O, ROH and RCO,H

H H
\O/
H H
R Br
H Br H —
é H Eand Z
H H
H
; ! ¥ T .
O o)
AN
/\QL P~ R H H/ \H
: H H Y H
Eand Z o — /
add top H/ \H add top
and bottom and bottom \
T (no difference) ¢
0 H,0
R H
: H /
E Rand S )
= diastereomers achiral
water Br alcohols /
Br 1. L.G. leaves
/ \ 2. H-Nu: adds
3. lose H*
alcohols ethers
Br
o \ / /
Br PN H / \ 1. L.G. leaves
FsC H 2. H-Nu: adds
— \)\' /\ Hy 3. lose H*
Rand S
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314/315 reactions and mechanisms through topic 11 and some of topic 12 11

; H
carggiﬁyllc o O/ H
Y Br )\ )J\ster |
o N
Br o] \0 \( 1. L.G. leaves
H 2 H-Nu: adds
\)\ — \)\_> \)\ — 3. lose H°
S Rand S ¢ resonance

resonance

-

Examples of useful E1 reactions — The only example in our course is H,SO4/A conditions with alcohols. We propose
that 1°, 2° and 3° alcohols all work. The less stable the carbocation, the higher the temperature required. This E1
reaction works because the alkene is distilled away from the reaction mixture, continually shifting the equilibrium in
the E1 direction until the starting material is used up. A diabolical trick on the Sy1 reaction, the usual winner.
Rearrangements are possible, with the most stable carbocation usually being the major alkene product

H H H

N~

0 0
H—O——S0;H
—

'

0——SO4H
)\/ H /K

no rearrangement
problems

1. protonate ROH

2. water leaves

3. lose H* in E1 reaction
carbocation possibilities
1. rearrange

2. add nucleophile
3. lose beta H

H—O——S0;H

-0

H

H
—
(0]
~N
H : : ; ~H
> ’ 0——SO:H

no rearrangement
problems

carbocation _possibilities
1. rearrange

2. add nucleophile

3. lose beta H

H

H 0——S03H

H
H——0——S0;H
—_—

H
H
H
—_—
rearrangement

\K\
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314/315 reactions and mechanisms through topic 11 and some of topic 12 12

6. Alcohol Reactions (Sy and E reactions) (oxidation reactions with CrO3, with water - acids and ketones and without
water > aldehydes and ketones) (1. tosylate synthesis 2. Sy2 with NaBr = RBr) (SOCI,,/ SOBr; , PCls/PBr; > RX
compounds from alcohols, can also make acid halides) (formation of alkoxides with NaH which can form ethers and
esters — Sy2 above and acyl substitution with acid chlorides)

Examples of important patterns to know in our course (plus a few others).
methyl and primary secondary tertiary special examples

HyC——OH

vinyl enol is unstable,

\/\ keto tautomer preferred
OH

OH

/\OH
\/\
OH
allylic

)\OH
\*OH T
/\/\ 1°,2°%and 3°
OH
OH
OH \H\OH phenyl
benzylic
OH OH 1°,2%and 3°
/Y\OH O/ OH

Th
varei;?i?):]es.many 1° neopentyl

a. HX + ROH (Sy2 at methyl and primary ROH and Sy1 at secondary, tertiary, allylic and benzylic ROH in our course,

HX = HCI, HBr, HI)

Br
H
H H \/\
\/\O/ —_— \/\O/ - . Br O/
| | —> H30+
H—-Br ! H
| H H — H,0"
~ 3
H O
H
o T o — — \)\
R H |
Br H\ /H — H,0*
H © H
H
O/ — O/ - .
R H H
H—-Br H H Br
Br
Syl and E1 are +
possible here, but H
not shown.
H
El + S\l Br
no R/S
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314/315 reactions and mechanisms through topic 11 and some of topic 12 13

b. Formation of tosylates from ROH + TsCl (toluenesulfonyl chloride = tosyl chloride), S\/E chemistry is possible

¢ HCI compare

separate
1. TsCI/pyrldlne step
2. NaCl o,
Cl (prevents R* formation s ci

rearrangement and any rearrangement)

and
R,S (racemic) alkyl tosylate = RX compound

c. Thionyl chloride with methyl, 1° ROH = acyl-like substitution at SOCI,, then Sy2 at methyl and primary RX.

synthesis of an alkyl chloride from an alcohol + thionyl chloride (SOCI,) [can also make RBr from SOBr,] o
c I
0 Q cl Ha
S
|| Ho \ / P
\ — R O
PN /H /.S.’\ - R/ ~ / Cl |
substitution | Sy2 at methyl and
_________________________________________________________________________________________________ primary alcohols
No rearrangement because no R*. o o
Cl
o ” | !
| | /§ — CH2 /"\C|
S. « 0O R/ O
O/ | Cl product |
H—CI H H

Thionyl chloride with 2° and 3° ROH = acyl substitution, then Sy1 (there are various ways you can write this mechanism)

synthesis of an alkyl chloride from an alcohol + thionyl chloride (SOCI,) [can also make RBr from SOBr,] o
i \/L /S\CI
| S\cr
e /§\
(o) cl cl acyl like H cl
R substitution
H ‘ Sn1 at secondary and
""""""""""""""""""""""""""""""""""""""""""""""""""""""" tertiary alcohols
0
cl ||
) \/L / i
/ Cl
H
H H—ClI
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314/315 reactions and mechanisms through topic 11 and some of topic 12 14

Synthesis of acid chlorides from acids + thionyl chloride (SOCI,), use the carbonyl oxygen over the OH.

Q cl Q cl Q cl
S/ resonance \S/ \S/
ﬁ TS SR
R C\o/ " a §\C| ﬂ H l H l H : Base
N N N
_________________________________________________________________________________________________ Qg
S N \/
o Tl
; lL | T
¢l “ Sl - c
R \o C cl
acylium ion v \o H— Base
resonance

d. Formation of esters from ROH + acid chlorides and amides from RNH, or R,NH + acid chlorides

ester synthesis from acid chloride and alcohols

O
0 o o
o cl - R | R |

R
e
(0)
R H ¢ H |
H
O
There are many variations of ROH and He_ /R
RCO,H joined together by oxygen. T
o
. L S
amide synthesis from acid chloride and amines o
Cl O Cl
o)
R R
- " )k — N>< N
- e
N cl /\ /\ R
| H H H H H2N/
; ’
O
There are many variations of RNH, or R,NH R
and RCO,H joined together by nitrogen. R
T H3N/
H
e. Phosphorous tribromide (PBr3) = Sy2 at PBr3, then Sy2 (at methyl and primary ROH)
Br Br Br
Br\ | |
H P P
/\/\o/ —r > N N g e N o a
/ | Br | reacts
Br H twice
more
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15
Phosphorous tribromide (PBr3) = Sy2, then Syl (at secondary, tertiary, allylic and benzylic ROH)
Br Br Br
Br\ | |
H P P
o/ P—Br O/ \Br —> o/ \Br
s / | Br | reacts
" S 5 e
Br Br Br
Br\ | |
=)
[=]
/H P—Br ___» PN O/ \Br
R © / R o . | reacts
Br | H twice
H Br more
RS Br

f. CrO; oxidations of alcohols (methyl, 1° and 2° ROH) without water = PCC, Cr=0 addition, acid/base and E2 to form
C=0 (aldehydes and ketones)

Q / \N—H o
! 4 \N \\ _© <;> \\ o

H o
~ Q — N c
T Il . . e
A
HsC C o o HsC c
\C/|\H \C/|\H H3C\ /C\
M2y Ha ﬁz | :
H
primary alcohols / \
N
PCC = pyridinium chlorochromate oxidation
of primary alcohol to an aldehyde (no water to 0
hydrate the carbonyl group) \ o) \ /o
720 I o
_ H3C\ /c\ o
C H
Hy
aldehydes
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CrO; oxidations of alcohols (methyl, 1° and 2° ROH) without water = PCC, Cr=0 addition, acid/base and E2 to form
C=0 (aldehydes and ketones)

/ \ o / \N—H o
H N H \(\:<O — \\ O
~ Q — N X C
T l| c|) o c|)/ \o
2N, —
HsC c o o HsC C
\ﬁ/ | \CH3 N | \CH3 HSC\C/T\CH
2 H H2 Ho o *
secondary alcohols / \ l
N
O
PCC = pyridinium chlorochromate oxidation o \
of primary alcohol to an aldehyde (no water to / \ || by
hydrate the carbonyl group) N—H e I -
P 3
\C/ \CHS
Hy
ketones
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CrO; oxidations of alcohols (methyl, 1° and 2° ROH) with water = Jones reagent, Cr=0 addition by alcohol, acid/base and
E2 to form C=0, then hydration of C=0 and repeat reactions when 1° alcohol (forms carboxylic acids from primary
alcohols and ketones from secondary alcohols)

H
Ci\ ° o) Ci\ o
H o) H C PN -
\T | H/O\H \T/ o ’ " o C\o
Cr,
R - - |
HsC C HsC C
AU RN (0] O 3 N TN HsC C
5, | H b, | H N | Sy
H H Hy ]
: Jones = CrO3 / H,0O / acid H
Icohol 3’2
primary aicohols primary alcohols oxidize to carboxylic acids \ l
------------------- (water hydrates the carbonyl group, ~ ==-----================-=--------- O
which oxidizes a second time ) /
H H
H H o
o o o 9 \ A
| | N | SN
H3C\ /C\ ol HsC c i - " H3C\ /C\ ©
3
~
<H:2 H \E‘/ H hydration of 5 , H
2
the aldehyde aldehydes (cont. in water)
[e) H
l PN
H H (|) H H o
/H H\ H H \ -
T H O 9 i \O/ \O
RN /C_O< T HaC <|: o <|:| |
3 I
(|_:|2 \H Ny \C/ \ O/ \O H3C\ /C—O\
H, H H —_— ﬁ H
second oxidation of the carbonyl hydrate ? H
o i l
0
0
\
SN PN \\ ~°
o H Clae
ﬁ 7
HsC C |
H \C/ \O/H - ch\ /C—O\
H, c y H
2
o carboxylic acids
H/ \H /O\
H H
g. Formation of alkoxide from ROH + NaH or KH (acid/base reaction)
Na® H—H \/ Br Na  Br
/H \)\
0 H o — o N
R R react with RX, Sp2 > E2 R

at methyl & 1° RX
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h. Dehydration to alkene (E1) from ROH + H,SO4/A (possibility of rearrangements)

o)
Water ends up as \o/ O—”—OH |
Hs0* in H,S0,. | I Ho—ﬁ—o H
H o)
H H
~ 0—S—O0H /
(0] (o) H H
R / ” — R — -
H H H
H
H
~ I
o O—S—OH

o] /H
H H o) |
Water ends up as o O_!_OH Ho—ﬁ—o Z H o
H30" in H,S0,. I o) Only the major \O—!—OH
H o) alkene is shown

' |
o

Z:\classes\315\315 Handouts\arrow pushing mechs, probs[1].doc



314/315 reactions and mechanisms through topic 11 and some of topic 12 19

Epoxide reactions

a. Examples of important patterns to know from our starting materials.

We can make epoxides from alkenes using 1. Br,/H,O, 2. NaOH. (Later we’ll make epoxides using mCPBA too.)

step 1 - make bromohydrin from alkenes Br bromohydrin B
Br
Br——Br H
Br I |
/\ — o
— PN
Br /o\ /O\ /O H H
a little tricky, H H o H H H
requires 3 arrows
to make bromonium o
bridge H
Snl-like attack step 2 - make
at more &+ carbon, epoxideby o
from the backside reacting with HO
step 2 - make epoxide by reacting with HO®
Br Br Br
—_— —_— \<‘
ﬁ) ﬁ) |
/O ° o
epoxide synthesis from bromohydrin
Br Br
mild base
—_ _— /\<‘
S S (¢}
o S
~ O o e}
. H \H H/ \H epoxides
bromohydrins
Strong nucleophile conditions - Sy2 like attack at less hindered epoxide carbon, and workup (overall addition)
2. workup H
Na Na o O/ H,0
0] %
O0—H OH H—O0H,
R _ R R
hydroxide
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2. workup
Na H
(o] e 7 O/ H,0
—_—
/\ O -
/<1 0 ~_~ = H—OH, )\/o
alkoxides R
(ethoxide)
2. workup H
Na Na o o o H,0
(0]
_ 4 H——0H;, %
C—=CH
R terminal R R
acetylide
2. workup H
Na Na o L o H,0
(0] N N
/<1 = )\/ Z o /K/ &
C: N
R . R R
cyanide
a o P
o)

Nucleophilic hydride = sodium borohydride (NaBH,) and lithium aluminum hydride (LiAlH, = LAH), [deuterium is used
below to show reaction site]

Na
0 D o 2. workup /H H,0
| - 0
e
/<1 D—B—D )\/D
R | ® H—OH, D
D Na R R
sodium borodeuteride
sodium borhydride
Li :
D Li H
o ~ H,0
0 | 2. workup 0 2
\/<1 D—AI—D b
R | ] 0
D R H—OH,
lithium aluminium deuteride R
lithium aluminium hydride (LAH)
Epoxide reactions in acid conditions — Sy1-like conditions, attack at more 6+ carbon.
H
0 H—O—H o— "
R OH H OH
R S H—O0—H S
H—O—H R :
H (compare to base reaction)
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H
0 | /H
H——O——CH, o)
OH OH
/<1 —_— /<1 —_— H3C\O E— H3C\O
S
R | H—O——H s

H——O——CHs R

(compare to base reaction)

Li .
Li 2. workup
{ :
AT ? N—H H c|) H
- (0] YT o
4< \/<1 4< AN — AN
LDA = lithium allylic alcohols
diisopropylamine

(always a base)

allylic alcohols

other allylic alcohols we can make (from epoxides, which come from alkenes)

S AN )\/OH
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Alkene and Alkyne reactions

Examples of important patterns to know.

T~ A O

other patterns showing regioselectivity and stereoselectivity

alkynes /
/

We can make alkenes from RX (E2 reactions) and ROH (H,SO4/A), and alkynes from RX, (NaNRy), for now.

a. C=C addition reaction with H-CI (H-Br and H-I are similar), Markovnikov addition forms most stable carbocation

There isn't any lone pair, so you have to use the pi electrons as the nucleophile.

H
H H
H
H—ClI —_— H > Cl
CHs cH, @ CH,

Reaction with acid forms
the most stable carbocation
( rearrangements are possible )

b. C=C aqueous acid hydration reaction, goes via top/bottom addition (hydration of an alkene)

There isn't any lone pair, so you have to use the pi electrons as the nucleophile. H
o
H | O—_
H - H
H3C\ /(H:\ — HsC C ? H H3C\ /C\
3 o
¢ Ncn, H—O0—H N en / S CHy
H, i, 3 H
l H—O—H
hydration of an alkene with aqueous acid H
form most stable carbocation H | H
( rearrangements are possible ) | /o
HsC C - 0—
3 NN H (6] H
ﬁ CHs
2
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C=C addition reaction (hydration of an alkene), with rearrangement
There isn't any lone pair, so you have to use the pi electrons as the nucleophile.

) T H\ /H

H H

HaC C | —_— NN
~_ 7 HsC c — C CH
CH \CHZ H—O——H \c|:/ ch, | 3 \O—H
| CHs
CHs CH, l
hydration of an alkene with aqueous acid H H H H
form most stable carbocation \ / \ /
(' rearrangements are possible ) HsC C H-C c
\C/ \CH3 - 3 \C/ \CH
e | -~ :
3 HsC |
H o\ H 5
| H / ~y
H—O—H H—O H
c. C=C addition reaction (ether synthesis from an alkene by addition of alcohols)
There isn't any lone pair, so you have to use the pi electrons as the nucleophile. (|3H3
H
H | | O~
H3C\ /CH:\ —>  H4C c O CH, H3C\ /C\
3 —_—
¢ g, H—O0—cH, o \CH3 / g CHy
H, 5 H
(CH30H / TsOH)
H_O_CH3
hydration of an alkene with aqueous acid CHg
form most stable carbocation H | H
( rearrangements are possible ) | /o |
HsC c H——O——CH,
\C/ \CH3
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d. C=C addition reaction (ether synthesis from an alkene by addition of alcohols), with rearrangement
There isn't any lone pair, so you have to use the pi electrons as the nucleophile.

) T H\ /H

H H HsC c HsC
H3C C | — N O
Sov” X He | < — c CHj
e Nch, H—O—CH;, ST e, | \o y
| CHa
CHs CH
(CH30OH / TsOH) 3 l
ether synthesis from an alkene with alcoholic acid H H H H
form most stable carbocation \ / \ /
( rearrangements are possible ) HaC C HaC d
\C/ \CH3 3 \C/ \CH
H C/ | e 3
H o H 5
\CH3 / / \CH
HsC——O—H HsC—O H 3

e. Mercuration, reduction — minimizes rearrangements

f. Hydration of alkynes (Markovnikov addition forms most stable carbocation), enol intermediate tautomerizes to keto
tamtomer. (The Hg*? has been left out of the mechanism to simplify the mechanism.)

There isn't any lone pair, so you have to use the pi electrons as the nucleophile.

i |
H +2
- H Hg*? catalyst H HsC.. ~C—
c//C | — cZ C~n | 7T H
~ —O—H - — - |
HsC H HsC O—H
3 3 /O\
L
. H—O
T H I T H T l
- H H
H,C C— < - H
N~ TH HeC _C—y H3C\C ey H_(I)_H |
H o) resonance o) C
~ ~ |
H—(|)—H ~ " 0 - O
H™ OH H
g. Bromination of alkenes, goes via anti addition
a little tricky, Br
Br—Br requires 3 arrows
to make bridge ﬁ/\gr
—_—
/\ bridging cation Br Br

prevents rearrangement,
attack at more partial
positive carbon
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C=C addition reaction

Br—Br

CHs
alkenes / alkynes

no rearrangement
because of bridging

25
Br
Br
» ) CH;
2 Br “w,
CHs3 /Br

bromide attacks at

more partial positive stereoselective = anti addition

Br cation carbon regioselective = none
h. Bromhydrin formation from alkenes, goes via anti addition
a I!ttle tricky, Br Br

g, eduires 3arrows /</ o Br

> e .
0
/\ /O H/
o]
H \H PN
- . o] H H H——O0H,
bridging cation H/ \H

prevents rearrangement,
attack at more partial
positive carbon

water attacks at more

- o+ bromohydrins form
partial positive carbon

epoxides in mild base

C=C addition reaction

stereoselective = anti addition

Br regioselective = Markovnikov
Br——Br
Br Br
Br —_— —
—_— "/,// - CH3 CH3
7 ’, t,
CHj /CH3 /O\ //// /H I////o
alkenes / alkynes H H
no rearrangement H
because of bridging water attacks at more /0\ H
Br cation partial positive carbon H H
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i. Hydroboration of alkenes = anti-Markovnikov addition (opposite regioselectivity to normal hydration conditions)
G
anti-Markovnikov addition to C=C (hydration makes alcohols), two steps: 1 BH; 2. H,0,/HO

step 1 = concerted addition to C=C by borane

H\B/H R

| T twice |
\/\ l - . \)\/B\H _more_ \/\/B\R

trialkylborane
alkenes

step 2 = oxidation by hydrogen peroxide and rearrangement to anti-Markovnikov alcohol

R o R
| o | R.__-R
B B B
\/\/ \R \/\/ | o |
o] o]
trialkylborane on N O
H
R R l
) ~. 7
twice < B R R
more | ~o .,
OH . | \O/
o]
GG \/\/O
H o)
. . \/\/ e O\
anti-Markovnikov alcohol H H
J. bromination “anti” — looks very similar to hydration reaction, just above
©
anti-Markovnikov addition to C=C (bromination makes R-Br), two steps: 1 BH; 2. Br,/CH;0
step 1 = concerted addition to C=C by borane
H H
~No R
B H H twice |
\/\ | | more \/\/B\
H - B\H - R
trialkylborane
alkenes
‘step 2 = oxidation by bromine and rearrangement to anti-Markovnikov R-Br
R Br R
| B~ | R R
B B
\/\/ ~ \/\/ ~
R T | R T |
. Br. Br
trialkylborane O—CH;s gy N~
l O—CHj,
/Br R\ v R
twice Br R R
more B — ~NL
\ - (o)
CH,
\/\/ Br \/\/ o
o
anti-Markovnikov bromoalkane H/ \H
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k. Hydroboration of alkynes = anti-Markovnikov addition (opposite regioselectivity to normal conditions)

©
anti-Markovnikov addition to CC (hydration makes aldehydes), two steps: 1 R,BH 2. H,0,/HO
step 1 = concerted addition to CC by dialkylborane

H R
~z

/\ " — \)\/I\R

R = sterically large group
alkenes so addition only occurs once

step 2 = oxidation by hydrogen peroxide and rearrangement to anti-Markovnikov aldehyde

H R T
R R
I|3 \)\/B " e
X \R - = | — = |
O (0]
trialkylborane O\O M / N °

| -
R R
g ~o
| - H |\O/
H A on \)\/O
o o
\)\/ -~ \)\/ w O\H
enolate = resonance
l H H
\O/
\/YO
H

anti-Markovnikov aldehyde
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Reduction of alkynes (Z and E alkenes)

Birch conditions (Na / NH,)
radical anion

(scﬁv”;m) A~

\/\/

. O, © ..
-
H  E-alkenes H

Pd / H, quinoline (Lindlar's cat) / H
H
N
/M H 7N | /N /\ /
/ SN—Pd : | . B N—wa‘ . B N——Td
H B H\]
/

catalyst = repeat reaction

H Z-alkenes
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Aldehyde and Ketone reactions

Examples of important patterns to know from our starting materials.

|O

| i i I
C /\)‘k
P )kH \)LH H
methanal
(formaldehyde)

SO U

We can make aldehydes and ketones from alcohols and alkynes (for now).

a. C=0 addition with organolithium reagent, and workup (use n-butyl lithium, methy! lithium or phenyl lithium, others
are coming)

Li

H
~ H,0
0 C) H2 . 0 2. workup 0 2
\)k \ / \ o \)\/\/
Ho it o H——OH,
aldehyde n-butyl lithium RIS 20 alcohol
/H
. 0
o) Li 2. workup H,0
CH3 —_— CH3
—_— H—OH,
organolithium or Li
organomagnesium cl cl
aldehydes or ketones reagents 2° or 3° alcohols

b. C=0 addition with terminal acetylides to form propargylic alcohols or with cyanide to form cyanohydrins

o O  Na 2 workup o—" H,0
Na C=cH ,__
- ~ H—OH, C==CH
H C=—=CH H Li
Cl
aldehyde or ketone terminal cl : propargylic
acetylide alcohols
C=0 addition with cyanide forming cyanohydrin
o O Na 2 workup o—H H,0
Na C=N —_—
— ~ H—OH, C=N
H C=N H Li
Cl H ; Cl
aldehyde or ketone cyanohydrins
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c. Nucleophilic hydride = sodium borohydride (NaBH,) and lithium aluminum hydride (LiAlH, = LAH), [deuterium is
used below to show reaction site]

H
o
Na
(o] T o 2. workup
) S S - :
H | ® D H——OH, H H20
ldehvd p Na 1° alcohol
aldenyee  sodium borodeuteride H Notice: D was nucleophilic hydrogen
sodium borhydride and H (on O) was electrophilic hydrogen
H
o
Na
o '|3 o 2. workup
\)k D——B—D - . —_— D
| ® D H——O0H, H20
Ketone p Na 2° alcohol
sodium borodeuteride RIS Notice: D was nucleophilic hydrogen
sodium borhydride and H (on O) was electrophilic hydrogen
d. Hydration of C=0 in acid or base conditions (also tautomerization conditions, competing reactions)
Hydration of C=0 is similar to making acetals and ketals and hydrolysis of esters
H
/H ~

H H
O O/ O/
H H
)k ~ o/ )|\ resonance)\
H H H 0 S
\Q/

acid conditions

=
H
.

base conditions H H
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e. Ketone to hemi-ketal to ketal and aldehyde to hemi-acetal to acetal (protects C=0 as ether during other reactions
conditions)

Making a ketal (acetals are similar) . - ) H
/
H H _
o} H—OTs o P o - o .
)J\ /\/OH | respnance
- o OH
\\/0\ OoT: \\/O
! S
functional ket ’
group = etone
\O/
H H H .
| So” o~ H H

/
\

H I N — .
5 O -y T

resonance

water controls the direction of equilibrium
common name =

Remove H,0 shifts equilibrium to the

Adding H,0 shifts equilibrium to the

Deprotection of ketal (acetal) to regenerate ketone or aldehyde, Sy1 reaction, then E1 reaction to form C=0 (deprotection
of a ketone or aldehyde)

I Hydrolysis of a ketal back to a ketone and ethylene glycol (acetals are similar and go back to aldehydes and ethylene glycol)

>

H H
~s" H H
//’\O T O/_\\ \O/ O/\‘ O/\‘ O/\‘
H o) -~ o, = OH
)\ AN )\ AN \i/
(H,S0O4/H,0) 4 . (o}
v \H
common hame = o
v \H o)
H O. H/ \H
o NN,
H
~ H H
H\o/ " O/\‘ ' O/\‘
OH | OH
H s - ES H
e} 0 o o
W W e H/O
functional H/O\H

group = . I
Remove H,0 shifts equilibrium to the

Adding H,0 shifts equilibrium to the
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Still to do

Primary amines = imines - reduced to amines with sodium cyanoborohydride (can form 1°, 2°, 3° amines)
Secondary amines + C=0 - enamines -> react with electrophiles + hydrolyze - ketones with new bonds

THP protection of alcohols & deprotection

Wittig reactions (ylid + C=0) - Z alkenes (no rearrangements)

Cuprate reactions (couple with RX, with acid chlorides - ketones, with a,B-unsaturared C=0 - conjugate addition)

DIBAH reactions (with nitriles, acid chlorides, esters - aldehydes)
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Carboxylic acids and derivatives — reactions

Examples of important patterns to know from our starting materials.

)k \)k /\)k I I
)k Ph\)k
methanmc aC|d Ph OH OH

(formic acid)

O] O O @] O
)k \)k /\)k I |
C
~
R OR OR OR OR )k Ph\)k
Ph OR OR

methanoate esters

(formic esters)
methanamldes w)}\
(formamides) (1°, 2° and 3° amides are possible)

o] o] (0] 0] o
methanoyl o
chloride
is not stable cl cl Cl Cl Ph
Ph Cl Cl

We can make carboxylic acids from 1° alcohols, aldehydes and nitriles (for now).

a. Base hydrolysis of esters

ester base hydrolysis = saponification

o Na Na Na

[ o— ° o—r

0

c R R—C|Z—O/ _— ||

R/ \O/ /O\ | Ie H
H H ! R/ \o/
N
_____ L S SR ﬂ
H 6]
o) / 5 5 H/ \R
(e}
U y H/ \H resonance || alcohol
-

R/ o~ P P
carboxylic acid 2. workup R o R © Na

Y (neutralize carboxylate)
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b. acid chloride + ROH = esters (notice two different R groups joined together by an oxygen)

ester synthesis from acyl substition at an acid chloride with an alcohol

I
(0] (0] c R
H /R | /R c|)| N
/c\ 0 - R—C—0 —
R c \ N T SR i
H Cl R T |
acid chloride o o
Cl H v R W R
c. acid chloride + RNH, = 2° amides (notice two different R groups joined together by a nitrogen)
o)
secondary amide synthesis from acyl substition at an acid chloride with a primary amine ”
C R
ﬁ /R T /R ﬁ R/ \N/
. — c—NZA— C R
/C\ H N —_— > R C N H —— / \ / e ||_|
R cl \ \ R 2N
acid chloride cl H H,N—R HN—R
d. Synthesis of acid chlorides, acyl substitution, twice
synthesis of an acid chloride from an acid + thionyl chloride (SOCI,)
o] o) o]
cl cl cl
S/ resonance / \ /
ﬁ ﬁ O/ \CI O/S\CI O/S\CI
R/C\O/H CI/§\CI ﬂ H l H l H : Base
R/ \O/ R/ \O/ R/ \O/
o]
------------------------------------------------------------------------------------------------- cl
. \ \/
o ” o el
resonance s ” |
cl o _S—q - !
e I
C -~ R—C=—/0 = R—C—0 ~~—o | R o
" \o T C cl
R R/ \O H—Base
acylium ion
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e. acyl substitution, then two elimination reactions

synthesis of a nitrile from an 1° amide + thionyl chloride (SOCI,)

O\ /Cl O\ /CI O\ /Cl
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f. addition reaction (hydration) to imidate, tautomers to amide, acyl substitution to carboxylic acid

HCI / H,0 hydrolysis of a nitrile to an amide (in H,SO, / H,O hydrolysis continues on to a carboxylic acid)

T
H H N
/N ’ N/ _H 3C\C4
e _C | —_— C// resonance N |
’ H—O—H H3C/ C o)
H,C / ~
H—O—H H H
H
____________________________________________________________________________________________ e
: b«
T ! T .
HsC N— HsC N HC N~ H4C IL
N TH .~ "H N TH N
|| - ¢ - | C H
0 resonance | resonance A - | |
™~ ~ ™~ O H—O——H
L H H | ™~
H H H
| hydroxamic acid
O T
ﬂ H H
L eTmemmemmemmmn Ll
| ! y H
HSC\C/ N\H H H.C N\ O/ H.C ’L
|| e
5 H—O—H | H |\O—H
—_— O - O
1° amides \H H/ ,L H
stop here in HCI/H,O see resonance structures o/
; . 2 directly ab
(continue on in H,SO4/H,0) Irectly ahove ﬂ \
____________________________________________________________________________________________ H
H
. T e
H5C - H 3 —
| H o~ H |\o
—— ~ [—— 0) | H
0 — ™o — P
H _© | H H
H H H—O—H
resonancei H ----------------------------------------- H -------------------
|+ HaC o |/H
H3C\ H3C\ L N<H \C/ /N\H
c—o0 ¢ O\ H
-
| \H resonance | H - o) most stable cation drives
o /O H/ equilibrium to completion
e H

carboxylic acids (in H,SO4/A)
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