Rxn of A&K with 1° amine

Ch 16 #31

O addition-elimination, not addition

= how-to-react 2 — when N: or O: Nu: sl#9

O rxn w/ 1° amine = imine

R trace R
X acid e
/C =0 + CH3CH2NH2 ~— /C :NCH2CH3 & HQO
H H
an aldehyde a primary amine an imine
R trace R
\ acid N\
/C =0 == CHQNHQ —_— /CZNCHZ o Hzo
R R
a ketone a primary amine an imine

= acid necessary
o trace [catalytic amount]? should be controlled. see sl#34




Ch 16 #32

O imine ~ R;R,C=N-R,
= when R; # H —~ Schiff base

‘a9
S

O rxn with amine deriv 2 imine derlv

R trace R

\ acid N

/C=O + H,NOH /C=NOH + H,0
R hydroxylamine R an oxime

R\ trace R\

£=0 + HiNNH, —aad C—NNH, + H,0
R R

hydrazine a hydrazone




Ch 16 #33

: carbinolamine = amine and
- mechanlsm OH at the same C

/HT} H—U(T

——————————————————————————

' H,O weaker B:
' than RNH, >
. forward favored |

‘ e O‘NR — OZ <:>< e |
oy eampound) ¢ NHR : stronger B: !

rogeens of the reacion” HB* + H,0 H_ . than :OH
an imine a protonated imine TI I i - reverse
' favored

____________________

o TI's similar to ester or amide hydrolysiss—~ not stable
o AH < 0 ~ forward favored ~ removal of H,O to push forward




Ch 16 #34

0 add’n-elim’n, not addition €< interm unstable

H H A comp’d having sp3 C
+ ¥
(|)H (|)H (|)H C|)H bonded to two EN atoms
R—C—R R—0—R R—C—R R—C—R | js unstable.
I|{ (|:H3 :llIHCH3 :gl)_CH3 N: O: gives e to eliminate
stable tetrahedral compounds unstable tetrahedral compounds protonated H,0.
O pH control
1.5
® =
pKa of H3N-OH = 6.0 k=
£ 1.0
= max rate at pH of 4.5 E:
-
0.5
o at pH < 4.5 ~ low con’n of -NH, (= -NH;")

o at pH > 4.5 ~ low conc’n of *OH, (T1 I11)

= for RNH,, pH control at? Problem 27— P
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O Backward hydrolysis of imine is irreversible.

R R

\ HCI \ .
/CZNCHQCH3 T Hzo — /C=O oy CH3CH2NH3
R R

O imine formation

= unstable TI = N: gives e to eliminate OH,
- N*HR [an acid] formed
- loses H* to be neutralized

> Imines have stereoisomers. R\ X R

> Problem 31 — =

Y

R
7
®




Rxn with 2° amine

Ch 16 #36

O to produce enamine

N acid s
(0] + NH —_— N
R’ R + H,0
a secondary amine an enamine

= enamine ~ amine with = ~ o,p-unsat’d 3°

Y
O+ xcn = Ofir — O

N "
t/
i R

/LB

N-protonated

_HZO > N* carbinolamine
To be neutralized,

B: takes H from o-C*

instead of from N R R

v g (+/
* o.-C of carbonyl N =— 5 N
R

* B-C of 3° amine

an enamine H
HB*

amine
H—l\g*
R TI 11

neutral tetrahedral
intermediate
a carbinolamine

O-protonated

carbinolamine

<:>< elimination
K] N—R of water




Rxn with NH, - reductive amination ., ,, ...,

O imine (reduced) to amine (w/ reducing agent)

R\ trace R\ R\
id H
C=0 + NH; — C=NH| —2>  CHNH,
R/ excess R/ R/ n bond energy
L | C=0 ~ 380
unstable (& less subst'd) C=N ~ 320 kJ/mol

= C=O0 also reduced? not with Pd (only with Ni) sl#27
= 1° amine with xs ammonia; why xs? multiple ... Problem 34

= 2° and 3° amine with 1° and 2° amine, respectively

trace

<:>=o + R—NH, =244 <:>=N—R ~NaBH:LN QNH—R

an imine a secondary amine
R trace R R
\ i / NaBH3CN /
<:>=o + /NH lacid N\ _NaBH3CN | N\
R R R
an enamine a tertiary amine

= NaBH,;C=N ~ stable and easy to handle (even with H*)




Rxn of A&K with water o 16 e

O O Nu: hydrate [7x{t#7]
In a narrow sense

O forming hydrate* [gem-diol = geminal diol]  ininorg chem?

0 OH
(”: + O == g clz R (H)
, C—
R~ R (H) : I
: \ OH
an aldehyde or ', “.  agem-diol
a ketone i . ahydrate -
1 \\ o +:
! \ ) I I
poorer Nu: than N: ~ need (acid) catalyst  cuC~u cHy H
O mechanism
{T'I}ﬂ Htff.?H +{|:|}H (I}H OH
&g H = “"’C“”*H + H,0: == R—l'IZ—H _ R—?—H
~:OH OH
S
H :OH H,0*
L/ H ’

» ~OH-catalized? yes. Problem 36 lose H* from O* to be neutral
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O reactivity and stability (of reactant and product)

0 g i
C + H,O0 = CH;—C—CH 2 x 1073
CHY SCH, O ’
OH
acetone o R
99.8% Sy “Generally speaking,
<”3 (l)H a comp’d having sp3 C
- /C\H + H,O0 — CH3—(|:—H 1.4 bonded to two EN
2 OH atoms is unstable”.
taldehyd
ace 32;’ yde 58% p730 and p781
0 i
¢ + HLO = H—C—H 23 x 10°
H- H 2 |
f Idehyd O
ormaldehyde o,
0.1% 99.9%
= why? ? D 7
CH3/C\CH3 " o T as reactant
stable
OH OH OH

east oy b oy < cmydon < H—C—n as product
stable 3 | . . | | P
OH OH OH



Rxn with ROH Ch 16 540

O to hemiacetal to acetal [~ hemiketal to ketal] R,C(OR’),

(") OH OCH;

C CH,OH —‘ﬂ R (lj H(R) M R (lj H(R) H-O
+ —C— —— +
ek 3 )
R H(R) | |
OCH; OCH;
an aldehyde or a hemiacetal an acetal
a ketone
. .~—~H—B" y .. P
'(l?‘ (s Q(E)H :(lj;H :0H HUP'J'
:OCH :OCH
Ll 3 3
H a hemiacetal
A_-B H
H—B* IlihlB
v H
:OCH é;OCH_; OH
CH [ LR &
R—C—R S R—C—R — C — R—C—R

|
:QCH, :OCH, Cen, Goc,
/n acetal + HEO\

- unstable but more stable than Q*_.. """ _ : :
——————— O* neutralized by adding another OR
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O Acetal can be hydrolyzed back to aldehyde or ketone.

= In the presence of acid

OCH,4
HCl |
R—C—R + H,0 == _C.___ + 2CH;OH
| excess R R
OCH,
m reversible

o for N Nu:, it was not reversible ~ RN*H,




Comparison of mechanisms for 16 1

O addition of C or H Nu:
= RMgX, acetylide, cyanide
= hydride
o formation of imine, enamine, hydrate, and acetal

= Nor ONu: addsto C
= water leaves - forming N* or O*

= neutralized by
o losing proton from N*
o losing proton from «-C
o losing proton from O*
o losing proton from 2nd-added ROH




Protecting groups o1 16 245

o what for?
0 (”) 0
é/COCHB ] é/CHon
—

= reducing ester without reducing (more reactive) keto group
= Chemoselection cannot afford. < reactivity, mechanism

O protection-reaction-deprotection

mechanisms?
addition-reduction-hydrolysis

O acetal Srotecing _
group Look up the internet.
0 /—\ 0 )\
e N O. O | 0. 0 O
COCH;,4 . COCH; CH,O~ CH,OH
o HO/\/O HCl LiAlH, HCl, H,0
- HO/\/OH

(Cyclic) acetal is a good protecting group.
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- protecting
O protecting OH Sp2 on 3°? _ ci Lo ci
OH CH; N OSiC(CH;), OSiC(CHy);
" H | 1 imidazole | Mg |
G 3)3C_S|1_\§ CH;  ,— Et0 CH;
CH HN N
Br ’ Br + Cl_\/ MgBr
tert-butyldimethylsilyl chloride tert-butyldimethylsilyl ether
a TBDMS ether l .
H,C=0
the alcohol is
o why? RMgX with OH TS CHa
OH OSiC(CHj);
(CH3CH;CH,CH,)4N'F~ |
CH, CH,
|
(CH3)3C?iF CH,OH CH,0~ MgBr
CH;4
o protecting OH of RCOOH
0] O O
HO HCl HO SOCh, (]
MOH “CHCH,OH MO/\ —s \/\)I\O/\
excess dd
[e=n addnnot
to C=07?
O 0] N O
X
C
e U PN N

H,O
A




Addition of S Nu:

Ch 16 #45

O to thioacetal (”> . ?CHB,
/C\ + 2CH;SH — R—C—R + H,0O
R R methanethiol |
SCHj;
a thioacetal

0 )

S S
HCI
ij + HHT > SH — + H,0
1,3-propanedithiol

a thioacetal

ij Raney Ni ij

O The sequence enables C=0 to CH..

O thioacetal desulfurized



Rxn of A&K with peroxyacid o 16 a6

O Baeyer-Villiger oxidation
= extra O of peroxyacid inserted betw C(=0) and R [H]

0 0 i 0
PN \L_ | /C\\L + C peroxyacid
R H  CFs 00 R” “OH CF3 O addition to =
an aldehyde a carboxylic acid > epoxide
0 5 0 0 §6.10 p293
/C\ + /C\ ‘L / \‘L ® /C\
R R CF; 00 R OR CF3 O
a ketone an ester

O which R? or both? see mechanism.
O
Il

0
Cu L
e = e« et

cyclohexyl methyl methyl cyclohexyl
ketone cyclohexanecarboxylate acetate

cr3coo—



Ch 16 #47

O mechanism

O: 0 :0" 0 0
] [ .. D [ |
R/C\R’ + CF3COQ- — R[Cf_(_l: E— RO/C\R’ + CF3CO
O-—0CCF;
|
(aweakO—O boﬁ O
unstable

intermediate
= addition of (extra) O:, then
just like 1,2-shift

= breakage of O—0 and migration of R, ¢+ rearrangement
» tendency of shift

‘most likely! . _(least likely |
tomi gratgj"":' H > tert-alkyl > sec-alkyl ~ phenyl > primary alkyl > methyl o migrat:ﬁ
> Problem 47

> b. aldehyde always to RCOOH




Wittig rxn

O synthesis of C=C from C=0 using ylide
= ylide

Ch 16 #48

The Nobel Prize in
Chemistry 1979

o comp’d with opposite charges on
covalent-bonded adjacent atoms of ,
Complete OCtetS Herbert C. Brown Georg Wittig

+ + Q+ .= + .
o usually betw P*, N*, S* and C: (CeHo)P—CHR < (CgHs)sP—CHR
o resonance to ‘ylene’ it bb

= Wittig rxn ~ interchange of =0 and =C

R\ CH; R\ /CH3
/C= 0O + (C6H5)3P=C\ — 2 /C=C\ +  (CeHs);P=0
triphenylphosphine
R H = H oxide

a phosphonium
ylide

groups are
interchanged

\

RE

i . ’ R2 = R?

olefin metathesis R N

§11.5 j - =
= RZ R1/—




Ch 16 #49

O mechanism ~ [2+2] cycloaddition

|| /,—* P(CeHs); (‘) }_rll’(Cf.Hs)a O=P(CgHs);
R SR | -
\ \)/ 'l R \
VN C—CHCH;
\‘ / \‘ | R/
E+ Nu:
ylide is a C Nu:.
Diels-Alder rxn — p Q A
[4+2] cycloaddition ( o — O:
§8.14 N ] 5

OM ~ D M
[2+2] cycloaddition M=¢H—{ > M dn
§11.5 N )‘/_/' —x T

R I
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O Wittig rxn is the best way for terminal alkene (w/ Ph,P=CH,).

<:>:O + (C6H5)3P=CH2 4 <:>:CH2 = (C6H5)3P=O

= other methods? minor product.

CH -
<:><Br3 - QCHg % <:>=CH2 E2, Zaitsev

minor

Oranme 2 Oranon = Oran 2225,

minor

O not stereoselective In internal alkene

D= T
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O preferred route? < preferred ylide synthesis

CH;CH, /CH2CH3
C=0 + (C6H5)3P=C

CH,CH, CH,CH; _~ CHyCH{ H
\C=C/ preferred reagents

/
CH3CH; H S CH,CH, CHACH
3-ethyl-3-hexene C=0 + (Cg¢Hs);P=C
' CH,CH,

= ylide from S, 2 of RX, followed by — H* by BulLli

h L SN2 + + .
(C6H5)3P- + CH3CH2_BI' — (C6H5)3P_CH2CH3 (C6H5)3P_CHCH3

triphenylphosphine Br a phosphonium ylide

- 4
CH3CH,CH,CH, Li




In retrosynthetic analysis... ch 18 252

(retrosynthetic analysis)

target molecule — Y — X — W =—= starting materials

O disconnection, synthon, synthetic equivalent

HO H ]—] 5ynthons \
@ disconnection

O
g2 H 1. NaBH; _
2. H;0"

= synthon ~ (idealized) fragment
= synthetic equivalent ~ source of synthon (actually used)

O disconnection legitimate?

OH Br OH
2
O=~O+Ho- va—»@@




Addition to a,B-unsat’'d A&K 1o

O two e-philic C’s

) e 31 5
- |

C C
RCH=/CEZ R o RgH—CH/ R

B o
an “'B'unsaturateﬁelectrophiIic site)
carbonyl compound

Celectrophilic site

O direct and conjugate addition of Nu:

cl)H
RCH=CH—C—R’ o
(I? 1~|J kinetic vs
u .
C 7 direct addition OF 1,2-addition thermodynamic

control

o)
\ |
PACN See §8.13

RCHCH, R’ 12-vs 1.4

Nu addition to
conjugate addition or 1 4-addition 1,3-diene

A"
RCH=CH R” + NuH
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O direct - kinetic and conjugate - thermodynamic

@irect additiorD

'b"l isolated charge
T :07 OH
_ _C_ | H,0 | L
Y:@}\R — RCH=CH—C—R —— RCH=CH—C—R  Kkinetic
3|( / 3|( product
more charge _ _
concentration @lrect addition product)
(conjugate addition) ] C=0 more
O o OH  stable
(”: (|: (|: than C=C
- 4 H,O =
Yi  RCHZCHT ™R — RCH—CHZ ™R M2 reH—cH? g
\_/4'\ 3 | I
Y Y
smaller 5+ resonance-stabilized enol tautomer
charge Jr tautomerization)

I
G thermo-

B2 o -
7 . conjugate RCH—CH, R dynamic
H o @ H addition product \lf roduct
_Nu Nu - p

keto tautomer
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Smaller energy
barrier__

| Stronger
‘}:Nu@ attraction
Better stabilized - 0 Greater Q-
negative charge total bond
energy

O Kinetic vs thermo control depends on
= nucleophilicity of Nu:, = reactivity of carbonyl,
= steric effect, and = hardness of Nu:.

Free energy — >
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O nucleophilicity of Nu:

m weak Nu:
o like N, O, X, S, and C=N
o direct add’'n reversible = thermo control

RCH=

gl

OH
direct addition | .
is reversible RCH=CH—C—R’ hlgher E
T y I unstable
uc
A 7" irectaddition 9000 L
CH R” + NucH o
|
weakly basic \ /C\ ,
nucleophile R(]:HCHZ R

Nuc
conjugate addition

O 0
[
ﬁ /C\
CH,=CH CH;
C=N

"C=N
excess

+ HBr —

Nucleophiles That = Mucleophiles That
Add Reversibly Add Irreversibly
HO®, RO® R— MgBr (R©)
H.NE, RNE R—Li (R9)
CsHs
\@ .0
2 RO O P—C
cl©, Bre 1 HiC 7 Rz
CHHE
]
LiAIH, (H
N Hq (HO)
N=c" NaBH, (H®)
I
’_,,."c \-.,,H{g_‘,.-"' - C = CR
O
|
PN
BI'CH2CH2 CH3

Markovnikov?
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O nucleophilicity of Nu (cont’d)

m strong Nu:
o like C and H Nu:
o both irreversible = kinetic control

OH

direct addition |
is irreversible RCH=CH—CII—R’

| Nu Nu: does not leave.
_C direct addition
RCH=CH R’ + NuH

O

N ("3
strongly basic TN,
nucleophile R(I:HCH2 R

Nu
conjugate addition

0]

N~ H  1.NaBH, N"on
2.EtOH
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O reactivity of C=0 comp’d

O
NSO 1 1. NaBH,
2.EtOH

97 %

e O s

51% 49%

o (Carbonyl C of) ketone is less reactive.
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O steric effect

0 o
CH—CH H ; (:S:' = SRg e
2_ -

O
I 1. CgHsMgBr [

CH,=CH \O 2. EtOH CH,CH;3 \O

O hardness of Nu:
= hard Nu: — small with more charge [polarized]

0 HO CH,

1. CH3;MgBr _
2. EtOH Is R of Gilman

EN(Mg) = 1.2 reagent a Nu:?

7 7 EN(Cu) = 1.8 maybe yes and
@ 1. (CH3),CulLi d maybe no
2. EtOH
CH

3




Addition to ao,B-unsat’'d RCOQOH deriv ., ...

O either nu-philic add’'n-elimin’n or conjugate add’'n
O (reactive) RCOX (and AA) — add’n-elimin’n
= no direct add’'n < good leaving group

o
I

(ﬁ
e &
~ T

O (less reactive) others — conj add’'n

O 0O
I I
C

C
~ ~
O’ NHCH; oy on C[ NHCH,
0

OCH,

O
I |
C

{

+ E— C

OCH,CH
H 2H3
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O anticancer drug

H,C "HO

O
vernolepin helenalin
active | DNA po|ymera5e inactive
enzyme OF cancer cell enzyme
// HS/ // S/
CH, conjugate addition . C/H2
0 0

0O O
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