314/315 reactions and mechanisms through topic 11 and some of topic 12 1

These same reaction schemes are available without the mechanistic details, so you can practice filling in those details.

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. Identify 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.

Free radical substitution at sp® C-H (overall reaction)

hv
— &—H Br—Br —_ ——C—Br Br——H
sp3 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.

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

cLS\ N\ [

PN -Br: — > AR H—.B.r .
HyC CHs ) bromine atom attacks the HsC b CH, t
step 2b = propagation weakest C-H bond the fastest
/’\ : f3r :
A —_— .Br:
H3C Br Br the carbon free radical /CH\ :
H "attacks the weakest bond, Br-Br  HsC CH, (repeat)

step 3 = termination - two free radicals encounter on another, pure release of energy, this is a rare event

T/_\‘(_\ tBr:

/

- CH
H He” O CH,
These RX compounds can be made using free radical substitution of alkanes. o
Br Br Br
I RO
Br 1° benzylic 2° benzylic

These RX compounds cannot be made using free radical substitution of alkanes.
Br
/\/BI‘ Br
\/\/ Br
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314/315 reactions and mechanisms through topic 11 and some of topic 12 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 from RX compounds, and we left out using Sy2 chemistry using ketone and ester enolates, dithianes
and cuprate chemistry.

ea“@/\v
0 N ) )
3C—Br — /;\ H\/\Br. / Bre

® :0 — A : .. E2 > S\2 using potassmmt butoxide with most reactive
K ‘Y e only Sy2 at methyl Hsy RX compounds (in our course)
H
Na® N\ /2 new alkyne 5 Na(? same alkyne
—_ .. : |.3.r : ) é—v —r S
HC=Cc' /\.Br: . /\ B Ho=c" /2 HC=C—H ]
make terminal ) alkynes S ol -
acetylides mainly Sy2 > E2 at methyl and 1° RX mainly E2 at 2° & 3° RX
H
nitrile Na® «N=C—H
© / L D e
. ©
PN==C /M c 1Y |N=C: /)_> D
\\N . N .
mainly Sy2 > E2 at methyl, 1° and 2° RX : E2 at 3°RX

.. “Br, o'-
‘o’ Na® D)
© —
)k.d', ester ¢an react } g\/) )k )J\
T further to form
o Na® N

mainly Sy2 > E2 at methyl, 1° and 2° RX 29 alcohol E2 at 3° RX

acyl substitution - further reaction with NaOH at ester can be used to make secondary alcohols = base hydrolysis (see imides on next page)
. .20
o : Na69 07, Na® e

G- - du

2° ROH, minor products using RX + NaOH

.. © - )

H 66 /\/Br.' "OH PBre Na® © H “Br:
G T - S —3: — !
Sy2 > E2 at methyl and 1° RX ~ \jA 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 = acid/base (in our course)

.- .9 H C—O H .. ©

Na® N we Bri |0 _ 7 :Br:
) o) . H5C O : .

H,C—O :_,/ /\

' . N
make mainly Sy2 > E2 at methyl and 1° RX 2® \jA mainly E2 at 2° & 3° RX
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314/315 reactions and mechanisms through topic 11 and some of topic 12 3

make alkoxides from alcohols and sodium hydride

‘H o h
&\/“(fe . ome—g: T /\OS
@

@
HsCc—0 Na ® Na
3 -~ Na Na®
Using Sy2 reaction to make primary (1°) amines
a. Gabriel amine synthesis
make imidate nucleophile - acid/base chemistry o ‘o
e 0: o . . ® : O . *
.e 0+ Na E
/T i0—H Q D _
.. ¥ N
N—H — NT o \N. - /
v Ne® ¢ '
a S) 7 O'-
O: pK, = 0O . .O: e.-
~S\2 reaction of imidate anion at methyl, 1°and 20RX T s
. . - Na
. . . O .
P Na® .. ©
:Br: H N/\/
. *. oy 2
S VA N
o NG Br. > 1 — primary amine
0: Sn2 reactions with alkyl imide , O acyl substitution mechanism

methyl, 1° and 2° RX shown, just below

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

©

oe H ..
”\H\/. e l .,e/._ :
primary amine H—Q:

(target)

Na Br . .
.- SH oo Na® Q\ . 1Br:
/ N Br. S\
. . —_—
H—=S

: thiol
= o // thioether

Sn2 > E2 at methyl, 1° and 2° RX HC—2 ©  Sn2>E2atmethyl, 1° and 2° RX
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314/315 reactions and mechanisms through topic 11 and some of topic 12

4

Nucleophilic hydride = sodium borohydride (NaBH,) and lithium aluminum hydride (LiAIH, = LAH), [deuterium is used

below to show reaction site] — Sy2 reaction at Me, 1° and 2° RX.

D Na®
o | D—B—D Na@ .. © D L|
D_B_/D—_\ |D . .BI' .
D Br., T D
reacts 4x reacts 4x

|
D— A|— \)\/} — e
0

D—AI—D )
Li

) ////

D

Alkyl carbanions (lithium and magnesium) are poor nucleophiles with RX compounds, [but cuprates work well]

) poor yields, too @
H, . many side reactions, H2
C CH
H c/ \C/ NN Br later we will use / \ /
8 H, —_— cuprates to make H
@ poor this reaction work P
Li reaction Li

poor yields, too
many side reactions,

Br later we will use
> cuprates to make
poor this reaction work

reaction

Other copper reactions are shown Iater

: I-3-r:
K_\\ @ Br.‘ /\/\@/\/\ Q
/\/CHZ —"> Ca
; ®
n-butyl lithium (twice) Li

(Very strong baSE) transmetallation d|a|ky| cuprate RX Compound

.~
S
<
.~

~

via "Sy2-like" reaction, newly formed
C-C bond becomes lost among others
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314/315 reactions and mechanisms through topic 11 and some of topic 12 5

Acyl substitution, and similar to imide hydrolysis on page 3

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

. esters
o~

0" . i
> 10 : (0' H/'o
I U

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

Sometimes we want the acid, sometimes we want the alcohol and sometimes we want both of them.

E2 reactions with R-X patterns, usually with potassium t-butoxide (in our course) as the base (to make alkenes) and
NaNR; as the base (in our course) with dibromoalkanes (to make alkynes). Sy2 can be very weak competition (that we
ignore). 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)

@
>U\ 5 S
O

potassium hydride . ".@
(always a base) )

>L/ f‘-iB'f' L
- LBEGD >

N

”.3}_‘3 ..O
H
D) o
0 S —
____» H

(O]

::Br:
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314/315 reactions and mechanisms through topic 11 and some of topic 12 6

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

make the alkyne (two E2 reactions and terminal sp C-H (pK, = 25) is lost to the amide anion (conj. acid, NH3, pK, = 37)
.. 0

e o . Ry - further
.Br°Br, RZN XBV = . R,N—H Bre can't stop this Na® reaction
\/ ) : {\ H o possible
H C - H /c L Na® . —
N~ N NG ZN .
c H c H — / K s
~ ) 7 = .
H | | . _C H—NR,
e :NR, H H—NR, pK P i pK, =37
.0 .. 0
PRI RoN : :Br: ..© . “Br:
.Br*Br. ® 2 iBr cpre RRN—/H - ' i
\/ S Na ) | *Br: 2 o can(;stop this o further
H C > H N\ _C 3 CH;  reaction
\C/ \CH \C/ \ . Q‘ / N_a» Na /C/ ’ possible
~ 3 o) C 7 —_—
H | S | .. -C
b~ :NR, H H—NR, L /\ NR; © H—ANR,
pKa =25 pK, = 37
Ph = phenyl e =)
SIS R.N : cRrt . . :Br: ' i
..Br\/Br_- Na@ 2 ) XTr . Br? R;N—H - can't stop this further
) . @ reaction
H C . H /\/C &\/H Na® Na e possible
\ 2N NN C .
H C H —_— = —_— . e
= c
/| © | . P ° .. G .
He———":NR, Ph  H—NR, Ph PNRp 7 H—NR,
pKa =25 pK, =37

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.

@ 2. workup @ 2. workup .. ©
make e e H ) y Na @ /\ Ny IBr:
above /C O e (/ Br

H — - _C H / react with RX (Sy2)

mild acid neutralize H only methyl & 1° RX

Q ‘0" "
'OH

N(aB o @ A —_—
o _S 3. workup /YQH Na AN 3. workup
ez Z c* -
C/ react with H C// . %
H

~ . H react with
H epoxide (Sn2) H/ c=0
make @ 2. workup ® 2. workup .. ©
f Na © _—»H Na /\ ; 1Br:
bovt ct el H °.L e HC h
above = o ~ c* (/ r.
—_— /C/ o //C C// - — %
H,C — € he react with RX (Sn2)
mild acid neutralize HsC 3 only methyl & 1° RX
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314/315 reactions and mechanisms through topic 11 and some of topic 12 7

N

2 OH
NS — OH /\v
a
S _S 3.workup " Na @ /\ 3. Workup
/C ) / /
_C = react with HyC Fwith =
HsC epoxide (Sy2) H3 reac_W|
o) 2. workup ® 2. workup .. 9
make «Rp .
fom Na o © —— T H Na o />\ " Ph B
above //C ) @ D C/ c* (/Br 5
- __°c C// C// %
Ph —_— v react with RX (Sy2)
mild acid neutralize P Ph

only methyl & 1° RX

/\ :OH
@ .
—_— ¢
Na o - B 3. workup / of Na @ /\ A 3 Workup
/C * / /
7 react with Ph =

Ph epoxide (S\2) Ph react wrth

Examples of useful Sy1 reactions — Syl and E1 reactions require 2°, 3° allylic or benzylic RX so that an energetically
stable carbocation can form. Useful reactions should not have rearrangement possibilities. We assume Sy1 > E1. Our
only synthetically useful reaction is: ROH + H,SO,/A - alkenes.

Sn1 and E1 possibilities (make carbocation = 1. rearrangement, 2. add nucleophile, 3. lose beta proton). This example

shows all three possibilities and would not be synthetically useful. Three weak nucleophiles in our course are H,O, ROH
and RCO,H

.9 H H
!Br: d~o
‘tearrangement e
e
H
R /) without /
Y Br. water
5 Eand Z
-.o.o
~ \H
a ¢c
with Water T
9
\/
z E H )
= = . f H
Eand Z ‘0 >
add top v Dy add top .0 ®
and bottom i and bottom (/\
(no difference i

H
| in this example)
O:
/\Q<"
H

Rand S
diastereomers
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314/315 reactions and mechanisms through topic 11 and some of topic 12 8

. @ alcohols

. water . Ho ¥\ _H /
Ng 1Br: \06 k\ 1. L.G. leaves
/ \\ 2. H-Nu: adds
3. lose H*
ethers
alcohc‘)ls. ) Br H3C\(\/ |_|A/\.. . ) .,/ Hs
(Br / ~ - .Op O ‘0 T 1. L.G. leaves
" | \)\ H — - \)\ @o Tt
e +
— \)\_> u \CH3 3. lose H
® Rand S
carboxylic . .. -H KPS
acid OH et \ Q T
) ) . ) ester g .
tBr: N O ‘OH B
. 10, o’ o 1. L.G. leaves
<Br : \H (r]® \)\ 2. H-Nu: adds
— \)\ — 3. lose H*
® Rand S resonance
S i 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 Syl reaction, the usual winner. Rearrangements
are possible, with the most stable carbocation usually leading to the major alkene product (most substituted alkene).

H
. H_® _H
N\ /\ N = 1. protonate ROH

e .0 :O—SO;H
H—O0——S0OzH : ) ( . 8 2. water leaves
U ¥\ H 3. lose H* in E1 reaction
—— ® carbocation possibilities

1. rearrange

no rearrangement 2. add nucleophile
problems 3. lose beta H
H
C‘ H—O—SOsH T ®
@ —
o2, W,
H . P
U — ' ) carbocation possibilities
A 1. rearrange
no rearrangementk' Q SOsH 2. add nucleophile
problems 3. lose beta H
H
H—O—SO3H /\ 0_303

% P

most substituted alkene
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314/315 reactions and mechanisms through topic 11 and some of topic 12 9

Alcohol Reactions (Sy and E reactions) (Acid/base with HX acids = Sy2 & Sy1 reactions) (1. tosylate synthesis

2. Sy2 with NaBr - RBr) (SOCI,,/ SOBr, , PCl3/PBrs - RX compounds from alcohols, can also make acid halides)
(formation of alkoxides with NaH which can form ethers and esters — Sy2 above and acy! substitution with acid
chlorides), (oxidation reactions using CrO; + water - acids and ketones and without water - aldehydes and ketones)

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
allylic

\/'\OH :
/\/\ 1°,2°%and 3°
OH
OH
OH \H\OH phenyl
benzylic
: _LOH

OH 1°,2%and 3°
OH

There are many
variations. 1° neopentyl

a. HX + ROH (Sn2 at methyl and primary ROH and Sy1 at secondary, tertiary, allylic and benzylic ROH in our course,
HX = HCI, HBr, HI)

\ - H = HQ"
R O '- H rearrangement
H—Br S 1>E1 /

. <Br:
Syland Elare a +
possible here, but H
not shown.
o* H
BL+ Sy B no R/S
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314/315 reactions and mechanisms through topic 11 and some of topic 12 10

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

@ . @
compare \ l

separate
step
1. TsCl/pyridine . R O \\
2. NaCl S "’/C|

(prevents R* formation [
rearra;ngdement and any rearrangement)

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. SOBYr, is
also available.

synthesis of an alkyl chloride from an alcohol + thionyl chloride (SOCI,) [can also make RBr from SOBrz] ‘o
‘0 ) L0 el CI /_\ Hz
I o (NS /J/S\C.
S — c g, —> R
/\ / / \ R/ \O/ ol | ('B
R 0% \j NoR acyl-like | ® b
substitution b Sx2 at methyl and
_________________________________________________________________________________________________ primary alcohols
No rearrangement because no R*. ‘0 . e}
.. :Cl:
! o
I ® / - CH, . Rl
=S, - :0 o
R R
Q He (s ( | - © product |
b H<—_ Cl 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

ﬁ \/L(/ \/L /S\C'
T

S
H RN .
O/ CI °.C|.- acyl like H\_,_: 9' :
R substitution H
Syl at secondary and
------------------------------------------------------------------------------------------- * tertiary alcohols
. © Q
= o ||
- P O/ - -
ris H Yo',
R ™ H—CI
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314/315 reactions and mechanisms through topic 11 and some of topic 12 11

Synthesis of acid chlorides from acids + thlonyl chloride (SOCIZ) use the carbonyl oxygen over the OH.

cl 0 g
- ‘o \ % \S/ e
O| [ ) s / \CI & \CI ek
C H . T > resonance resonance
R No o |<l H |c H = (|: O 0 e
et N N V"V
R 0. R™® C/ o R ogf )
_________________________________________________________________________________________________ @ S) .:o ‘. .'C°I° .
0* .. AN
. © || "0° .°O'/S\CI:
el % 0
h °.O/ ' ../S\" . |
Ny ® N T .
amd chlorldes Ry R_C:6° - (|: © " g
made from U resonance @ R/ XO.' L& N
carboxylic acids acylium ion = - ase

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

ester synthesis from acid chloride and alcohols

H
. O -.
o esters ® _R
There are many variations of ROH and He %~
RCOCI joined together by oxygen. 0o
(o8 |
U S 2. SO
amide synthesis from acid chloride and amines ‘0 .0
‘0 ) :Cl:
/\ i ®
R
H o
acyl substitution ¢ H,N
H
-.O :
There are many variations of RNH, or R,NH R
and RCOCI joined together by nitrogen. : @ _ R
. H3N
amides |

e. Phosphorous tribromide (PBr3) = Sy2 at PBr3, then Sy2 (at methyl and primary ROH)

Br —1 Br I|3r
' |
\ /l o P N
/\/\ O/ \[3.“ _»/\/\Br '.O/ \[3“

P—Br
O _/_7 O|® | reacts
Sn2 H Sn2 twice
'- " more
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314/315 reactions and mechanisms through topic 11 and some of topic 12

Phosphorous tribromide (PBr3) = Sy2, then Syl (at secondary, tertiary, allylic and benzylic ROH)

.'e

12

:ér:

1Br: B
L/ ) .

|
o —> P .
. .0 _/—’ P—Br: @ Bl r, T reacts ors
/ Sp2 (/| : twice
Br N H SN2 at 1° RX H more

.0 . . “Br:
ﬂ :.I?r: - Br: ..I?;r: |
\ F|> . PN .
R ~Q - orl \ia.r @ -0 reacts Br:
'.Br/ SN2 O ® . H | twice
B H more

H Sylat2°, 3°RX +

RS Br

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

@
/N ¢ o L W e
H o NTTTN H.® \(\Zr/o . v \ /o
\T ————\” n py?jine DT/ \Q-. pyridinium ion :6/Cr\.o...
P — —
H3C\C/C|Z\H o/ \O HC\ /(|:\ H3C\ /C|I2
B2 Cr=+6 Ha h g |

primary alcohols

— E2
PCC = pyridinium chlorochromate oxidation pyridine l o

of primary alcohol to an aldehyde (no water to 0 . O .
hydrate the carbonyl group), CrOjs is reduced ® || : \ 0
and alcohol carbon is oxidized. / \ _ C C/ .
N—H \ N N
pyridinium ion aldehydes HZ Cr= +4
/\ S e N .G 7.8
.. N: N \\ / N—H \\ o>
H.. O- _ H_® _Cr - o
N N7 A — UG
o: ’_\ || e pyridine (/O o- pyridinium ion RGN
HsC i - AN T | - | )
S o Q BN HaC C
¢ | | N
H, Hz H c | CHs
ridine / A °H2 i
secondary alcohols by N \/A l E2
PCC = pyridinium chlorochromate oxidation — o
of primary alcohol to an aldehyde (no water to ® Kketones Xok O < ©
hydrate the carbonyl group), CrO; is reduced / A - || ‘ \ O A
and alcohol carbon is oxidized. N—H Hsc\ /C\ Cr/ -
— ‘. \\ .
pyridinium ion ﬁz CHs 0
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314/315 reactions and mechanisms through topic 11 and some of topic 12 13

CrO; oxidations of alcohols (methyl, 1° and 2° ROH) with water & acid = 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)

. e H
.. o .(i\ or ® | O\ 7 :
0 A 0 .
Ho . - H_® Cr N Y‘Cr
6T N C”r /) H/O\H (:O'/ \o' H H 5 \O.
HyC (|: o o HsC i > |
s \C/|\H s \C/|\H HsC\C/T\H
Hy H H2 HZ/
: Jones = CrO5 / H,0 / acid H
Icohol 3’172
primary alconols primary alcohols oxidize to carboxylic acids \ . l
------------------- (water hydrates the carbonyl group, ~ -----===-------====ccommmommmmmoo- o QF
which oxidizes a second time ) H / e
H . O
H ® H L. o- . .
> o ey N s
| > N |
H.C c® resonance H.C i HsC C O-
NG - 3 PR -~ NN -
ﬁz H \IC—:| H hydration of ﬁz H
2 the aldehyde aldehydes (cont. in water)
IS %
H H I
. PO 0 Y.
o7 H/\ S \5. T I \Ur t—~o" o
HsC C—oD Xy HsC C
N AN H5C C 0 O 0 e N
¢ N\ TN RV NN c” | 2o
H, H 5, 4 . 2 H \H
second oxidation of the carbonyl hydrate
©
o © H l :(5'7 ©
\_o ® <|D \ O
H ‘o ,Cr\\O . H H 5 /Cr\o"
® | C|: : | e
- HsC C
H/ \H \ - \Q/H - 3 \C |\O._
H2 Ho . \
carboxylic acids . H
/;O\/\j
H H

g. Formation of alkoxide from ROH + NaH or KH (acid/base reaction)

A e_’\)\./\’\S \)\

react with RX, Sy2 > E2
at methyl & 1° RX
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314/315 reactions and mechanisms through topic 11 and some of topic 12 14

h. Dehydration to alkene (E1) from ROH + H,SO4/A (possibility of rearrangements)

H
O HH '.O°°
.. " Je N
ﬁ QH " H : 0—S—OH
.0.

A — ||
H .0
—
+
H ® H “o* ok H/\ .. _H This is our only
© e .
Water ends up as \O.-/ . O— g OH - I / 0 proposed, potentially
H;0" in H,S0,. | S Hp—S—Q : | useful E1 reaction
H 0.
H Q.O.o
o '°é—g—6H H
R Y /J | - | @ - rearrangement® N/ H
\4 H ..O.° O
I
+ . O S— QH

I
H ® H 0" : O . /\ _H * .0.

Water ends up as \o./ ©

|
H30" in H,SO,. : O ﬁ_OH - HO —0: D / ‘o
H o ”
Only the major ‘0—S—0H
alkene is shown. / |
H -0
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314/315 reactions and mechanisms through topic 11 and some of topic 12 15

Epoxide reactions

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

We can make epoxides from alkenes using either 1. Br,/H,O, 2. NaOH. or we can make epoxides using mCPBA.

step 1 - make bromohydrin from alkenes : I.?;r : bromohydrin * Br :

/ Br—Br YA @. H o Bre
Br - —
/\/ Ll = S~ N

@) ® . 0]
*Br: PN PN P
a little tricky, " H V H H H H
requires 3 arrows . O.'
to make bromonium .
bridge S
Sn1-like attack step 2 - make
at more d+ carbon, epoxideby o
from the backside reacting with HO

step 2 - make epoxide by reacting with HOe

.0
mild anti :Br:
_base_ ) attack \<‘ "
—_—
o 0
O: .

He '--O\H H H

epoxide synthesis from bromohydrin
Br: IBr:

. ) anti
mild base attack

I — > /\<‘
e )
. S :
:OQ /\"O. s . s O

" SH NN C o 0]
) H © H/ \H epoxides

bromohydrins

Strong nucleophile conditions - Sy2 like attack at less hindered epoxide carbon, and workup (overall addition)

® ) 2. workup . _H P
® . . .
Na Na :0: - H20

o . @
/<1 ) O )\/O.H H—OH, SN
H . e
R R U R :
hydroxide
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314/315 reactions and mechanisms through topic 11 and some of topic 12 16

. Na® Na@ 6. - 2. workup o ._/H
0" o, e f\‘ — e WO -
/<[) ':O'\/_> ® .. 2
R ‘ ON_~ H—0OH, Sl _~
alkoxides R v R
(ethoxide)
S) 2. workup H
Na® 10 //\‘ . 10 / H,0
> — ®
terminal R R
acetylide
o 2. workup H
e - v
Na69 PO . — 0 H0
> — N ® =
C=N H—OH,
terminal R R
acetylide

2. Workup

N .6/H g
/<1 ) R : H,0 :
\ AC \
H_OH2
R

n- butyl lithium

Nucleophilic hydride = sodium borohydride (NaBH,) and lithium aluminum hydride (LiAIH, = LAH), [deuterium is used
below to show reaction site]
® @ .. © 2. workup H

sodium borodeuteride
sodium borhydride

Li @ .@ 2. workup

. Li :
\/<[ p—AID D \/k/
> H—OH
R : 2

lithium aluminium deuteride
lithium aluminium hydride (LAH)
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314/315 reactions and mechanisms through topic 11 and some of topic 12 17

Epoxide reactions in acid conditions — Sy1-like conditions, attack at more 6+ carbon.

g A e

/\J <|® S H—O—H
R H—0—H R
- p/ (compare to base reaction)
|
Nle
o /\H__’Q_CHS Q& O®/H X /'\/
/<T | /\//‘Q —=HC~—5 — MC~g
. 5 o <|® S H—0—CH;,
H—0—CH, Hv ==~ (compare to base reaction)

Our only E2 reaction for epoxides. Uses very basic, sterically bulky LDA (always a base).

Make LDA = lithium diisopropylamide (a very strong base)

H2 4< Li® H, H,
H \ C ch . A O

LDA = lithium allylic alcohols
diisopropylamine
(always a base)

allylic alcohols

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

N )\/OH
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314/315 reactions and mechanisms through topic 11 and some of topic 12 18

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 = E1), and alkynes from RX, (NaNR,), 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.

CECA - Che OB

Reaction with acid forms
the most stable carbocation

(rearrangements are possible ) Cp adds to top and bottom, but no difference in this example

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
®
H o\ T | ,/'\ HaC (|:/ h
H5C C ® —_— AN
\Cz/ \CHZ H—O—H \C/@)\CH3 H/ - ﬁz CH,
2

most stable R+

H
hydration of an alkene with aqueous acid H |
form most stable carbocation | O: H
( rearrangements are possible ) H.C C/ h
C CHs H—O0—H
2
(R/S)
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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

19

H H
H | rearrangement \ /
H H;C C H
HaC_ /c\/\, o | O \CH3 \
CH CH, H—O—H CH3 ® |\_/ O—H
| CH N
CH3 \} CH3 3 l
hydration of an alkene with aqueous acid H H H
form most stable carbocation HC \C/ \ /
( rearrangements are possible ) 3 H-C C
>C/ e, = ¢ Sen
Hee” | ~ 3
= 0 H HsC | .
f N ON
®| H /. NV
H—O—H H—Q:—
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. CHs
H ®c|) /)
H | ~%TH
H
\ e \ | ® \ / (\ . \ /C\
c CH, H—O0——CH;, C® CHy s s
2 H,
alcohol
(CH3OH / TsOH)
H—0——CHj
hydration of an alkene with aqueous acid CHs
form most stable carbocation ether H | H
( rearrangements are possible ) | /O | ®
HsC cC " H—O——CHj
e cH,
H>
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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.

H
H | rearrangement \ /
H H —
HaC_ /c\/\H_éca_CH—» H3C\|/>C\ \ _
C|H " \.} 3 C|: ? ot |\—/ O_CH3
CH
CHj CH,q s alcohol
(CH30H/ TsOH) l
. ) . H H H H
ether synthesis from an alkene with alcoholic acid \ /
form most stable carbocation H.C C \ /
( rearrangements are possible ) 8 \C/ cH HaC . O~
e 3 (o CHj
HaC” | He” |
H 10 H :
® | “\CH / (/
HsC—O—H °  HL—O: © “CHs
3 ~ ether 3 —>H

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.

H
H Hg*2 catalyst | |
C//C/ H@ g*? catalys @C/C\H T ch\c ~C—
H C/ \/H—_O—H H C/ :0—H |@
3 \} ? \__/ - ‘0
H /Q\H
| H
T H i T Hoo | H_Q:\J l
~ | _H H
HC O~ HsC c/ ® L~ H
D e e i [ B N
.0. H |(|)*7 resonance T*(L - \/ ’ \C/ TH
! c|)® § ® ST ‘5 Seo | (|),.
Q ANy Ny

g. Bromination of alkenes, goes via anti addition

alittle tricky, P-‘Br @
: Br——Br : requires 3 arrows .
C o o to make bridge ﬁ/\ar :
—_— oo
/\4/
X NG bridging cation o ‘Br:
prevents rearrangement, <

anti attack at more partial
positive carbon
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C=C addition reaction
.0

r—Br *Br: By
Aj ‘, % —_— CH3
///// .

no rearrangement bromide attacks anti

alkenes / alkynes because of bridging at more partial positive stereoselective = anti addltlon
Br cation carbon regioselective = none
h. Bromhydrin formation from alkenes, goes via anti addition
(\.- ® .o
. . alittle tricky, Br: :pr: .
s Br——pr : "equires 3 arrows /</ L o Br
/\ ® _—0:
E— H/'(-)\ /\ . O-. H ..
. . H PN _
L 20 H H H—0OH,
bridging cation PN
prevents rearrangement, H H .

attack at more partial water attacks anti at more bromohydrins can form

positive carbon partial positive carbon epoxides in mild base
C=C addition reaction stereoselective = anti addition
regioselective = Markovnikov

Br—Br
//// g, y / _— H I////d:.
alkenes / alkynes no rearrangement | © b H
because of bridging water attacks anti at more H / \ bromohydrins can form
Br cation partial positive carbon H  epoxides in mild base
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i. Hydroboration of alkenes = anti-Markovnikov addition (opposite regioselectivity to normal hydration conditions)
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 R
¥ B/ H H twice |
\/\ | | more B
X H - B —> NN R
concerted H
syn-addition trialkylborane

alkenes

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

R @. .'o'.

| o7 H

B rearrange

T
e S) ~
~ . NN T\ - . T\
O\ O
S]

§

" N L )
trialkylborane OH N~ >~ N
(NaOH/H,0,) b Ny
. AN l
twice - B

more | R\G/R
OH - C_E|‘\O/H

o o o°

- N H/\?\H

anti-Markovnikov alcohol

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
/ R
,/_‘ B H H twice |
A | :
\ H —_— B \/\/ ~
concerted \H R
-additi
Syn-addition trialkylborane
alkenes
step 2 = oxidation by bromine and rearrangement to anti-MarkovnikovR-Br
R . Br R
| . B | R R
®ee e \ /
5 B rearrange B
\/\/ \R —_— |\R § |
. :Q—CHg ;Br_ . Br:
trialkylborane © @ ® B NN e
NS Br. .
(NaOCH,/Br,) l éQ_CH3
“Br* R\B/ "
. e ©
twice -.'.3,r/ | R\B/ " CH
more =~ -——— O - | \O/ 3
CH3 Br L

o~ o~

anti-Markovnikov bromoalkane
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k. Hydroboration of alkynes = anti-Markovnikov addition (opposite regioselectivity to normal conditions)

S)
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

R

B
O | concerted
/\ o syn-addition N E|3\

R = sterically large group

alkenes so addition only occurs once

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

H R

R R
\)\/ I|3 © rearrange ~
N H

H B
R y '\
. . ‘0 20
trialkylborane . _O - X .
PN Nolf .
-O- H (/4 SRR
® l H
Na
\B/ R\B/R y
| - H | \O/
H ‘OH o
O RN 0. o N
/ - S) N
e t/ H H
enolate = resonance
l H\/l/
0.
\/Yb J
H

anti-Markovnikov aldehyde

Z:\classes\315\315 Handouts\arrow pushing mechs probs key.doc



314/315 reactions and mechanisms through topic 11 and some of topic 12 24
Reduction of alkynes (Z and E alkenes)

Birch conditions (Na/ NH3)
radical anion

(x%//\//”\

\,\/

. e Na
single
electron acid/base \f single
transfer electron
. transfer
acid/base
T /\
R H
o o.
H E-alkenes ‘ y more stable = E
Pd / H, quinoline (Lindlar's cat) /

H N
Ol 1 /mﬁin f?“@/
’ B N,

hydride transfer

metal destroys . forms strong
strong H, bond pi complex - C-H bonds

catalyst = repeat reaction

H Z-alkenes
(syn addition)

regenerated
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Aldehyde and Ketone reactions

Examples of important patterns to know from our starting materials.

o o}

LN N G N § H
PN

methanal
\)L O

(formaldehyde)
We can make aldehydes and ketones from alcohols and alkynes (for now). There are many other possibilities.

O:O

SN

a. C=0 addition with organolithium and organomagnesium (Grignard) reagents, and workup (use n-butyl lithium, methyl
lithium or phenyl lithium, others are coming, with esters, nitriles 3° amides and acids).

/ 2. workup 167
SI J
3

H—OH2
aldehyde n- butyl lithium R/S 20 alcohol

Li® Li® ©.. “o—H ..

Li 0. 2. workup - H,0 :
"o CH\ — CHy
— s H—O0H,

organollthlum or ) \/@ e
organomagnesium A Li69 :Cl:

or ketones reagents :Cl: 3° alcohols -

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

@
Na 2 Workup H,0
H—OH
/\’/‘\ —e , c—cn Ng)
: C=CH °
aldehyde or ketone terminal : CI : propargylic . 'C'| :
acetylide v alcohols ..
C=0 addition with cyanide forming cyanohydrin
@
Na
. ® o 2. workup . __H H,0
/YO K Na N O.. \ — O.'
o — —_— . H—OH, C=N: ®
C=—N:
H‘\ :C=N: \/@ Nae
H
aldehyde or ketone . H A A
y cy anide : .Q' : cyanohydrins : 9' :
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314/315 reactions and mechanisms through topic 11 and some of topic 12 26

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

Na®e 0
< o D reacts 4x 10 2. workup

o ,
SLoke o NS s
NPAEE o hn, 1 b
D Na 1° alcohol
H

@
aldehyde sodium borodeuteride \/ Notice: D was nucleophilic hydrogen
sodium borhydride and H (on O) was electrophilic hydrogen
H
Na®@ : O/
< o |:|) reacts 4x =y 2. workup
©
L e N s
> | e b H—OH, 20
D U ® 2° alcohol
ketone lithium R/S Notice: D was nucleophilic hydrogen
aluminiumdeuteride and H (on O) was electrophilic hydrogen
(or LAH)

d. Hydration of C=0 in acid or base conditions (also tautomerization conditions, a competing reaction)

Hydration of C=0 is similar to making acetals and ketals and hydrolysis of esters

H . _H
o ® _H H o7 o~
/} ‘0 O/
)k H\ /H )Eresonance)\
O@ «— ® _— E=
|
H H o] H Ho R
id conditi \ o H o SH N H
acid conditions . ~
.. o .. H
Y 5:7 O\ N\ 5~
H H H
R \O/ H
0. _ o
o T 7
-0 o'o
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 di-ether during neutral and basic
reactions conditions). Ketals and acetals revert back to C=0 in aqueous acid conditions.

Making a ketal (acetals are similar)

o HDOTS

o

_H TsO—Hr\ P

®
ok H 5 H
>
)|\ resonance)e\
/) S
10

- Ts
;l;gﬁt;ozal ketone & aldehydes \/
. hemi-ketal
" : common name = hemi-acetal 1
\o/
Ao H H ] )
| ~ " -
H (R 0, \O/
@Y
H ® )
\ H .
>< H\o -.O.O\X| Xo'- —— :0H _“I
. O\\—/(j . < . <—> :O

D R A e

resonance

ketal & acetal water controls the direction of equilibrium
common name =
Remove H,0 shifts equilibrium to the ___Ketal & acetal

Adding H,0 shifts equilibrium to the _ketone & aldehydes

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

L2 F Y £% ~FL—F*
: ®
©)

S R k=T k—"
~0
H
(H,S0,/H;0) H H \H‘>
common name =  ketal & acetal O .
H ..O°. H/ \H H/O\H
\o/\/ ~4 “
H . _H H® H\£\/H[\-..
.0 ® Y Y Y o NO) ® 0
|
- ol QM
H —_— - H =
10 resonance _Q :7 \1/ \1/
/_\ H .o O O M
i 70! - el
‘;ﬁgﬁg‘ﬂa‘ ketone & aldehydes H/ \H H
Remove H,O shifts equilibrium to the ____ketal & acetal hemi-ketal
hemi-acetal

Adding H,0 shifts equilibrium to the _ketone & aldehydes
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f. Primary amines = imines = reduced to amines with sodium cyanoborohydride (can form 1°, 2°, 3° amines)
Making an imine from a ketone or aldehyde and NH3, RNH, or R,NH. Then making the imine into a 1°, 2° or 3° amine using NaH;BCN and workup.

v .
. /\ HﬁOTS €] H H ) U '.O/
0 - :O/ . d/
/\/NHZ —_— | 7 resonance
pH~5 ~ o = p —
(-H,0) N '/\ N
AN
ketone or ®| H . R >~y
aldehyde NH3, RNH, or R,NH i HoN

removeto H H
for imine \O/ H H
water controls the direction of equilibrium T EO/
o ® —
Remove H,0 shifts equilibrium to the imine | Y /\
I | resonance < S
Adding H,0 shifts equilibrium back s N\ ~ )y N\ N\
to the ketone/aldehhde + amine ® H<\ H H
imine .. R
H,N

Reduce imine to amine with 1. sodium cyanoborohydride and 2. workup

H
\|?/H;\|LG—C: ®<H 2. workup Y
\\C/— o - /\/N : . /\/N )
H

: @ \\JH—OH ~
N NE® \fo

imine amine

Transformations

C=0 + NH3—> primary amines

C=0 + 1° amines-» secondary amines
C=0 + 2° amines > tertiary amines

g. Secondary amines - enamines > react with electrophiles + hydrolyze - ketones with new bonds

H Ts:i)]—H ’/\ y

/Y - -
.. /_\ AP ® (o) o)
‘0" H—0QTs . O/H . O/ H
| ™ resonance .
- [R—— —_—
H~5 ® Ea—
p
N (-Hz0) N [ N
® \™
ketone or | H N
aldehyde H \_/ 7
H
Water controls the direction of equilibrium
Remove H,0 shifts equilibrium to the enamine
Adding H,0 shifts equilibrium back to the
ketone/aldehhde + enamine remove to H\ -
form enamine No# H\ /H

H
N.
Y |1| j /\K ®
: H
< .
Q N > N, = N
= ® resonance
enamine - good -~

carbon nucleophile
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React enamine with 1. electrophile and 2. workup to reform C=0, joined with the electrophile

Y \M > X \’Q/\
5\ <N \workup N i : 0"
N

N

§>9-3

H H
H \‘o\ N\ H
~ o
. H
TN AN ®
’ N- X
Oy . o) resonance N .0
new ketone with ‘_N)H - CO ~ @ |
added electrophile H == H

h. THP protection of alcohols & deprotection

a. protection conditions - alkene addition reaction
alcohol

‘ /\H&Ts O resonance HO/\/
® = \) E S Nog O/\/ " R
.0" .,0_.\& .%\3 - ® |) o
DHP = dihydropyran “ H\_// .

THP ethers do not react under strong

base/nucleophiles and neutral conditions. THP\.-/\/ =
They are hydrolyzed back to the alcohol 0

under aqueous acid conditions. h Ne) O/\/

THP = tetrahydropyran
protected alcohol

b. deprotection conditions - aqueous acid conditions hydrolyzes acetal back to alcohol

" ot " H H
e /l H \o./
'.Q- :O:/\/ H 4 H . O. a/v \6/\/ ‘\/ \/ B etC
A ® = — .
oo |
THP = tetrahydropyran N | ® H desired alcohol
H

protected alcohol

Z:\classes\315\315 Handouts\arrow pushing mechs probs key.doc



314/315 reactions and mechanisms through topic 11 and some of topic 12 30

i. Wittig reactions

Ph\ Ph H .
) ® Ho HC C

/ Br. —— H, R - _ p——,
Ph e P o Ph P resonance Ph /P <
RX compound made “Br: Li® Ph Ph
from R-H, R-OH or Wittig salt ylid nucleophile
alkene. a very strong base
‘o"
aldehydes
and
ketones
- e
- O.° 0 e
\ \\\\\\ ..O
| | Ph\ N ( \\\\\\\\
P. Ph \
Ph/|\Ph ~— ph—F @
Bh _ / ~— Ph—P
triphenylphosphine oxide tzy'gilgaeﬁ]; tlrs1e Ph Ph/
major product oxyphosphatane betaine

J- Cuprate reactions (with RX, with acid chlorides, with o,p-unsaturared C=0)

Make the cuprate Li®
Li o H CuBr P reacts with acid chlorides
. 2
/\/\ metal - H,C ¢ CUP"OUS’Sﬁ“ /\/\ /\/\ i
Br - \ﬁ/ \CH3 gu reacts with RX compounds
z "> reacts with a,B-unsaturated C=0
organolithium organocuprate
reagents

reacts with acid chlorides to make ketones

LP 9 ) acyl 9
/\/\ /\/\ substitution
Cu - e —_ B
C] .CI;
new bond

L@ new bond

~

alkane - hard to tell where
the new bond formed

/\/\ /\/\ o . @.
(ol \5 - A
[S)
conjugate
addition

2. workup ¢

0.

'
.
,
’

new bond
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Carboxylic acids and derivatives — reactions

Examples of important patterns to know from our starting materials.

\XQLMK%O

O:O

methanow acid
(formlc aC|d)

methanoate esters
(formlc esters)

methanamldes
(formamides) (1°, 2° and 3° amides are possible)

ethanoyl chlorlde

31

A
o A I AL L
PP WP WP % A L s

i O
methanoyl o
chloride
is not stable 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 = acyl substitution

e ® Na® ©..
(ﬁ Na L C,:O: o
.0 :
e TR
ester

(0] .
” e OA\> 9 resonance
c_._H H™ ® “H | e
/ —_— /C\ .
2. workup R \.O ’

carboxylic aC|d (neutralize carboxylate)

QII

/\@

alcohol

Na69

Sometimes we want the alcohol part of the ester, sometimes the acid part of the ester and sometimes both parts.
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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 : |C|) :
. O .-
‘O :0:
C R C R
Iy — R"J; o I >
R/ \CI 2 \ acyl N C ester
t_/ b substitution ( o s H / > o |
:Cl: 5
acid chloride /; \ H/--\

c. acid chloride + RNH, = 2° amides (notice two different R groups Jomed together by a nitrogen)

secondary amide synthesis from acyl substition at an acid chloride with a primary amine

(0]
- i I

H / E— C R R N
- . —_—
/C\ \ acyl R—C—N—H R ONT amide |
substitution | H/| > b
(: Cl: H © 8 H/H\N—R ®
acid chloride . Y 2 H;N—R

d. Synthesis of acid chlorides using thionyl chloride + carboxylic acids, acyl substitution, twice

°. 0" o ©0 ‘o
o ‘o \s/ \s/ - \s/ N
N R R T L
—_—
R/C\O/H CI/S\CI ||> y resonance c|: |_|reson.amce l\{\ H/\:Base
ol o o o CO"/ NG .
____________________________________________________________________________: ____________________ (&) e.:o" .°C°I°.
o AN/
. © [ o = 7l
R I T \_/
cl Q O/S\CI - Ca
e — = (.9 v A R/ \O..
S R—C=0:=e> R— (3. < | . j°
R 2 Uacyllum ion R/C\o” 20l ®
acid chloride resonance - - H—Base
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e. acyl substitution, then two elimination reactions

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

o o: © :..O.. ol
\ % \S/ N
. 0 ..) \.CI O/ \CI . °o°/ . ..CI .
|| — ” > resonance | resonance | /\ : Base
s N H ~> ¢ Ho /C\Q/H
L .Cl. R/ \T/ e N7 R T@
___________________________________________________ H i' H \
.'o;
. 0 © e L.
_ :Cl: | Q O ol
H Cl o . /S; S| \S/ .
9 A G P el
R—C=N =—— R—C=N—H <> R—C=N—H =— | | \/
C
N resonance U resonance . /C§N. o R/ \N
nitrile | CI |
4 A .
H—Base
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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 / A hydrolysis continues on to a carboxylic acid)

|
/N"/\ @ /H H H3C\ 4N-.
Z H N N C
H C/ Q | ® - cZ resonance @ M. - |
3 = A2 ~ C L@
H—O—H HsC H C/\/\ -/O\
3 e
— 00— H
H—O0—H Yavi /\) y
"""""""""""""""""""""""""""""""""""""""""""""""""""" (e
H H H H H
HaC IL ® | HsC b lll@ |
.~ TH H3C\ /N\H ’ \C/ TH H3C\ /N" /\
|| - C PR | C H
O/) resonance (|J / resonance \ —_— | . Q| ®
. . . N - 00—
L ®\H*\ TNy H | Ny H—Q—H
.. T hydroxamic acid
X ®
ﬂ H” H H—Q—H
T EATITERRRRITR
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