Electrophile (Lewis Acid) = electron loving = any general electron pair acceptor (can also be an acidic proton =
Bronsted acid)

Nucleophile (Lewis Base) = nucleus/positive loving = any general electron pair donor (can also be donated to an
acidic proton = Bronsted base)

Free Radicals = one electron transfers, only limited examples are emphasized in our course (free radical substitution at
sp° C-H, anti-Markovnikov free radical addition reactions to pi bonds and some reactions with metals),

Problems - Supply the lone pairs, formal charge and the curved arrows to show how the electrons move for each
step of a reaction mechanism. Be able to identify nucleophiles and electrophiles in each step of the reactions below.

Our two free radical mechanisms (substitution at sp’ C-H and anti-Markovnikov addition to pi bonds) are at the end.
Check your mechanisms against the examples provided.

Sn2 and E2 Mechanisms (strong base/nucleophile competition reacting at a carbon or reacting at a proton)

1. Hydroxide (available as NaOH, KOH or LiOH)

CH
H s 3 N ®
Problem S a
C Br
~ o .0
H \c; —0:
l > -
H,C H
CH
@ H\ s H;C H O
Na /é\S B Z, _ ?C CH,
.© - Hm—C ;= Z,
H—0: 4 ~ [Ca NS —— N NG H—C\c 0
2 i
HC H E2 \ \ "
CH, CH,
H
H;C CH,4
® \ . R methyl RBr = only S\2
Na R O CH rimary RBr = Sy2 > E2
H,C._ S _B —8 2 primary N
.0 N H \Q/ secondary RBr = E2 > S\2
H—Q: ~ A l B _— l z alcohols tertiary RBr = only E2
HC H S\2 e
2. Alkoxide (make with ROH + NaH or make ROH + Na )
H CHs
Problem \5 g ‘L.t ®
C Br Na
i ¢ 0
dz Hmc—o:
H,C H -
H CH;
® S H,C H 0
Na é S Br. K g C/H2
~ . " H,Cw=—C 2
we—p: ATy TS TN et
3 O .\/ l ,/// CilH \ -
HC H E2 \ \ i
3 CH, CH;
H
H,C /CH3
® thyl RBr = only S\2
N R ch methy Y Sn
a o HZC\S/BY H3C/O\C/C 2 primary RBr = S\2 > E2
H C_O' . . l > ethers secondary RBr = E2 > S\2
3 . \_/41 2 52 //H tertiary RBr = only E2
H,C H N H;C
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3. Carboxylates (make with RCO,H + NaOH)

. CH
0" Na H\ 50
Problem \\ 0 C Br
C—O0: N —
/ o H C
H,C e
H,c H
H CH;
. F H H;C
‘0" Na \¢ o H¢ 2 cn
\ e P S K H,ComC 2
c—o: MANMENY o =N ’ HomeC
/ AN l”/ E2 CrunlH ConnlH \C ImH
- "l
CH, CH;
H
H;C .. CH;
‘0" Na® .. . O\ .. methyl RBr = only S\2
\\ o HZC\ S/Br.' — C/Q\R/CHZ primary RBr = S\2>E2
/C—6 : C \5 Sn2 / lca, secondary RBr= S\2 > E2
Y > Z . _
Zz H;C H esters tertiary RBr = only E2
H3C H3C H H3C
Follow up reaction = acyl substitution, makes alcohol and carboxylic acid, after hydrolysis .
° 5 carboxylic
.. . .© acids
. ‘0 /2 /\ R . N _O: —
'.O/) ../R ® N /0/ .0 &.\/H acid \C/O 2. workup
\C/Q Na bat?tylt, c\ - \C/_o ‘7 base /
substitution . — : —
/ °5 — / O—H © H;C alcohols
:0—H HC - S h
H;C - H5C E ~0—R
_____________________________________________ tetrahedral intermediate |l
4. Potassium t-butoxide (make with (CH3);COH + KH)
CH
c) H :: 3 H3C I_l/ H3C\
HiC K G s e % g Ch
- K HyCm—C %
H3C\C_b‘e: H/\/*(\C_’/ H—C\ ‘ 3 \CnulllH HwC
/ Ot A l ,///H E2 CwmlH \C-'HIIIH
H;C H,C
° CH3 CH3 H

methyl RBr = only S\2

alkenes primary RBr =E2>S\2
secondary RBr = only E2

tertiary RBr = only E2

y:\files\classes\315\315 Handouts\arrow pushing mechs & rxn summary.doc



5. Sodium azide (available as NaN;)

a
Problem o H.C Br 2. LiAlH,
® N/ 2 \C/ e — 3. workup
N 2 P —_—
@N% l ///H azido compounds 1° amines
. H;C
® H,C CH,
Na o S .© / methyl RBr = only S\2
H,C Br N CH i = mai
® /N 2 2 \C/ . NZN/" \C/ 2 primary RBr mal.nly Sn2
o N = \/4 l 2 e l o secondary RBr = mainly Sy2
= z % azido compounds tertiary RBr = only E2
N H,C H Sn2 resonance  HiC H p ertiary RBr only

Follow up reaction = Sy2 reaction at nitrogen, followed by workup (protonates nitrogen)

H ‘N~ 2. workup
o =N — H
C) | /\ ® L | Can also use
H—AIl—H .
/ o T~N=— \‘ the Gabriel
@ | R v QN > / (\ | —> R/N\H amine synthesis
Li g SN2 ® H—O—H (next).
Li o) 1° amines
6. Phthalimidate (make from phthalimide + NaOH or KOH), Also called the Gabriel amine synthesis.
.'O :
H3C\
Problem .0 -
. H B
N 2C\ C/ o
Na@ l E
o) H,C H
® HsC
Na  ° \
e H.C. S B . methyl RBr = only S\2
. 2 T . .
N \C/ .- \R CH2 primary RBr = mainly Sy2
) ~ A l ,,// \S Y secondary RBr = mainly Sy2
H,C H alkyl imide 0. H3 H tertiary RBr = only E2
Follow up reaction = acyl substitution (twice) to make primary amines H—Oe
O:
acid
/R base
N’ -Q H N—R — o N —R
V\/ "
acyl
alkyl imide C substitution
L0 (twice) <
‘0" H ‘0" acyl °
\ substltunon . O H
.© N—/R acid
-0. / base
H -

primary amine

..© (also made by
throw away Q: 1. NaNj
: 2. LiAlH, -0,
3. workup)
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7. Sodium hydrogensulfide (available as NaSH)

H3C\
Problem ® -
Na H,C Br
€] \C,/ . —_—
H—S l B
____________________________ o
CH
1q . / ’ methyl RBr = only S\2
Na H,C_ S ‘Br q—3 \R _ACH, primary RBr = mainly Sy2
S \C/ . C; secondary RBr = mainly Sy2
H—S: ~ A l "/// — > l ///H thiol tertiary RBr = only E2
H,C H S\2 H;C
8. Sodium alkylsulfide (make from RSH + NaOH)
H3C\
Problem ® .
Na H,C Br
&) \C_/ . —_—
H,C H
H;C CH;
® < R methyl RBr = only S\2
Na S LM /S CH2 H RB - inly Sy2
H2C\ Br, H;C -.\C/ primary RBr mainly Sy
© C ’ & secondary RBr = mainly Sy2
H3C—.S'.\_/(l’;/ l e 2 . iarv RBr = only E2
2 HC H R-methylthiobutane tertiary RBr = only
H,c H Sn2 3 (sulfide)
9. Cyanide (available as NaCN)
@ .
Problem Na HQC\ /Br
v —
° C
N=cC e
H,C H
H CH; H;C
5 H;C H 3
N s e “, Sa,
. " H;Cme—C %
. €] H/\/\C’/Q . H>C\C””|”H ’ ClH H»C\
IN=C: " l ’//H 0 \ \ CmiH
H;C CH; CH;
H
H;C - CH;
Na® .o N\\ R / methyl RBr = only Sy2
HC 5 Br o.M imary RBr = S\2 > E2
€] - \C/ . \C primary RBr = Sy
INSCi~ A S — % i secondary RBr = Sy2 > E2
HAC //H Sn2 H,C H tertiary RBr = only E2
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10. Terminal acetylides (make from terminal alkynes, RCCH + NaNR;)

Problem ® oo
Na H,C Br’
NS - —_—
€] C_’
R—C=C: e
H,C H
H CHs H,C
5 H;C H 3
Na® \F g 77 %, cn,
AN Hm=—C H;Cm—C )
€] H \/ C_ — \ \C"'””H HwC
R—C=C:~—" P CnlH N
T l % E2 = major \ CH
HsC at 2° RBr CH, CH;
H
H;C R\C CH;
Na@ oo \\C R cH methyl RBr = only S\2
H,C Br* — ~_ .~ 2 . _
C) N C primary RBr = S\2 > E2
R—C=C:i~__ A lc’ \S Sn2 = minor e secondary RBr = E2 > S\2
H,C H at 2° RBr H,c H tertiary RBr = only E2

zipper reaction — moves an internal triple bond (CC) to the end position in unbranched chains where the negative
charge is the most stable (in sp orbital).

N ®

.. © Na
Ph—CEC—le N N (e

©
o=t Ph—C=—=C=—=C—H N\ .
» Ph C=C C H s | —_— ph_czcgc—H
@
H ® N

N H H a
nonterminal alkyne having d /2 resonance t H ‘W acid/base H
a linear, unbranched alkane acid/base H,N :
chain. oh C—C—C—p resonance

. C) HN——H «—
HN—H / 1|{ (94 L
A/ Ph—C—C=C—H
Similar to tautomers in base, but Most stable anion in
without any oxygen or nitrogen the mixture, reaction H
atoms. Uses a very strong base, stops here. Thls.ls the
NaNR, to move protons around. react with RX €| o many reason the reaction works. l acid/base
. possibilities
—0) --—
react with C=0 3. workup Ph Iélz C_CQ acid/base H,
react with epoxide <€— - Ph—C —C=C—H
terminal acetylides are good nucleophiles o
workup -e—! at methyl, primary, allyl and benzyl RX, AN
2

mostly E2 at secondary and only E2 tertiary RX
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11. Enolates (make from carbonyl compounds or nitriles + LDA, -78°C to prevent side reactions)

H5C
Problem ~Q° Li H\C S By
|C|1 ° 2 \C/ v —
H3C/ Suyc: e -78°C
H,C H
o Li® H;C CH,
” 1 H\C S ‘Bp* H.C Iéz R CH methyl RBr = only Sy2
5 T _7Q0 3 5
/C\ © /\; C -~ lC» \C/ \C/ primary RBr = mainly S\2
H;C H,C: l P Sn2 || l ’/// secondary RBr = mainly Sy2
H H i =
Ketone enolate H;C 0 H5C tertiary RBr only E2
‘0" ® CH;
| H,C S Br' g0 TN c R _ch
s B 2
\ /C\ f\: C,, —> R/ \C/ \C -
- 1 5 e |
ester enolate H;C H 0. H;C H There are many variations of
) this reaction on the enolate
® H;C CH; component and on the
N Li \ o 2 / electrophilic component.
N HC S5 _Br -78°C AN
C\ © /\/ C,’ — /C C
H,C: | i 52 N =
nitrile enolate HsC H3C H
12. Dithiane anion (made from dithiane + n-butyl lithium
y
H3C\
Problem . L .
S : H,C Br
\© AN C/ .
C: > —
/Ny =
S H;C H
Li® H;C S -
\ g - | / 3 methyl RBr = only Sy2
S\'. ° Hzc\ /BF. /C\R/CH2 Can repeat primary RBr = mail‘lly SN2
C /\/ lc"’ > S | C —»  one more secondary RBr = mainly Sy2
AN Z H 4% time. tertiary RBr = only E2
S{ H H,c H Sn2 H3C‘ H > Y

Follow up reaction = hydrolysis to carbonyl compound to make aldehydes or ketones.

3. workup m
cot ©]
$Se H
| ) b| g Hzo X g

S_Hg . . C
\ / \_/4 C \3 . \ / .' HDO P \R
hydrolysis H
Think of Hg"?
as a giant proton ‘0" Her_ /R g
for sulfur. C . ) & | K
// -« rcsonance S : N / .. TR — ™\ 4 @
R 0 : 0\9 BN g/.. : He_ Hg e g
® ~ v
. - -
aldehyde — -—-— H‘/_\ o discard ) O/ SR -0 | \R
or H/ \H ) \ / H
ketone - H
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13. Cuprates (made from RBr/Li = RLi + CuBr = R,Cu™ + R’Br & R-R’)

H;C
i\
Problem 1
R H,C__Br
Cu C’/
© R l 2
H,C H
CH
® S S R / : methyl RBr = only S\2
Li - R CH, primary RBr = mainly Sy2
A HZC\C/ Br, . \C_/ secondary RBr = mainly Sy2
eCu\/\/ l B \S S\2 l B tertiary RBr = only E2
R z N
H,C H (for us) H;C H
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8

Sn1/E1 possibilities —extra complications at Cp positions of 2° RX, rearrangement to more stable 3° R" considered
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—» add nuclephile (top/bottom) = Sy 1

Br H (R3S) H
\ § H2 same first step |
for SyI/E1 (3S) ——f—— lose B-H (top/bottom) = E1
\C/ N ’/ \ CHy———> \ /®\ \CH
d2 (€ 3 H,0: ,/ ,,// 3 rearrangement to similar or
H H H CH; H H H //CH3 more stable carbocation (R*)
Redrawn
(achiral) 3R stereochemistry is lost + . (start all over)
carbocation
choices
Sn1 product (a. add from top and b. add from bottom), (without rearrangement), usually Sy1 > E1 (in our course)
¥ ——:OH H
a .. H g\ H ’ \o‘
:OH
K 2 . @0 (2R 39) | (2R.38)
Q oH /_-» l acid/base Ay 1
K\ "y 2
H,C— c i C/ "'H H, proton transfer H;C C/C\
O e CH ’ c— CH,
l ,, (39) 3 Syl / B CH; l ///CH
Z H = diastereomers ~ H 3
.. H CHs CH
H20 N 5 \\ 31(_:IZ HZ
ot b me S me . & S O
N-C — N -C
’//,CH acid/base 2
®(|)_ H 3 proton transfer | H /CH3
. 2 O 5
I\ ( 'S‘,3S)
H H\/ : OH, H (2S,35)
E1 product from left Cg carbon atom (without rearrangement)
H,0: =~ X
2 H\q ® . "H" parallel to H/,, o
\ . Y N
A et =l
H\“/ O — H C—N
H (3 S) CH3 El B CH,
4 H TH
H CH3 3
rotate o bond u "H" parallel to
- ® empty 2p orbital same alkene
H ///’ W on bottom El
2 R H
/J 0% gs)\
H2O \/ E
H TH,
rotate ¢ bond ﬂ
E1 product from right Cg carbon atom (without rearrangement) ------------------ooommmmao oo
H
Q\\\\\ oo OH, "H" parallel to N
H3C— empty 2p orbital C_C\
C on top N C—CH 3E-alkene
E— . 2
H;C H, e o T
(3S)
1L rotate ¢ bond H ) Both chiral
@ s diastereomers centers are
i, Q\\\\\\H nH tparzanel I;Ot 1 C—C\\ ¢ destroyed.
,C— empty 2p orbita
\C e CH, on bottom N C—CH;
H.C / 3Z-alkene
o | 39 El H,C
H,C H \

N OH,

(rearrangement on next page)
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After rearrangement to 3° carbocation (R")

+ . o
initial 2° carbocation R™ reaction possibilities start all

rearranges via hydride H over again with new carbocation
@ . o . | — add nuclephile (top/bottom) = Sy1
shift to a 3° carbocation CH CH;4
_ ¢\ H /)

H;C %, / . = H;C C—C-—=mH - lose B-H (top/bottom) = E1

/C\ C/CH3 H3C0@ ]L rearrangement to similar or

H;C H, 38 stereochemistry is L more stable carbocation (R")
GS) lost in new carbocation (none is possible here)

Redrawn (achiral)/

E1 products from left Cy carbon atom (top and bottom, after rearrangement)

H0: =X
H diastereomers CH
| 7 "H" parallel to \\H S ’
y empty 2p orbital s —C
/C//’/, H /CH3 pty 2p HyC—C \\\ H,
A on top and bottom \ C—
H;C C—C~-H C—CH C
@ | of left C position / 2 { CH,4
H:C =g H El HiC CH; HsC
2E-alkene 27-alkene
EI1 product from right Cg carbon atom (top and bottom, after rearrangement)
H diastereomers
| "H" parallel to H, H,
/C,-/;;OH /CH3 empty 2p orbital HyC /C/,/,, \\\\\CHJ H, , \\\H
HiC b Ll on top and bottom /"C:C‘\ /’C:C\
. CO t/ | of right Cg position H,C H H;C CH,
e F{\_/ El
.. 27-alkene :
: OH, 2E-alkene
E1 product from methyl Cy carbon atom (top and bottom, after rearrangement, only one product from the methyl)
H
| "H" parallel to H
CyH CH;  empty 2p orbital 2
//’//, / 3 pty 2p H C/C///, \\\\CH:;
H,C ‘C—CH, on top and bottom 3 oot
of front Cg position VY H,
H2CS ® El e
| 1-alkene
H, (does not have E/Z
K/ : OH, stereochemistry)
Sy1 product (a. add from top and b. add from bottom = identical in this example, after rearrangement)
¥ —:0H,
H L’\ H - H
- N N
(achiral) a @0. — 0.
" a /_' - acid/base |
L 3 . proton transfer H;C
| /‘\ 1 OH, \C“\\\ C\ __CH, \C\\\\\\'C\ __CH,
CorH  CH w4 H, i
VA RO ne oo
H;C C—C—=H Sl achiral identical - no
il | more chiral
‘3/ ® H H;C—CH, H, centers
% C— H;C—CH, H
Z —_— 3 2 2
H,0O 5 ¥> H3C>C/ CHs acid/base Z /C ~cu
b | proton transfer H;CmeeC 3
@0
o 5 &
%0, H/
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1. Water as a weak nucleophile/base with R-Br (or RX), makes alcohols by Sx1 (No reaction at methyl and 1° RBr)

-'O .
Problem H PN H
— =
0" a=back
7N
H H .
©] - OH
E— \f . 2

HO:—4 H  p=front

¢'= not shown

rearrangement

N T T A

H 0. HH
H3C/ \{
El Syl c
* * N ¢'= not shown
/H d
N O
W I -
® —
c=f e PN .
H,C H H, C/ achiral
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3. Carboxylic acids as weak nucleophile/bases, makes esters with R-Br (or RX) by Sy1
Problem

12
%C

28
o u’z
. . .o .. \C40
4 . /
:Br H . C —
5 C 2R
®: ‘O H
h N
D ONC t H;C H;C
\J rearrangement : [ d El
H g H H
C —»
H (2°to 3°) H3C/ %Q'\Jf c
Ely

)\/ )\/
+ Syl c=f ¢' not shown
)\/ /;\/ %
c ORI\
f=c

d
|
C
2N
0N ¢

CH
1n our course.

Alcohol reactions in strong acid (HCIl, HBr, HI, H,SO,4, TsOH are available): (HBr = Sy2 and Sx1), (H,SO4/A =E1)
1.

:0O—H
Problem

Methyl and primary alcohols + HBr = Sy2 reactions (no rearrangement)

water is a good T .. ©
H leaving group but He0 :/\ :Br:
. | has to be pushed . ﬂ
:0—H M H
/ ﬂ :0O—H off at methyl and HaC—CH H—Br: |
H,C—CH, H—DBr: - C_Cé@ 1° positions. /2 2 > H—O0—H
/ — /2 2 — H,C Br* @
H;C PK,=-9 H;C < o Sn2 primary bromoalkarie
primary alcohol Br no rearrangement
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2. Secondary and tertiary alcohols + HBr = Sy1 reactions (possible rearrangement)

H
H;C .
Problem \C“"\“Q : H—?I :
\H
H;C—CH,
H S H .. 0
| H—aq: | Cl:
H—O: J—» H—O—H
- ®
H \Czﬁ\\\\\Cl
(eE q A HC @ / water is a good H;C /\ .. 9 / \H
/C\ H—Cl: WO~ leaving group ®\C H :Cl: H;C—CH,
e = A S / -
PRa=-1 H;c—CH, le H;C—CH, \ 2R
.\\\\\H
secondary alcohol C
top and bottom / N
attack H;C—CH,
secondary
chloroalkane

3. Methyl and primary alcohols + PCl; or PBr; = Sx2 reactions (no rearrangement) (PX; Lewis acids are available)

Cl\ ,_Br\

Problem /\/\O/ P_g . or ' /P Br: _»
- Br
o’ ol

<) "| reacts .-

Cl Sn2 | S\2 | twice

H
more
4. Secondary and tertiary alcohols + PCl; or PBr; = Syl reactions (possible rearrangement)
\A '.Cli —
Problem / P—].3'r . or /P—gl :
o cl
o .o e .o
. +Br:
.Br, :Br: . .
R S r|>

R O _/ P—Br: ’ —> ® NG
-/ S\2 Sl H .0 Br
'Br’ N | reacts --

c + twice

more

Y, top and
1y,
S 7Br R 7Br bottom attack
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5. Methyl and primary alcohols + SOCI, or SOBr, = S\2 reactions (no rearrangement) (SOX, Lewis acids are

available)
‘O0°
Problem H ||
SN S —>
R
synthesis of an alkyl chloride from an alcohol + thionyl chloride (SOCI,) [can also make RBr from SOBrz] ‘o
‘0 ) O arn /\ Hz
H S — CL.ro~a, —= R
R 0. \Cy Cl acyl-like | @ H
substitution . SN2 at methyl and
---------------------------------------------------------------------------------------------------- * primary alcohols
No rearrangement because no carbocation forms ‘0" ..
. :Cl;
- || ~ Lo
If HCI or HBr is a problem ® / = - /CH2 / Cl
a tertiary amine, R3N, can . O/ S (10 ° R :0
be used to neutralize it. - H—Cl : | P product |

B “Br.
synthesis of an alkyl chloride from an alcohol + thionyl chloride (SOCl,) [can also make RBr from SOBTI,] ‘o
i .
\)\ ” u S O/ ) .l?r )
\
Br R - D
. - = .. ©
/ ,Br, | tBr:
2L acyl like | H< B
substitution H
¢ Sn1 at secondary and
"""""""""""""""""""""""""""""""""""""""""""" Tt tertiary alcohols
‘0" . .
\/L | | ﬁ
_S: /)
\) ,,//// . \/L -~ /\/-S‘\ér:
(o v
top/bottom attack R H—Br*

Problem R O\' <l N
H ° C l_ﬁ \ / NaBr
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1. make tosylate (usually written as R-OTs)

< N reaction © 5
” . a S occurs . | : N
|Sl—gl: '/O at sulfur § \ /
H acyl-like ||
substitution 0.

toluenesulfonyl chloride

_ lcohol sulfur valency = 5
sulfur valency = 4 alcoho pyridine = proton sponge
L acid/base
$ O O
.0 ® ” |
:Cl: H—N S S /
0. 0,
The pyridinium ion is a stable form Sulfonate esters are excellent leaving

of the otherwise very acidic proton
and it usually percipitates out of
solution as a salt with the chloride. sulfur valency = 4

2. React tosylate with good nucleophile (bromide for us). Undergoes Sy2 without rearrangement.

groups and are useful in Sy2 chemistry.

..©
N

.. D! . .\\\\\\“.
Ts—O R :Br
.o 2S .o

No carbocation forms,

SO no rearrangement.

8. Alcohols + H,SO4/A = E1 (alkene products, possible rearrangements)

Problem Iéz O A
H C/ \C/ N _(heat) _
’ i, H—O0S0;H
very difficult T
(high temperature) H—0
- N/
H, e heat H H
C 2N . H, . / C H' rearrangement |
INATTN _ PN ¥
H,C C H H—OSO3;H PN /O\ —» H;C C /C /H
. H, \} H;C C ® H | @ H3C @ >C
primary alcohol H, H H,

bp = +82°C pK,=-10 water is a good .

leaving group,

might rearrange alcohol— alkene

with loss of the ATy, =129°C H

leaving group |

H C
o Ny,
H—O—H =470
e bp 47°C

distills out
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9. Alcohols + CrOs/CsHgN (PCC) (oxidizes primary ROH to aldehyde and secondary ROH to ketone)

\(') . ..O “
Problem \
O /(lj\ /C”r\ /_ N
IC{z Il{ T 07 o -
. o
:0
o © / N\& \ % O
H. 0 /N \ o AR
\b:’_\” NN e &L - 57 No"
| /Cr\/) — Not N | -
H NN <
3C\C/T\H 0 0 . Lr | . e
H H;C ¢ c” | SH
2 H \C/ |\H 2
i Icohol Hy
primary alcohols H / \N : l -
‘g . . . -'O'. ©
PCC = pyridinium chlorochromate oxidation ® O S)
of primary alcohol to an aldehyde (no water to / \N—H ” : \ o}
hydrate the carbonyl group) H3C\ /C\ Cr/ -
— H L
aldehydes H, 0
H ..
\O ‘0" \
Problem
H3C\ /CI\ /C”r\ / N
i 007 N =
H o / \ .'O" . © / \ @ 0 7 S}
\O Nt \\ /O —H \ /0
” H_® C = Y‘ Cr.
| &y — NGT AN VO
e N o o ¢} o]
H3C /C 'O/ \O (/ | . .o
e[ Dews - H;C C H,C l
H 3 3
* H e | e, ¢ |\CH3
H, H H, H
secondary alcohols
/ AN lEZ
PCC = pyridinium chlorochromate oxidation = o OG)
of secondary alcohol to a ketone (no water to / \ 1) ” . 5
hydrate the carbonyl group) N—H HAC ¢ \ e
_ N e N
3
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10. Alcohols + CrO3/H,O (Jones) (oxidizes primary ROH to carboxylic acid and secondary ROH to ketone)

0: 0 ~5 0" N
Problem e é ” oz, | | o
3 NN Cr H H H3C C C H H
C H -2 X N TN . r
o o7 o > G et —
{ o .q 7 ©
H\" 'ﬁ. 0" /_\H\@ /Cr< /.Q\ ér/ K
5 :/_\ A A H/ \H (/ O., \O H H . b./\k\o..
H;C l O/ \O H;C é |
3 \C/|\H 3 \C/l\H H3C\C/T\H
H g H q H
primary alcohols Jones = CrO; / H,O / acid H /
primary alcohols oxidize to carboxylic acids \ . l E2
"""""""""" (acidic water hydrates the carbonyl group, ~~~ 7T TN /O,-
which oxidizes a second time ) H H ) °
H ® _H . Q7
. 6/ - - @ (|) 7 /\ ‘0 . \ /O..
| | - T I U0
H.C ¢ ® resonance HC ¢ H,C C O
3 N N NN . SN >y
H, ﬁ H hydration of H,
? the aldehyde aldehydes (continue in water)
o '
l H H H . " 00 ©
® (|) ~o~ \é _0;
'.O/ H/‘\ '.O_. \6. H H || /} \/ \O/ I'\Q
H,C (I:—@o/,s n m p AN HC (|:
3 \C/ \ AN — H3C\ /C—Q\ o o 3 \C/l\o..
H, wu H i, \H H — bog "\
H
second oxidation of the carbonyl hydrate
© H .
0 © ® :0°/ ©
l(') .' 6 -.
. \Cr/ ” H/O\H \ér/ i
H ‘0" X0 57 X0
© O H;C Ll ’ | i
- 3 . H;C C
H/ \H \C/ \O/H < 3 \C |\0"
H, . H, H ‘. \
carboxylic acids H
/O\/\j
H H
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11. THP protection of alcohols, ROH + DHP (TsOH cat.) - THP ether, which can be deprotected with H,SO,/H,O

H—OTs @
Problem \ /\/ H;0
H,0
—_—

THP protected alcohol regenerated alcohol

a. protection conditions - alkene addition reaction

/\H—OTS resonance O
,‘O.. O/\/ H R

H
DHP = dlhydropyran ~_ —

THP ethers do not react under strong
base/nucleophiles and neutral conditions \ /\/ -
(protected). They are hydrolyzed back
to the alcohol under acid conditions
(deprotected).

THP = tetrahydropyran
protected alcohol

H H
H\ - H "
O O/\/ H 4 H 0. @ O/\/ de':.sired alcohol 0 o
o - ' @ 0 OH
~Nog 1|1
THP = tetrahydropyran |
rotected alcohol H .
p H discard
Epoxides in Strong Base/Nucleophile mixtures: backside attack at least hindered carbon.
1. Hydroxide
0
Na® e |
Problem .0 \C S
H—O: ", — —
. 7 2. workup
CH;
® v"(3 : H, O [\ H, ..
Na H2C/ | H_ /C\S/O_‘ H—OH, H S ‘o'\
Ne) \C s —= 07, c” ® \O/ \C/ H
H—O: \_/ %, 13; —> te l‘a chiral center
CH; H;C H 2. workup H;C H did not invert
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2. Alkoxides

19
0
Na® ° H2C<|
Problem S
c —
H,C—O Y
3 \’// 2. workup
CH;
Na® Db H,C s ((;)"/\H OH & 0.
— H;C c_ S oo
o HZC\(L S —— 3 \O/ \C/ . ® 2 3 \O/ \C/ \H
H;C—0: J K”// l z o l EX chiral center
CH; H,C H 2. workup H;C H did not invert
3. Organometallics (Li and Mg)
.(-)-.
Li® e
Problem ) 2 \C S
3 — -
R \”/ 2. workup
____________________________________ D e m e m e mm e n e m e s memem e s e mennn e s e emene s eneenn e
L.@ v‘O H2 @. H, ..
1 o’ H OH N
o H2C<| S R/C\g/ . OH; R/C\S/O\H
Rim C"’//, l _:; l ’:; chiral center
CH H,C H 2. workup H;C H did not invert
4. Terminal acetylides
/'T
H,C
Problem Na L s
S C, — —>
R—C==C" V7, 2. workup
.................................... D e m e n e e n s e n e n e nennenn s
. ©
: H S\ H
0" 2 e 2 .o
Na o H2C<| S - \g/o.. H gHz C/C\Sé/O\H
R—C=C:~—" C‘O /C// l—: . C// l_:
7, = e = chiral center
H;C H
CH, R 3 R HC H did not invert
5. Cyanide
9
Problem N2 HZC\ | S
[e) C’«,, —> —
N=c: \// 2. workup
= i
@ v‘é. Hz -.e,/_\ .o HZ . .
Na A s S0* "H—OH, s o
e He | o o o o I .
N=C:~_" C, T \Z e g Z [
\"// HAC ?{ = chiral center
CH, 3 H;C H did not invert
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6. Lithium aluminum hydride and sodium borohydride (or deuterides)

20
Li® D . C/O '
o 2
Problem 02 Al—D \C"’/S
7 2. workup
D CH,
® .
Li Il) DO H2 S ..e./\ .o Hz .
o H_OH2 S .O.'
o H,C SN
D—Al—\]?/ \l"s —» D ﬁ ©) D/ \C/ \H
| \’// e ;f{ l S chiral center
D CH; 3 2. workup H;C H did not invert
7. Dithiane anion
. ¢ o
N '-@ Hzc/ | HgBr,/H,0
Problem \C . \C, S S Can do once
/ \\ \"// 2. workup or twice.
S : H CH; See above for hydrolysis to carbonyl compound.
. H 8 H .
ol ' o SN 0 H—0n, 8L O8O0
St 1, | C 4 ¢ el ¢ H
N > | /B | X
" Y’// S HC T 2. workup S* HC H cl.ural c?nter
/\ IP - did not invert
H CH,
8. Enolates
. 0
0T Li® H2C/ |
Problem || \C S —
C ) ", ’ 2. workup
e \QHz \C ]
O $.' ) .' O . O
” -~ 9 ” H, @‘/-\ ” H, ..
o S AN SO BTGOSO
PN C, H;C C C ® [ C C H
H;C CH, \"’/ H, l'—, — H, l‘—,
Li® CH; H;C H 2. workup H,C H
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9. Reactions with LDA (lithium diisopropylamide = strong, bulky base removes a proton, made from
diisopropylamine + n-butyl lithium)

o
Ao e
N_.@ Hzc\l S —>

Problem
Li® ‘«,,// —> 2. workup
CH;
.. H
.0-7 ® o .. / H
L .
/\ P )\ SRECE Cr\o" il
H\\\\‘yC_C“"”IH e'N \ ‘\\\‘\\H H/@\H H
H CCBHz ; - H\\\\‘yc_cq\\ BE—— H\\\\\\u..C—C o
| E2-like H CpHy 2. workup H/ Q(\\c H
H reaction pri2
Epoxides in Strong Acid/Electrophile mixtures
1. Aqueous acid
0
e |
Problem s H,S0,4
C
. H20
\’// —
CH;
H H
‘o H—O—H o~ \ D \ Son
/\ c/ \c H oo oW *‘\ACH3 — > H\\be_C;A 3
H\\\\\\“'Cb_ca‘“///]—{ H“‘“y ° N H \O./ H/ \ H H H R \
A ® 0—H \O/ /

YA

attack occurs at the more substituted carbon (more partial positive)

0
~
H,C TsOH
Problem 2
¢, S CH,OH
& — >
CH;
| H
® He_- -
/_\ ﬁ| —_ A /H 0 H 0 H
. H (6] CH;, O \ o \ R -
/ \ —— \ - ye _CyCH3 \\\“Cb_Ca‘ ’
-~ \\\\"Cb_ca.,” H CH3 H\\y b [ —_— H\ \
pwesy o Cagn gy e 'H No W \ H cn, H' R
DA ) O_—H \O P /

H s YCH, H QIE/ / \/ ~07
C H;C
attack occurs at the more substituted carbon (more partial positive) H;C \_/ 3
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Carbonyl Groups in Strong Base/Nucleophile mixtures

Aldehydes
1. Hydroxide — hydration
Problem @ ‘o°
Na
o u —
— .
) o e, H,0
__________________________________________________________________ S
0 RN _H
o 1D A A i
H—O:* C H carbonyl
- —_— 0 . H C.,
& \CH3 \.O./ \// tO—H \O/ \/,//H hydrate
equilibrium vt CH; —_ e CH,
attack from both faces favors C=0 ?s\l,lérls gig Rand S
2. Alkoxide — hemi-acetal formation
Problem @ o
Na
He— ﬂ
A PN -
H CH; CH;0H
o.. )
Na& O ) N® 0 :/_\ H : O/H
S) | | | (_ | | hemi-acetal
H,C—O: C
\H//4 \CH3 H3C\O./ C'\"//H : O—CH;, H3C\O/ C"///H
equilibrium c e CH,4 -~ e CH,
attack from both faces favors C=0 ?g\l,lcl)rls 82“01 RandS
3. Organometallics (Li and Mg reagents)
.'O 8
NC)
Problem Li ||
o _C — —
R: H CH; 2. workup
[S)
O :0 :/_\ .5 —H
.® || > Li® q :0
Li ! ! (: | . (lj
R@. \_I_I; \CH3 - > R/ '\I///H H_Q_H R/ ",///
attack from both faces 2. workup Rand S
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4. Terminal acetylides

o .'O %
Probl S | » —
roblem C
R—C=C: 7~ cu, 2. workup
e ............................................................
O > : 0 :/_\ O/H
ne © |(|: | @ T |
R—C==C: H e, — c” \~ H—O—H S
\/4 // CH /C
attack from both faces R 2. workup R/ Rand S
5. Cyanide
.'O ‘
Na I
Problem C —
e —_—
N= ' O cH, 2. workup
= o
0: ~_—H
Na : | <l |
C] —_— @
IN=C: \Ig cH, N\ H—O—H _C.,
/
N 7 CH
attack from both faces N R and S
6. Lithium aluminum hydride or sodium borohydride (or deuteride)
L® KN
Problem DEA]_D ﬂ — —
PN
D H CH, 2. workup
©.5 /\ H
Li® I|) (|)| > Li® ¢ | : H (|)/
D—Al—D ¢ G N | e
I G e U
CH; - = CH
D attack from both faces 2. workup Rand S 3

Problem

R 0 3. workup
. — -
‘< Li® e Ny 2.0
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:|O : LP >\ 0" 2. ‘o

/C\{\/H N\‘ - H/C\@ /\Br" C C

9H2 —_— .

resonance

0 Q‘.O" -'O'. A o
| 2 /\ I H .9 T
C C o) H—OH O
H/C\CGH — u~ ¢ \Ic{/ ! ® " H/C\I%/C\Ic{/o\H
< 2 2 3. workup 2 2
i < 0r TN N e 57
S N (N PR s
N SN C CH
! 'C'HiH/A “u H, ~CH 3.m<up n ¢’ e,
2

8. Dithiane anion - reacts with various electrophiles, can react once (make aldehydes) or twice (make ketones)

2. 3. HgClL/H,0
o u® —Br >
S N
Problem \@ 2. & 3. HgCl/H,0
C'\ pum— ——
s/. H 2. O
e —
S - Li® .. 0
C - 3. HgCly/H,0 C CH
/ \ or, C . HgCly/H, PP
. H e / \ H C
: . H H,
Li QO
\® 2. S 0 0
C / N\ \ N \H ” H,
/ \ . C 3. HgCly/H,0 e H
g. H / \ NN
o J. H H C 0
H,
@ oM H
. Li o
e SIL ¢ ||
Cc- S o 0
) \\J \ 3HECLH,0 7 NHUN
S. H C
. * —> / \ |
s. H CH;
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9. Sulfur ylid (make from a. diphenylsulfide + RBr (Sy2) b. sulfur salt + n-butyl lithium c. carbonyl compound)

R o
L i
Problem H,C 2 C
S | — — H CH,
Ph CH, n-butyl lithium —
© Ph 3
Ph Q‘ Br /\ o 0
| o e m < oo
e :\/Ijzc SR R TN ® ® | O ® £ iH
— i
Ph | S\2 \ 2 Li Ph/.s.\C/CHs H CH; o NHSTNG o
CH3 CH3 3 () | o | gt}
sulfur salt H CH:\/
sulfur ylid i
e
St e
WS 0

trans is preferred

10. Phosphorous ylid (Wittig reaction = make from a. triphenylphosphine + RBr (Sx2) b. phosphorous salt + n-butyl
lithium c. carbonyl compound)

Ph ‘Br ‘0"
.
| BT Pl
Problem \P | 2 C
pr A —— — H CH;
H;C n-butyl lithium —

H3C
phosphorous salt phosphorous ylid ¢
ph_ fh
Different approaches can lead to H P/ o
E alkenes, but are not discussed Ph , H Ph— N
> Ph Z, \ l
in our course. AN / /"C:C o “\/C-L /
wwe vy
PN e Y
ok H,c— 2 3 _CH,  CH;
.. H3C
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11. Wittig reaction that makes alkynes from aldehydes. (J.O.C., 1982, 47, 1837-1845)

.‘O.-
(H3CO)\|J ® /4N' 1 I
Problem (H,CO) e \ / u~ >R
/ \ n-butyl lithium .
H H 2 terminal alkyne
'. .' . . .. O.-

H.CO) ‘|) o N . © ‘0" . .

3 >J\ /N// /\/CHZ (H3CO)\u ® /%N (H3CO)\|| H ) 4N

H R /
(o™ 0 acoy” et \J (Hc0y” \
'Br@ H H H/ O —_— \ /R

phosphorous salt

‘0 © ¢
(H;CO) "/ \ e
0.
HCO I ~ NA .
.. //,/’ \\\\H /P—O :.
H—C=C—R - j :C'\\ (H;C0) \Eltﬁ/
e
terminal alkyne @ N Q R H l \///H
% ON R
Il
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Ketones (and carbon dioxide)

1. Hydroxide — hydration

Problem @ ‘0"
Na
H b'@- ﬂ CH; —»
R 3
H3C/ e H,O
H,
.. e ..
@ ok ) Na® 0 . :6—  carbonyl
.0 ” | | hydrate
H—O: C CH3 H C. H
H3C/ e D ~o / \‘//,,/C/CH3 :0—H ~o /C,,,,///C _CHs
H, equilibrium s taf ‘_T SR
= equilibrium
e o b s ] s €0 it
2. Hydroxide with carbon dioxide > makes bicarbonate = makes carbonic acid (an inorganic example)
Problem Na® /O s
.0 /C
H—O: 07
H,0 acidify
e
. ® P /\ H
Na® 0 . Na O: H . O/
.© o | | '
H—O0 L2500 ¢ Kle |
0 ‘0 = N H—O0—H ¢
.o N ] . O O/H .o . / \
equilibrium - e libri 0 O/H
favors C=0 bicarbonat equilibrium o
e O e . favors C-0_ carbonicacid
3. Alkoxide — makes hemi-ketal
Problem ) 0
Na
H;C 6(? u CH
;C—O0¢ ;3 —
H3C/ 7 H,0
H,
S}
® ~.u /\ H
o NaeD (|:|) ) Na : (|) : q o hemi-ketal
HyC—0Q * C CH; ___.  HcC C. -
H3C/ \C/ 3 \O./ \III//’C/CH3 :0—H HBC\O/CWI/’C/CI_B
H, equilibrium T uh — e b,
ttack f both £ favors C=0 3 equilibrium 3
attack from both faces favors C=0 Rand$S
4. Organometallics (Li and Mg reagents)
.'O'.
NS
Problem L ”
o C CHy —» —
R: H3C/ \C/ 2. workup
H,
e
0 /_\ L H
Li® || > Li® - C|) : I|{ : (|)
C CH3 , CH @
R@. H3C/ \%/ . R/ "////C/ 3 HSO—H R/ C\"'////C/ CHs
2 cHM2 — cHH2
attack from both faces 2. workup Rand S
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5. Organometallics (Li and Mg reagents) + CO, (special carbonyl) 2. workup
@ .

Problem (MgBr) C/Of
€] . / — —
. ‘0 5
et . workup
. /O.- Li ® 0: H 0
Li /C/\) l C |@
) ‘0 - H—O—H C )
R : \) — R/ \O R/ \.O .
__________________ attack frombothfaces o Rvekw o caboxylicacids
6. Terminal acetylides
o .'O’.
Probl Na [S) ”
roblem C CH -
R—C=C: pc” ¢ —>
f, 2. workup
e —
i D :0 :/\ o—NH
® || H
Mo C CH; i cH o |
R_CEC:\HiC:«( \%/ . C/ \",//,,C/ 3H—Q—H C/C,,,,///C/CHs
) /C/ CH3HZ _— C/ CH3HZ
attack from both faces R R/ Rand S
7. Cyanide
.'O'.
Na® [
Problem e /C\ /CH3 ;
tN=C* H;C IC{ 2. workup
2
o 95.7 X\ 6—"
N |C| CH | - (:T | C
© 3 — , H;
N=C: H3C/ \IC{/ o\ s H=0—H /C/ ////EI/
2 N// A H, — NE cuib
attack from both faces . 3 Rand S
8. Lithium aluminum hydride (more reactive) or sodium borohydride (less reactive) (...or deuterides)
Li® D ok
Problem DEAI—D |c| CH
| SN — > —
D H;C C > work
H, . workup
e/\ """""""""""" e "
ol = ue i i
D=2 Al—D C CH C., cHy, | ® C., CH,
N N e S ol
b H, cuH — cHib
attack from both faces 2. workup Rand S
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9. Enolates - many variations

2. /\Br
—
/4 ‘0" 2 2
-0
Problem N, H H -78°C 3. workup
‘< Li® S S, 2.0
3 .
H, 2. workup
PN
3. workup
. |C|) . L]@ )\ . (|)| . 2 m ﬁ
TN C_© P H,
H;C f, © >7 780 H3C ¢ CH, _ g B H3C/C\C/C\CH3
H
resonance 2
"O . '.O" ok A o
|| 2. || H, S] e I H, .
€@ P P . 8H2 Ao O AON
H C/ \CH —> H;C C C H5C C C H
’ _ H, Hy 3. workup Hy Hy
(0] .'O'. @O H
I | ” | /N for 5
€O .~ C CH e I |
H3C/ \CEH/A CHy o N e — O _CH
R 2 3 3. workup H;C C \CH3
2

3. HgCl1,/H,0
L@ 2. - g, gCly/Hy
gt
Problem © 2. O
\C . /\ 3. HgCl,/H,0
AN
s/ H 2.9
: C 3. HgCl,/H,O
H,C” “CH; £
S :@Li(@ 2. ) . 0
. /N :
\C ‘ /\ ‘. \ /\ ﬂ CH
/ \\ Br, C 3. HgCIly/H,0 P e
. H = / \ — C
° S . H H2
Li QO ..
\© 2. S} JON O
ok A NN I H,
. H - / \ NG N
J. 'H H C 0
P Hz
--------------- N s
S Li Q || - (0]
© CH |
C PN S ’ e S0
/ . \H;C CH; \C CH 3. HgCl,/H,O H \/C/ H
—
/.\H H,C  CHs

y:\files\classes\315\315 Handouts\arrow pushing mechs & rxn summary.doc



30

11. Sulfur ylid (make from a. diphenylsulfide + RBr (Sy2) b. sulfur salt + n-butyl lithium c. carbonyl compound)

Do
Problem . H,C ) 1 2 /C\
/§ . | — — H3C CH3
Ph CH, n-butyl lithium —
Ph 3
Ph B | /\ o '
.. Ph I Ph CH;
Br H /\/CH2 o | cH
e N ® | I ® A
P N2 _» Ph HC D ® g cn. M€ A CH; S ¢
| Sx2 Li Ph/ \C/ Ph/"\]g/ \O °
CH, CH, —> o
| — |
H betaine  CHj
sulfur salt ylid ¢
Ph
| ‘.\\\\\\\\
S e
Ph/" 0:

trans is preferred

12. Phosphorous ylid (Wittig reaction = make from a. triphenylphosphine + RBr (Sxy2) b. phosphorous salt + n-butyl
lithium c. carbonyl compound)

Ph
Ph
Problem \1|) . | 1 2 C
ol o _

— — H;C

\/ o
Ph— T N
Ph Ph H/’// WCH; \\\El C/
\/ )C:C{ H““l \l,’////CH3
—FP + -
TN o—CH, CH;, At g
0 H oxaphosphatane

cis is preferred
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Esters (and carbonates)

1. Hydroxide (hydrolysis is also called saponification = soap making)

‘0t
N
Problem (00 N ,
o o . R
ester
..© o
‘0" R :0 4) overall = acyl substitution R/O&
- > \é\ © ‘0" H ‘0~
A R _-— .- R R /.O
E \O R addition (6] elimination R ' \1 H /} .
At H— \() " =) O R

tetrahedral intermediate = (T.1.)

-.O ..
Problem ,C
3 \O R\ )J\ ,
o . ,.O" R
ester
..©
R 10
0 7 the nucleophile R\ ‘\ 4) o overall = acyl substitution
H.C attacks the o) - ‘o~
’ \O R\ electrophile " R’ —_— r—O.
o’ .0l R' - _o. elimination H,C
addition H,C— ~ ,
ester . . O R
tetrahedral intermediate = (T.I.) S

overall = acyl substitution

3. Organometallics (Li and Mg reagents)

. the nucleophile reaction
o attacks the ..© option not ‘0"
7 electrophile possible to . @
H;C — aldehydes \/O :
A == .
CH, /\ and ketones
of J R — ethoxide R
ester elimination similar energy
to T.I. intermediate ketone is
tetrahedral intermediate o more reactive
(T.I) . than the ester
__CH,
O :0
3° alcohol with {\ /
two identical H,0—H
groups at alcohol R @ R
carbon. <
2. workup
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4. Lithium aluminum hydride or sodium borohydride (or deuteride)

Problem —_—
(o} R' 2. workup

ol €
ll) \_y R addition : R elimination - D R
D D

ester
tetrahedral intermediate D9 A|1—D aldehyde is
(T.L) | l more reactive
Li® D than the ester
H
1° alcohol with : O/
two identical f\ /
groups at alcohol HZO—H
carbon. D R D R
D D
2. workup
5. Diisobutylaluminium hydride (DIBAH)
O .
bl -78°C
Problem 1. DIBAH
/Y 2. workup
R' E—
DIBAH ester
R R R\ R
A< "0 Ny HOh W Al—g—H
| 78°C / : ® ® R
—\ > K R Z | .
H R addition H—C 2. workup H—C
\.'O R‘ / \RV \R‘ \ '
ester R/Q: R/Q: resonance - /
O:
resonance R -
H R’ H ¢ R’ H H ﬂ
T | Ne—R No—R H\ "
— —— \ — —
_ ES .. H<=—> C
0. W («\/ o— /\O/H — [\t
te o '-®\H R/O D R/O . —
aldehyde . ®\ H,0: R— " | ®
L : OH, H LL (\ \_/VH
H—OH,
<]
6. Amines

7. Lithium diisopropylamide (LDA), run at -78°C
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8. Cuprate reactions — three variations for us that complement the lithium and magnesium organometallics

Li CuBr Br
Problem /Br metal cuprous salt R'/
R —_— — .
L® ts with acid chlorides, makes ket
HC B L .9 CuBr H, H, reacts with acid chlorides, makes ketones
C H,C cuprous salt C C
H, metal \CH3 > H3C/ \Cu/ \CH3 reacts with RX compounds, couples 2 RBr
. ) Ly
organolithium reagents P reacts with a,B-unsaturated C=0, conjugate addition
organocuprate

reacts with acid chlorides to make ketones

.. ‘0"
‘0"
LP ) acyl \)J\
/\ Cu/\ . )k substitution . ¢
© .CI \
o new bond
reacts with RX compounds new bond
SN2
/\ Cu/\ /\ Br I alkane - hard to tell where
o . new bond formed
conjugate addition to a,3-unsaturated carbonyl compound @d/\
. H,0—H ..
e /—) 5 - ’\ o . 0.
. M O . .
/\CU/QB\‘ \5 conjugate }
) new bond
addition 2. workup
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Carbonyls (aldehydes, ketones, esters, amides, nitriles) in Strong Acid/Electrophile mixtures

1. Aqueous acid makes carbonyl hydrates

Problem | | HI-21884
C 2
me” Sew, >
___________________ e
H (|)® H | ®
9 ® O—H H H;0 H
J\ o M 6~ 5~
0 ) 0 |
|(L . |c| -— ®é H,C—C—CH, =—= H3C—(|3—CH3
- PN H H
e e S SN I NS S

P

On
Problem | | TsOH TsOH
C CH;OH
H, C/ \H CH;0H hemi-acetal i acetal
(-H,0)
Ts—O—H/\
H—Q—Ts ® . M o M
. /H H .5 0
fon o 5 Y |
|| _ ||> -~ 5 | R—(|?—H R—C—H
/C\ /C\ resonance C HC u | |
S TR e el e
O ~N Nos ~
H,C H Ol H;C

u hemi-acetal

CHs H,C H “
H3C\O H3C\£\/H[\.-O/ [Qo/ | ,
| ®f “\ R H R_® _H 07
| ~ . ~_ AR
R—C—H R—C—H H ¢ c |
[ m— |
| | <O ® resonance 5 R—T—H
(0] : b
~ /O : H C/ ~ remove H,O
H :
H3C cetal H;C ’ i€ - C/Q
3
H—O/:_\\ g
| H=—Q—Ts H\ PN O PN AN /O
'.O.- % H H,C H —_— /C\
PN : ‘0 H;C H
H;C H "N several steps acetal favored by
carbonyl favored by H removal of water
addition of water several steps hemi-acetal
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o H—OTs
Problem " OH
)J\ i Q/\/ —_—
Making a ketal (acetals are similar) H TsO—H /\
H
/N - -
/—\ Y. ® n 0 0 -0
H—0O0Ts o o

OH

|

® H\ . Y ! | :® = 0 k
o~ Uy s~

ketal water controls the direction of equilibrium
[\ e
. H;0
: O, 3
Problem [8) g H,0
e

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

i O.' Q. | ® \. O/ 3 o B QH
S L de D k-P L —
(]
Ketal (H,S04/H,0)

H H
H H (0) 'O
..(|)® SN TN 1
! .

®

ﬂ
n
:—C;;o<<m7
% /

O. resonance O:
FEERN . -
‘o e 0w P P
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3. Carbonyl (aldehyde or ketone) + RNH, + TsOH (-H,O) / pH = 5, makes imines that can be reduced

(a. NaH3;BCN b. workup) to amines.
‘0" TsOH 1. NaH;BCN

. -H,0
Problem )J\ /\/NH2 (—2>) Z.mp

Making an imine from a ketone or aldehyde and NH;, RNH, or R,NH. Then making the imine into a 1°, 2° or 3° amine using NaH;BCN and workup.

TsO—H
/’_\ /N " " o SU r\:é/H

o I|{ H-—OTs 2/ L
N ? resonance - O
/\/"\H pH=~5 )|\ 9)@\ g
W)_/A °. N

~ ~
ketone or ® | H\/ ;
aldehyde ~ NHj3, RNH; or R;NH i

[——

water controls the direction of equilibrium

remove to H H
for imine \O./ H H
o \O/
[Ch
Y [©) )
BERTEE
@\H‘—\ \H H
imine . /R
H,N

H

|
B
N. }|I ® /\/

N N: .. N\
.. a : H—OH, H
fmine Na® \/ \f@ amine
Transformations

C=0 + NH;—> primary amines
C=0 + 1° amines—» secondary amines
C=0 + 2° amines— tertiary amines
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4. Carbonyl (aldehyde or ketone) + R2NH + TsOH (-H,O) / pH = 5, makes enamine that can be alkylated and
hydrolyzed back to a ketone

N (-H,0) 2. workup
| —
H
ketone #1 pyrrolidine enamine keto
T T T LT A EL LTI

()

‘Q° ..
: 0/ He)
_— | 7 resonance
~ <> @
N~ pH =~ 5 1 o l
| (-H,0) ® \>Nq 1 OTs
ketone or \/ he
aldehyde H

(9=

Water controls the direction of equilibrium ﬂ
{ E H H
remove t(? ~_ H H
form enamine .0 ~.
N> ct ® o
B ;H ® >
n A | i /Y
D <

N : _— N
S —— N * N

© @ resonance

enamine - good

carbon nucleophile

:/%
O/z
\I
/X
/
4/%
/:7%
v}
/

.O. No X
new ketone with " SH : O\ - ® |
added electrophile H H
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5. Fischer esterification (RCO,H + R’OH - RCO,R’ + H,0 using TsOH as acid catalyst)

Probl ﬁ TsOH
rooliem CH.OH
C H HSC\ /H —>3
R -0’ (-H,0)
H—O—Ts H
I\ 2 n M o 5"
. ﬁ . . O| resonance (|) resonance | N (|: O /H
-~ - C—
-~ ® C /) H = o
C H N H;C H
P P SN Ry Yo7 ot ® | d
R 207" R N R (/,o.. b . Lol
carboxylic alcohol He (’ H
acid .
ﬂ *O—Ts
equilibrium is controlled by water, removing water shifts it to the right and adding water shifts it to the left @"
® 7/\ : :(.?—Ts Ts—a—H/\
H o H q A _H
o< . H H N
o Q : o./ resonance O-/ N 10
|| resonance | : - | . @O: | /H
/C\ /CH3 C\/) CH; C(‘B CH R R—(|j—6/H R—C—0Q
R LO. R/ \O./ R/ N 0/ 3 | e —_—
®" e 0:
C/ /Q . H3C/..
e TIL =B
‘on water can be o
distilled out H H
|| and removed N O/
/C\ /CH3 from the equilibrium Y
R .0,
ester =C
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Acid chlorides (and chloroformates, phosgene and equivalents, sulfur, nitrogen and phosphorous)

1. Making an acid chloride (from RCO,H + SOCl,)

0 ‘ot
Problem || ”
PN L —
R (6] Cl/ \Cl
©:0" o " o ORI
. . \ \/ AV
ﬁ —\ r > gs\'él 5> 5>
C H . S . > || resonance | resonance |
R (08 Cl .Cl C H C H C {\ H Base
R \..O-_/ D DO'/ R \O( .
®

. © I ﬁ 5 STa
:91 : /S | k/
Cl O : 'O/S\CI B P — /C\
/C\ . ®— R—C=o0 ?<—> R_C£5 . < |J R \9'
R 2 U acylium ion ® R/C\O" ¢l @ He B
resonance ~ it —Base

2. Alcohols make esters

Problem H, )k
C H —

There are many variations of ROH and H @ |
RCO,H joined together by oxygen.

N/

H
There are many variations of RNH, or R,NH

and RCO,H joined together by nitrogen.

R Cr
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4. Organometallics (Li and Mg reagents) make tertiary alcohols

5. Lithium aluminum hydride or sodium borohydride make primary alcohols
6. Diisobutylaluminium hydride (DIBAH) makes ketones

7. Carboxylic acids make anhydrides

8.  Water remakes the carboxylic acid (not desired)

9. Aromatics + AICI3 makes aromatic ketones

10. Cuprates make ketones

Anhydrides (organic and mixed)

1. Hydroxide

2. Alkoxide

3. Organometallics (Li and Mg reagents)

4. Lithium aluminum hydride or sodium borohydride
5. Diisobutylaluminium hydride (DIBAH)

6. Amines

7. Lithium diisopropylamide (LDA)

Acids

1. Hydroxide

2. Alkoxide

3. Organometallics (Li and Mg reagents)

4. Lithium aluminum hydride or sodium borohydride
5. Diisobutylaluminium hydride (DIBAH)

6. Amines

7. Lithium diisopropylamide (LDA)
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Amides (primary, secondary and tertiary)

1. Hydroxide

2. Alkoxide

3. Organometallics (Li and Mg reagents)

4. Lithium aluminum hydride or sodium borohydride
5. Diisobutylaluminium hydride (DIBAH)

6. Amines

7. Lithium diisopropylamide (LDA)

Nitriles

1. Hydroxide

2. Alkoxide

3. Organometallics (Li and Mg reagents)

4. Lithium aluminum hydride or sodium borohydride

5. Diisobutylaluminium hydride (DIBAH)

6. Amines

7. Lithium diisopropylamide (LDA)

8.

Carbonyl Groups in Strong Protic or Lewis Acid Conditions
7. Aldehydes

8. Ketones (and carbon dioxide)

9. Esters (and carbonates)

10. Acid chlorides (and chloroformates, phosgene and equivalents, sulfur, nitrogen and phosphorous)
11. Anhydrides (organic and mixed)

12. Acids
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13. Amides (primary, secondary and tertiary)
14. Nitriles

15.

Miscellaneous (Various name reactions)

1. Baeyer Villigar reaction

2. lodoform reaction

3. Nitrile synthesis from primary amide and SOCl,

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

o :O.. oo e:'o'- RIS S
.. o\ N\
ﬁ : ﬁ ) .-O/S\g : .b-/s\.a :
> resonance )
/C\../H —_— || | resonance
TN N St T e T e
H | |
___________________________________________________ B H .
.'OO.
H—a G | i
< ..O/s_. \
R—C=N —<— R—CE%—H <> R—C—N—H —=——— TA
resonance U resonance ® - C\ .,
R N .0
| Cl:
H
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4. Hydrolysis of nitriles (moderate acid makes 1° amide, strong acid/heat makes carboxylic acids)

HC1/ H,O0 hydrolysis of a nitrile to an amide (in H,SO,/ H,O / A hydrolysis continues on to a carboxylic acid)

|
e s Q | ® —_— C/ resonance @ /N - |
’ H—O—H el < e
- 3 o' N . o
i—g—n V)
T I Zf)\/
H H H H H
| b me Ble |
H3C\C/N\H H3C\®C/N\H 3 \C/ ~y H3C\C/N" /\H
- o T
|(|)/) resonance (|)k> resonance (|)\ —_ | Q| ®
i -@\H,\ O, _—_— ..O\H H—O0—H
.. I|{ hydroxamic acid
X ®
ﬂ u~ H H—0—H
[ TTeTeeTeemeeeeemeee il
H;C N_ -/
N~ H .
i No " BN A
H—O——H ~
S ||»7 H | 0O—H
—_— O —_ (o) | @
1° amides ® "H H/ H /H
stop here in HCUH,0 secresonance stuctures 3
(continue on in H,SO4/H,0) ” \
-------------------------------------------------------------------------------------------- H
|
H H .
H,C_ ® _H | H e /N.\H
\C/O\ ~y H;C Y‘N< C\
Np g _. }
/‘O E—— | 0O: E-— /O. |
B o, | T n <le
resonancei -""“-"""""""""““H- ----------------------------------------- 1_|{ -------------------
| _H H3C 0 H
- 3 Y. ~
H3C_ . H;C\C_(,).@ o NF H/g\H
C—O —
q || U\H resonance . | U\U - ‘0. most stable cation drives
0. 0. H/ ) equilibrium to completion
s :
H ) H

carboxylic acids (in H,SO4/A)

5. Ritter reaction
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
Cuprates
DIBAH
Nitriles

Thionyl chloride
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(|) .
¢, 8
\%
cily
.0
e H;C—O0+ methyl RBr = only S\2 methyl RBr = only S\2
IN=C: primary RBr =Sy\2>E2 primary RBr = mainly Sy2
o secondary RBr = E2 > S\2 secondary RBr = mainly Sy2
H—0: tertiary RBr = only E2 tertiary RBr = only E2
o D
@
R—C=C: S Na o i
R: e e D—AI—D Heo:
. . Ll H_O °° )
‘0" .- D
At
HCT O CH,
S
0. "0
I H c/c|) ﬂ s g)“/_\Hﬁb'H
C S) L s — NN ® 2
PN C, H;C C C
H;C CH, \’/,/ H, z —
Li ® CI—EI H;C H 2. workup
H
:_R ﬂ Q/J)_H Vi/ater is a good e
s ® eaving group ,C—
H,C CH2 H Br: H,C—Cl, . c/
H;C pKa =9 / ’
. HyC ° S\2
primary alcohol . ﬁr : no rearrangement

y:\files\classes\315\315 Handouts\arrow pushing mechs & rxn summary.doc

45

methyl RBr = only Sy2
primary RBr = S\2>E2
secondary RBr = Sy2 > E2

tertiary RBr = only E2
methyl RBr = only S\2
primary RBr = Sy\2>E2
secondary RBr = S\2 > E2
tertiary RBr = only E2
.'O ‘
ﬂ s o
N
H,C P \C P \Q P
H, Z
H,C H
.. 9
/\ :Br:
o,
H—Br: |
CH, 'y
. H—O—H
,.Br.° Te

primary bromoalkane



46

a b
I SN B N=C — )\ I
‘N
I \N
C
H H,0 d
] O O
— I — I
Br o I O
H
e 0 Li 2. workup o H,0
0 Li —
CH, CH;
— H—OH,
CH,4 Li
al cl
f O  Na 2 workup _H H,0
o N 0
a C: —_—
/\’/ — —— —
H (o— H Li
Cl H Cl
2. workup H
g Na Na 0 O/ H2O
(0]
< — = =
C=CcCH H—OH,
h H

H
H
H
H—Cl —— H i ol
CH; CH,4 cl CH,4
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i There isn't any lone pair, so you have to use the pi electrons as the nucleophile.

; |
H
o H ¢ H H;C ~#C~n
= — Z TH . ¢
€ H—O—H A€ — |
H;C H;C o—H 0
/ ~
H H
| H
- _ H—O
H H H
H,C (|:/ y |/ " |/ f i H
3 ~
\C/ H H3C\C/C\H HSC\C/C\H H—(|)—H |
| — — ] — N
O H c
< BN
H o H é
H—O—H - B
i~ H S
J a little tricky, Br
_ requires 3 arrows
Br Br to make bridge /Q . Br
/\
Br Br
k a little tricky, Br
Br Br requires 3 arrows /</ Br Br
—_— — =
(0]
/\ o _-0 H™
H ~ o
H/ \H Br H H/ \H H—OH,

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

I Q-1 -
H
|
|

(H,S0,/H,0)

common name = P
H H

o
H Y

functional PN
group =

o0 ==
H
~
o/\‘ H\O/H O/\‘
OH | OH
H

° _©

H
)
~

Remove H,O shifts equilibrium to the

Adding H,O shifts equilibrium to the
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m ester base hydrolysis = saponification

Na Na Na
o) o 0—R
|| O—H | /R o
C R —
o - \O / o R C o] s ||
<N | pd C\ ~ :
H H R o
O\
ester H
H (@)
o) / H/ \R
(0] O
|| H/ \H ? || alcohol
C H «—>
T N PN PN
o 2. work R o
carboxylic acid - WOTKUD R © Na
y (neutralize carboxylate)
n ester synthesis from acyl substition at an acid chloride with an alcohol o
(0]
|| / i | / ) i ~ |J\ e R
P Q —> R—C—0O — ﬂ s —> R o
R cl \ | \ 7N
H Cl H R o al
acid chloride | H—ClI
H
o secondary amide synthesis from acyl substition at an acid chloride with a primary amine
(0]
O
‘|°| / I/ || L
P - R—C—N—H —> R —— R/ \N/
R cl \ \ R /N |
H H H
Cl | Cl H
acid chloride H H cl
p synthesis of an acid chloride from an acid + thionyl chloride (SOCl,)
(0] (0]
Cl Cl Cl
\s/ resonance \ / \s/
ﬁ ﬁ o T o
R C\o/ " a” §\cl l3| H <|: H c|: H ‘B
‘ Base
R/\O/ R/\O/ R/\O/
------------------------------------------------------------------------------------------------- \ O\ /Cl
O S
(0] / \C|
resonance cl _ ”S | | T
Cl F S~ !
(@) P \
- = R (0]
R N PN cl
R o H—Base

acylium ion

y:\files\classes\315\315 Handouts\arrow pushing mechs & rxn summary.doc
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q synthesis of an alkyl chloride from an alcohol + thionyl chloride (SOCl,) [can also make RBr from SOBTr,]

O
0 0 cl c
. || s N e K
c H S — PN c R 0
R o a” e R T
H Base H—Base
""""""""""""""""""""""""""""""" o T l
cl ” cl
Sn2 at methyl and /S o
primary alcohols CH, 0 cl c H ||
v c S—_
R/ \O/ c

r synthesis of an alkyl chloride from an alcohol + thionyl chloride (SOCl,) [can also make RBr from SOBr;]

; YA L\

O
e CH S\
I cH.__~"a AN
PN PN R o § °
R o] cl cl |
H Base H—Base
............................................................................... G
R
| R cl ” R o)
Sy 1 at secondary and C/CI /S || cl
tertiary alcohols - L /C\ © - |
R CH S—_
R O

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

0 o)
\S/CI resonance \ /CI \ /CI
Q o 7 Tcl S~ S ~~¢
/ﬂ\ e /ﬂ\ ﬁ T T
R T cl cl R/C\T/H R/c\ /H R/c\ /H ‘ Base
........ HH'L l|4 \ o\ al
0 /
H—ClI cl | ﬁ O/S\m
O/S S— |
o/ cl /c\
R—C=N =<— R—C=—=N—H =-—> R—C—N—H -= | R XN
resonance R/C\N “ |L
,L H—Base
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S There isn't any lone pair, so you have to use the pi electrons as the nucleophile. H
o
H | 0
H H " H
ch\ /C\ — = HaC ¢ 0 H Hsc\ /c\
3 —_— H
c \CHZ H o H \C/ \CH3 / ﬁz CHs
l H—O—H
hydration of an alkene with aqueous acid H
form most stable carbocation H | H
( rearrangements are possible ) | /O
HsC c H—O—H
\C / \CH3
Hy
t There isn't any lone pair, so you have to use the pi electrons as the nucleophile.
H
H
! \/
HaC g — | NN g
NG R | H3C , C — C CHg
cH” ¢y, H—O—H e N, | \o y
| CH;
ChHs CHs l
hydration of an alkene with aqueous acid H H H H
form most stable carbocation \ / \ /
( rearrangements are possible ) H3C\ /C\ HsC c
c - N \CH3
e | ~
3 HaC |
H o H S
\H / / \H
H—O—H H—0O H
S There isn't any lone pair, so you have to use the pi electrons as the nucleophile. CHj
o
H
H _O—,
N /E\ | > HgC C P M NP
3 — C CH
C \CH2 H_O_CH3 \C/ \CH / H2 3
H, H, 3 H
(CH;0H / TsOH)
H——O——CH;
hydration of an alkene with aqueous acid CHs
form most stable carbocation H | H
( rearrangements are possible ) | /o |
HsC ¢ H——O——CH
3
\C ~ \CH3

y:\files\classes\315\315 Handouts\arrow pushing mechs & rxn summary.doc
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t There isn't any lone pair, so you have to use the pi electrons as the nucleophile.

. ! \/"

H H HsC C HsC
HsC C — N
N R HsC | c —_— C CH,4
CH \CH2 H——O——CHj3 \C/ \CH3 | o H
| CH3
CH, CH
(CH;0H / TsOH) 3 l
ether synthesis from an alkene with alcoholic acid H H H H
form most stable carbocation \ / \ /
( rearrangements are possible ) HsC c HaC C
\C/ \CH3 - 3 \C/ \CH
he” | P 3
3 HsC |
H 0 H
| Sox / O\CH
H3C_O_H H3C—O H 3

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

g\<o \:E/ O/\\o\ H\O/H )oi\‘o\ ﬁ)oi\‘o\ _ \o;\‘OH

P
(H,S0,/H,0) o
H/ \H
common name = o
H/ \H /O\
H o H H
\o/\/ \H w
H
~
H\O A O/\‘ N o 4 )
OH | OH
M —_— PP _— H
e} o o o
H/ H/ H/ H/ ©
functional H/ O\H

group = . o
Remove H,O shifts equilibrium to the

Adding H,O shifts equilibrium to the
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i HCl1/ H,0 hydrolysis of a nitrile to an amide (in H,SO, / H,O hydrolysis continues on to a carboxylic acid)

|
N e H Lo AN
=z H N ~ C
C —_ =
v B 7 N —_
H,C e -— F = |
H—O—H H;C ~ O
H,C / \H
H—O——H H !
-------------------------------------------------------------------------------------------- L /
_ | {
| | | P
H;C N |
|| ] — i i
o 0 o
~ ™~ 0] H—O—H
L H \H H _ H \H
0 H—O—H
ﬂ H H
T ............................................................................................
H H H
~ H
H,C cZ_ | /
SN TH I H;C N— Q HyC IL
| ST
o H—O—H | H | \T_H
0 0
. It " H H
St9p here ¥n HCIH,0 see resonance structures /
(continue on in H,SO4/H,0) directly above ﬂ O\
____________________________________________________________________________________________ H
|
H H
H
H3C\C 1|\1/ o |/H H3C\C/N\H
~
| \O H 3 \C/N\H | \O
o | — e = AT
e -
H H _0 | H H
H b H—O——H
i . i
H,C | - H Hs;C /o IL/ H
C O\ | \
(|) H e H /O most stable cation drives
H/ H/ H equilibrium to completion
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S\ 0 2

\\ N—H o
(0]
N e — \\ o
H e} H C ~
\T || \T/ \O O/C \o
Cr,
ZE - - |
HsC c o) o HsC c
H3C C
\C/ | \H \C/ | \H 3 N TN
He Mo ﬁz | :
H
rimary alcohols
primary / \N l
PCC = pyridinium chlorochromate oxidation
of primary alcohol to an aldehyde (no water to o
hydrate the carbonyl group) / \N_H ﬁ \Cr /\O
HiC O~ o
C H
Ha
aldehydes
/N L & }
N P — o)
H o H C -~
S || Ny S
Cr
27X |
HsC c o o HsC C
HsC Cc
N | \CH3 N | \CH3 NN
o S ¢ | en,
H
secondary alcohols
y / A\ Y l
S — 0
PCC = pyridinium chlorochromate oxidation o \ o
of secondary alcohol to a ketone / \ e
N—H | S
HsC C o
N
C CH
H, :
ketones
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| H °
O
~ 0 \\ o
@]
o H N o \o H H P
| L H H | (|) O
2N, —
H3C C o 0 H;C C
HsC Cc
\C/ | \H \C/ | \H 3 N TN
H, H c | H
H 2 H Hy
. Jones = CrO5 / H,O / acid
lcohol 30752
primaty aicono’s primary alcohols oxidize to carboxylic acids l
------------------- (water hydrates the carbonyl group, T R L PR TR
which oxidizes a second time )
H
H H Q
e
o o o o \ o
HsC l - ” H/‘ \H HsC c| Cr\\o
3 \c/ \H H3C\C/C\H s \C/ \H
H, H, H,
hydration of the aldehyde aldehydes
[e) H
l H/ \H | ] ]
(@) O
7N \O/ \\ o]
/H H\ H H \ P
C|) H O ? i \O/ \O
HaC /C_O< " — " HsC l—o ﬂ |
¢\ N . e HaC c—o0
H C o} 0]
H, H 5, \H H . N C/ \ \H
second oxidation of the carbonyl hydrate H
H
o\ l .
O
Cr/ ~ O\ \\ A
o H C
ﬁ o P \O
HsC C |
’ \C/ \O/H - H3C\ /C—O\
H, C
H, H H
(@)
y / \H o
v >y
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N? .. H,
. C
— HSC\C/ > 7 Do,
= N —— P
Nge @O : H, .@/\T H, .
H,C C 0’ ® 02
N= ‘\/z e - e i 9% NN
\” S B . 7
CH; H;C H H,C H
.'O°. [S) . /\
N | = :C|): | -
e C _ Q@ B |
N=c: \_H; \CH3 S H—Q—H S,
//C H —_— C \//H
N CH; NZ CH,
@ . H,
Na LS C
chce- N /C/ \CH3
— T~ A NS —— w &
. o
Na e /O: H, .@/\T H, .
H,C C o ® ‘02
HC==C" \/42 e - P HSO—H SO
uc? g s wZ H
CH; H;C H H,C H
.'O°. (S /_\
N8 = i : o
__° PN — C, Cle |
e=e o 2 T
//C H . _C \//H
HC CH, uc? CH,
AN .
o H,C Br- . .
__C. 3 \C/ - too many side reactions
@' H, e poor yields
Li
O H
® .
b O H,  H e/\T H,C S \o'°
e 0" NN TN
1,c_| H,C C C 0. Kle c c C
\/\QH2 e NN TN H— 0 n g g
\*% i 2 B — HC T
cH! H,C
o °. s
S [ 5 ) 1
© C _ Qle C.
/C'.\I‘I; \CH3 \C/C'\'///H H—Q—H \C/ /////H
~Q.) CH —_— CH3
Li 3
P F
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@
Li p .
R 2
b A|1@_ b i _Br P
C : D CH;
NG A R
D
Na D O . /-\
o <) H
(0] H
© v 2 (A H, .
D—IL—D HZC\' —_— PN /O (:|® PN /O.\
| C, D C H—0Q—H D C H
D \” B — 8
CHl; e T H,C T
L® 5 fex ° .. T TN
| | ) 0 H O/H
©
D—AI—D C —_— | @
<N C., HSJ)_H |
| H CHs N\, b C.,
" \Nu § -\
D CH, - CH,
. €]
/N QL / \N_H o) ©
H L O e O g
. (o] - . ’
\T: /—\” DT/ \9- .b‘/C\
Cr.
S — — |
HsC c o o HsC c "
\C/|\H bed bl \C/|\H 3C\ /C
2 2
primary alcohols / \N . J l
PCC = pyridinium chlorochromate oxidation @
of primary alcohol to an aldehyde (no water to 0" ©
hydrate the carbonyl :
ydrate the carbonyl group) / \ ® O| \Cr _o.
PCC: base = pyridine N—H e a TN
— 3 .
NN ’
Jones: base = water (H:Z H
aldehydes
Reaction continues with aldehydes, IF in water (= Jones).
H H H
0] /\ | ® : O/ / carbonyl /
|| H—O—H ” > t0; hydrate ;3.
HiC O N H;C C | |
C H \j‘ N Ny ——  HC C
H, _— H, e S | Ny —— O N
aldehyde H—0—H Hy <58 f, - | "
~ 20
(from 1° alcohol) ¢ H/ t/ H . yan
: H
resonance t/ OH, ..
O| .
Cr,
oo
H
oM Y
. T |
H, .o
C 0 1) OH H5C C
VN A H5C C {\ 2 I
H;C C H o e \c/|‘§H % e H
” \ o Hy g . . 2°0 o
20 P B — N y_20. H,0 : /\5\ i
Cro_ . = H Cr
e S Va4
carboxylic acids :d o6 0 0" o
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Possible Keys —Check for mistakes. I often make a few with all of the necessary computer clicks.

a

©

:Br:

o=
1

c .
/»HL H,0 : ¢ o . ©
A N
. .0 21
HO_ N j\/} —_— ‘ : ].31‘ : )L /_j\/-.z  — o
© .].31':_ '.C).-'@ .-I Kl LI
.o H .o
¢ ® . ® 2. workup 107 H,0
O. 1 \ o
© E— 3
. CH, H—OH2 L® e
1Cl:
@
¢ K\ ..
or 2. workup - _H H,0 :
0._ Na(-D . O/ 2
C=N: @ .
N ® o B0k =N 8
H C—=N": \} Li ..©
H 1Cl:
g @: 5 2. workup - O/H H26 :
S e e *
7> e M @
/<1 C=CH H—OH,

P
.
.

h H
H
N H
H—Cl: — ® . CH,
CH, \j CH;4 e @ Ci-
from best R* +Cl: W
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i There isn't any lone pair, so you have to use the pi electrons as the nucleophile.

| |
H
= [ ® /l\ i B Z~u
T T G I
H;C ..@ HsC v t0—H Q:O
| H
—0:_J
}|I B H resonance H X .
H
H\C/C\H H\C/C\H H\e/C<H ! ﬁ\\/C\H
| ~— | 1 A ¢
0 H ._o[) <To I — H_Q®_H L
| (‘B\H/_\..O' -.\H ,.\H
H—O—H -
..@ H/ \H
) f\ a little tricky, (\ .
: Br—Br: requires 3 arrows Br :69 .
(— * Br Br to make bridge /</ s
\ Bre ”,3_".'

a little tricky, (\ Br:
requires 3 arrows /Q ®

) Al

— :Br—Br: ﬁ/\Br ﬁ/\Br
e .o > ‘e
/\\JA . . _J o ® o) [\ H/O ®
PON . — s O"
H/ \H Br: H \H H/ \H H—OH,
water is better than bromide
1 Making a ketal (acetals are similar) "
/\ - H TsQ—H H
Q H—OTs .-2/ . .5 : Y u &
OH s ' - .
)‘J\ H'Q/\/ . )|\ )\ < OH /}\ :6H /}\
® \\/@of’) o o
functional Ny o i
unctiona
group = ketone \/
H " common name = hemi-ketal “
~o
¢ H H H H
| ® N o H H
H .O. O \,o. e
@
A H H ® >
">< H\O g d' \6 :/—\ﬁ( \6 . Y _ -"(E)H
o) .o —_— ). .
. \\—/O'. @ \\/ \\So: \\;TO: ‘0-
®

ketal

common name = Remove H,O shifts equilibrium to the

Adding H,O shifts equilibrium to the

right
left
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m ester base hydrolysis = saponification

o NS o Ny Ne O
( || ‘.é_H :-C|) /R '_O.. ( .Q R
R/ ~ - ‘o R—C—'_('_) _ |c|: }
tT H/ \H | \5 R/ \O/
: p\ O
: J
ester H
H A/_\ . .
. . ..© 0
fon O/: 58 ‘o N
| AN | <
® H || alcohol
c H o . resonance e
" o - RN ’ R o ®
boxylic acid 2. workup . Na
carboxy (neutralize carboxylate)
n ester synthesis from acyl substition at an acid chloride with an alcohol o
. 1
< -l A | o
C R
. —_ R—C—_.O/@ — |(1 . - . R/ \O/
( Lol H R &0 . ©
|> tCl: &
acid chloride H <~ o
o secondary amide synthesis from acyl substition at an acid chloride with a primary amine ..
‘o™
. . . e 2° amide
o . @ : O . . O .
< i <R [ ﬂ _n
c H N/ — R—C N/ H — c.® r o /
: g M HT | . © H
H 11
acid chloride ~ i H—Ccl
p synthesis of an acid chloride from an acid + thionyl chloride (SOCl,)
CNeY ©.0" oo
. Cl . Cl . Cl
.. o \ / resonance \ / \ /
(oK) O > / \CI "/'S'\Cl -'/S'\C|
|| [ e
R C\o/ " a” §\CI c H ® <|: H c|: H Base
T e

(0]
cl I o O/§\CI

Cl: '.O/S. S| A |

: o .~ “~Cl: - c

/") resonance I 10 ) ” IR
C <~ R—C=O0'=e>» R— (5 < | ) R 9
Xy ® . c &7 ®
it ® / \ . Y

acylium ion
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Problem - Identify the nucleophile (Lewis base) and the electrophile (Lewis acid) in each equation and show the products
of the following reactions. Add the curved arrows to show how each reaction proceeds.

©
a :IN=C: /\Br —_—

/\/..O:e /\/ I:: ——

H3C_I.\.IH2 H3C_ BI‘: _—

e
H— o@ H 3(:—:1:: - >
f
- O-. : Ei«
\/U\
.00
g

.-O:: o
07~
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h react with carbon II{
He.. HC @
?’ C—CH;
H H;C
1 react with proton
H
Hos |
| HC @
H /C_CH3
H;C
J
©
k
e o
HyC—N—H -
H
1 » .
o
Il
C —A—
©
m
O
: (l):
C H—O—CH;
H,¢~ SCH,
n » . L] )
C H—O—S—OH
H3C/ \CH3 - g o

Problem - Which of the structures below can be a Lewis acid (show an arrow pushing reaction with base B:), a Lewis

base (show a reaction with acid HA) or both an acid and a base (show both reactions)?

NH;
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1. Mechanism for free radical substitution of alkane sp® C-H bonds to form sp® C-Br bonds at weakest C-H position

overall reaction ‘Br:
IEIIZ : gr—gr : _»hv H—B
PN CH !
H;C CH; ne” e,
1. initiation (\ ﬂ
].S:I—iér 2» : i3r' Br : AH = 46 kcal/mole

weakest bond ruptures first

2a propagation
propag BE = +95 kcal/mole™

H\ /H /-\ . H\ . BE = -88 kcal/mole
C s\{ ‘Br: —» C. H—BRBr:

7K . PN * AH = +7 kcal/mole
H,C CHj; H;C CH; (overall) AH =-15
2b propagatlon q B.r. BE = +46 kecal/mole s both steps

\ N f\ ﬂ \/ . BE = -68 kcal/mole

r BI‘ B C *Br:
/ PN . AH = -22 kcal/mole
H;C \CH3 H,C CH; (overall) D,

3. termination = combination of two free radicals - relatively rare because free radicals are at low concentrations

\ /_\‘[\ H\ '/Br

/ —_ = C _
H;C \ H; H, PN . AH = -68 kcal/mole
I
A / _— H3C\ /CH AH = -80 kcal/mole
/ \ ~
H;C H; H3C/ cn, C|H CH;
CH; very minor product

2. Free radical addition mechanism of H-Br alkene pi bonds (alkenes can be made from E2 or E1 reactions at this
point in course) (anti-Markovnikov addition to alkenes)

overall reaction H HBr gz B
/C\ R,0; (cat.) u C/ \C/ f
H;C CH, hv 3 H,

hv R 02 AH = 40 keal/mole
- N o \R
(cat ) o
/\V [\ /} . BE = +88 kcal/mole
H-—Br: R\ /H “Br BE =-111 kcal/mole
e ragent DA AH =23 keal/mole
2a propagation q
H
c”~ Y\ . BE = +63 keal/mole
H C/ \ ‘Br: _— . o BE = -68 kcal/mole
3 CH, - O B
H;C %2 AH = -5 kcal/mole
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2b propagation

BE = +88 kcal/mole

. BE =-98 kcal/mole

AH = -10 kcal/mole

AH=-15

both steps
(2a + 2b)

63

P H-~—Br: —> HC/C\C/BT' '1:3:r
H3C C b 3 H
H, 2
.. .QOQ‘
O:
d |
2 \ C
C PN
\'/,// H H
CH,
H3C\ /B‘r‘
C
H,
®
Na
©
® N=—C:
Li
/\/CHZ (‘B
e L1
\ III
S)
| Ce H—Al—H
@
L1 H
/ O\ .
Na H
E
H—]|3—H
H
____ ©
H—C=c:
®
Na
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