Synthesis of Aldehydes And Ketones
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Benzene Reactions (Part 2)
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iCCl + R-C=C-R > RHC—CHR |need the Amine.

not soluablein Chlor ofor m. And we

=
phde g s o +NaOH=—= R%N'OH"

) R-N-R"
RX + NHz > (1%) RNH, + (HXP™ NH,Xy__R"

lon Pair

RNH, +R¥¢3= (2°) R,NH +HX
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ee T R-N=C=0
R N

same

o @
H;CHC—N=N

o
e |
R— OH

o
HZ
R—C

“Ho

OR'

Y

O

R—C—CH
N

\Q)

R—
H

Carbene

{

CfoO

Q
HLC—N=N
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Sandmeyer Reaction
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Thisagood way of
synthesisthat we can
remove the Diazonium
group when wewant
NOZ NHCOCH, NHCOCH;
)[H] HNQ3
F@I3 ) HQSOA
Cl “Hy CC o~ CCHg
Thisisan ®<ampleth we can use Sandmeyer Reacl @ in NO,

order toinsert 2 Halogene groupsin desired positions. 1) [H]
In this case we put them in Ortho and without 2) HONO
this method they would have been Para 3) Cul
®N=N X NHCOCH;
H PO? <o H o
Cl
|
Bl—wmm 1) Gomberg - Bachman
ONENCI ©
VA
@ — =
R// NaOH R

Ulmann|Electrone Drawing groups
(likeNOy) or Simetric
malerialshdp this Reaction

e
X=Br,cl,I

E N @ _Me <:>7N: @} N\
. \ /Me
S Lo

TheAzo oompoundsareoolorful and
absorb UV light in wavelengths close
tothe Seen Light

Coupling Reactions

Haloaromatic | Comgounds

o NaOH NaOH OCH,
H,0 NO,
Ho e CHyON 2
370 <100 C CHgO
high pres;ure
NO,

NO; and CN are Electrone Withdrawing
groupsthat can help thereaction go.

M echanism for the coupling reaction from the previous page

X X
®
H Hoene® oH 9 0 HOAy H o
(Asabase) -
H

Mechanism for the synthesis from the previous page

—OH -ocH mY o
. @ H A
5 : —~ O}

Polycycyclic Aromatic Hydr ocarbons

”%]C¥O><DCDO

H
W H H H H
+ NH. Benzyne
3 87 NHZ
cl

ﬂng oH Thisreaction (wasshown on the

— previous page) also goesthrough the

370°C ; '

; benzyneinter mediate

high pressure

)0~ [0-0
Biphenylene ‘O

triphenylene

*?ﬂ;

5

NH, C5H11ONO @
COOH ;A

Ortho boom boom

Belzynel (

cl
220°

NO, We get this product
@ |nspiteoflheslericeffecl.
Theringsare, in avarage
COOH 0
COOH HOOC at 90" Onetotheother
NO, o.
CO,H HO,C
Phenols

OH
In oppositeto theregular Keto-Enol_
—— Tautomerization, ThisEnol isthemore stable form

dueto the aromatic stabilization

Enol K etone

+H,0 L H,0 Biphenyl p-Terphenyl
1) o
H* OH, i/v( TheNaphtalenehasa
Ho > uBO ~ Ho— @ )\OAO o similar gructureasthe
o-quinone's structure
@ Hemlkaale 0 Naphthalene o-quinone d
! CCO o000 A
\ coo 0
Anthracene Naphthacene O OO
Phenanthrene Pyrene
Reactions B .
o ] OH Kolbe Reaction O‘ Asweenlargethe system, the number of the
Br, Br: Br Br: Br “ _ Hydrogen atomsis getting smaller, compared
—> —— i ~ to the number of the carbon atoms
L
co, Br Br Br Coronene
~80°
Pressure o Themoreweadd rings, we'll get a spiral
OJ(‘:CH structure and themoleculewill be Chiral. This
OH €] cooH ‘ ‘ ¢ systems are called Helicenes. Their optical
@/COZ Acetic Anhydrid COOH activity is different than the usual
o nthes's of PoI dchromatch drocarbons
Salicylic Add Acetylsalicylic acid i - =
( Aspirin) O A|C|3 ®/j NH, NHZP\O/j HF P\/\/\
~240°
o Kineticly we get the Ortho product
Praz;ure ('shown above) but Themodynamicly we

COOH get the Para product and if we heat the

reaction to 2400, we'll get the Para Product

Ramer - Thiemann

O

Mechanism

NaOH

Sall laldehyde
+CHCly—> yleioeny

\
AN

CHCl; + OH™ === CCl3 +H,0

calP === CI"+:cci2

[H]
PPA = Polyphosphoric acid Pd/C
mﬁfi SQF A@j

0O o000

NaOH

e
NHR
NO.
© ®RNH, ©N02
—
NO,

2
M echanism For Coupling Reactions

Phenols Synthesis
370°
High pressure

1) d o Na’
°
Longtime

2)© H,S0, @3 NaOH @

Carbene \
o) o
cl cl _
Y/ 5% _ . 0 o
‘C\CI C\ /
cl CH__
cl
=
CH,OH CH,0H
CH,OH CHy OH
Q@ CH,OH
Poymer «-— -— <—
CHy cH,0oH

Elect roplhc Substitution In the Ortho

position thereis|
Br2
Q O =2

asteric effect
Br | because of the
hydrogenes

99

h- Thermodynamlcly)
" \Favorable

H_E H_E H_E H_E
@ & @ N
- - |- - |
N 7
® @

Thereare 2 Resonance formsthat have one benzenering

+
O~ 00

anthracene

Favorabl

¢E’ 1- Kmalcly
e

Reactions

IO NN HsO,
H,0
—_—
4) O—OH
H
+ HaC™ t CHZ—P H2504 .9
HBC/C\CH

cumene

‘TheMachanism will beshown in the next page I

OH o o
Q-0 |02
=
) I 0]
p-benzoquinone

1]

OH
OH

m

@ H H H H
SOLNG @ HOO IO NG gL

Thereisonly 1resonanace form with one benzenering

SO H
Su\funal\ons ¢
5
\«%
e\";’\\\o“ b _SOsH
ey

/2 Q ( Q Diels-Alder
C0— 05 0
o) o) o)

2) FriedleCrafts

S N ST

s

AlCI,
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Guidancein Naphtalene

Y

OH -0
Ao (ol Pb(CH4CO0),
H E—
“veon o
Me

HI10, is specific to 1,2 Diols and
doesn't oxidate other groups

Thisisagood

way for
Cyclization

1) Meaauidinggroup : SO;H
a position on the other ring Diacids o) o o
U I | H] Dieckmann Reaction
(‘?OOH C-OEt . o COEt C-OFEt -5 CNe
A B o} o EtO N& 0y [o}
CH, H, —»  HC <> H I I =208 I T
2) OrthoParaqudinaarou o '\? o EtO—C—CH,CH,CH,CH; C-OEt Fion E‘O*C*CHZCHZCHZé}—FC*OE‘
C-OEt —OEt "
il 1 Position; ) ~ Malonic Acid T IT ?OE‘ We can Synthesis 5or 6 carbons
Paraisfavorablebecauseit's a O o o o rings.For larger rings we need low
+ Diethyl Malonate concentrationsto prevent Dimerization
Primary pKa~10
3) o H o Et E‘O 5‘6\
Ortho,Para quiding aroup + oRr L om (1° R is better) Q EtOOC <—E0-C E‘rcﬁ Et00C
= - co
OO H@/ RX COBt pom| 1 RH,C—C—OH . —
———>» RC — ?H o A;CYK)O&W Cydization (Here wedon't need low concentrations) | CH,
; ; C-OEt COOH 2 G ONa i
OEt . - 7
Difunctional Compounds Examgles ' Decar boxylation COR A /X H,0 c=0 i cn,
12-Diols o Hd, —=» CHy), | = CH [
‘Thisisaja:ificfor b Diacids Only | Xylene - OH
OH WOH R I3) o C-OEt 1 0,p,m Xylene
N 1 i I ONa Acyloi i
L pC c\ o " bt oloin |
'OH
R Hj HH — » & I —= Ron,coon M echanism o 99 Na'
mhes's Mg ‘OH ‘OH C\ (’ HO/C\OH Theoverall processisaway to add 2 ? ‘c‘—oa C-OFEt
2 R7C:o . R/\Cfc c=o0 carbons to the chain - CC’OE‘ FNa —> C *Nﬁ*ﬂc — — Acyloin
R R g oH RX —» RCH,COOH cor C-OEt ¢-OEt
[¢) 0.
HzO oH g o
0 OH JCOBt neorr O /COF Rx RN COOEL Hom R Hydroxyacids
‘ ., ——OH RC —R" — CH*COOH “on
| Ion ot cOEt R” “coort TN . RHC—CH,COOH RHC~CH,CH,COOH RHE—CH,CH,CH,COOH
o ———OH 6’0 o RHC—COOH OH OH ) OH
O/oéb Z OH 1) NaOEt o 5 a- b- o hydroxyadid d hydroxyadd
’ (I inacol . OEt 2CICH,CH,CH,Br COEt N2OEt ©,Coet | RHECHCH,COOH H RHC—CH,CH,CH,COOH _,
P HZC\ > CHCHCH,CCH  ———> CH;CHLCH,C— Othd y o| oH o
COEt ¢ OEt ¢ hydroxyad o i
o O OH OH gOE‘ IS 5 oL actone d hydroxyacid & Lactone
‘ +080, —» ' N2, SOy R\‘C (‘:/ R
o R % dg b a R oH
H,0, H,0M" COOEt | RHE—CH,CH,CH,COOH
- COOH =~ — OH
We can see that with OsO 4 and KMnO, we A COOEt )
get the CisProduct. Thishappensduethe o hydroxyacid Cydic " Hemiacetal”
formation of thering.
CH,
H,C——OH H Knnovenagel —geadlon ‘ Synthesis of Conjugated Carboxylic Acids I Ammg—ACIdE : PEDtIdeEE, Proteins @ H 0
G A
HyC——OH ® . LS L goa HLOH" ‘C‘> H N-Cli—COOH | HyN-Cl—cooH HN—C—C
_ : H S _—
CH, . RC-H 2 comt _H RHCZC( N > RHC=C—C—OH a-Amino acids Zuitterion _ ©
pinacol M\Maﬂan ement o ¢ OEt @ H, ,y'o H, ,y’o pKa=938
o 0 HZN—cfc\Q S HZN—C—C\E? g
CH, o
CHjy CHs o Con D H @ H L pKa=2.35
® e —— —c—C— H,N— =H, Nfcf @ i
Hy OH, -H,0 ch(® _:30 CHS t b= CH, RHC=C—C—OH ;N—C— C\OH 3 C\
H,C——OH H,C——OH @[7OH == g8 CHj gOH - . _
CH3 pinacolone RH‘C*COOH coc@ cod @(OH THEHCOOH ‘ Gives Purple |
B NH. 2 colol
? o O Rero COOE! 2 HZN’E‘H HoN——H
—_— — R R
OH H* @ 0 ® ZC\O?N RHC LS rmhydrm @::}7 4” RCHO
OH, — OH c= ’ O,
Ethylcyancacetate 2
o (Lo Michad Addit -
Michadl Addition Synthesis RHC-COOH Doublesubsmunonb
+ o gOE o 1.4-addition 1)RHC-COOH — “» RHEC-COOH + NH theNH
- Ot
+HY L Br NH, RHC-COOH
Bicydlic compounds having one C-OEt 2 o Q Q o] Q
carbon common to both ringsare w P < o 5 _COOEt LCOEt ~ /CoOE N K _C-OEt
Spiro compounds a,b-unsatur ated H HZC\ "2 B Ci . N’Ct‘
— Ketone COOEt G OEt gos o GOEt
¥ o o =
o
_ Spiro[5.6]dodecane HOH . g HO In order to Synthesis all kinds of Amino RX
Oxidation o o HO HO R o o Acids, &l we need istouseanother RX
OH OH sy 2 T ST T HIO, 2\ - o 'ro
I Ve RC-H |RC—C—R C=0 H.0 z
R-CH-CH—R Aldeyde| | ke R 2 | CoEt
R R one HoN-CH—COOH ™ N Nom
HaC~ .
¢-o g
Another Reagent is L ead tetracetate ETONa © HC~ C C CH3 CH ETONa@ ©
g TEon &M Eon 9 ©  +NHy+HON __ RHC-CN H;OMH" RHC-COOH %tr_aMea_m@
2 RC-H - —

NH, NH,
- [} —
R:E—ng‘w RC o RHG-COOH MFDH RH(;NHCOOMe
Amide g -y NH, 2 Esdrification

£ ot +RNH, — >
RC-OH 2 RC-NH
¢5c>c|2

With Amino Adids

i

H H
,N—C~COOH o, HN—C-cocl
R

Boc On

Q RNH Q
Ec—% RC-NHR' Polymer
Protection for Amino Acids
Protection For TheAmino side
1) Cbz Amino R ﬁ Hz/Pd
CH,OH H,C oc Cl Acid <}CHchs|+COH—> +co2
H*
© 4>© Carbobenzoxy- .
Cbz- R
H,N-CH—COOH
2) Boc
Moio% CFZCOZH COzH
H;N—C-COOH crcw\rg COOH™—— >

Or HCI

Amlm
Acid

A

Protection For The Carboxylic side

For the protection wecreate the Ester (MeEt or Ph) with the Carboxylic
Acid and when we want to removeit there are 2 options:

1) "
H,N—C-
R

OH" H
COOMe ——» H;N—C-COOH  +MeOH
R

We can use thismethod

toremove Et Ester and
we'll get EtOH

2 OBn-

©/\OH ﬁ

Ha/Pd Hszc“COOH

H, N*C COOH —> HZNf(‘fC OCH,Ph——»

R SOH R

The OBn Protection doesn't fall in
Hydrolysis , which could be very useful

]

+CO,

U N“&NO

DCC- A catlyst for the condensation of 2
Amino Acidsinto a Peptide

dicycdohexylcarbodiimide

2R oo i bee
QCHZOGNC»—FCOOH HZV\F?COOCHZQ

Good for Dipeptides ONL Y R

R
9 R
H,N—CHC—NHCHCOOH — H' Chz*NHCHC*NHCHCOOCHz@

Merrifield HC-CH, i n

H HaH
—Cc—C ZnCIz
é é CHZO Q -— CICH

HC-CH,

ENE)
H,N- g‘,‘ COO Na +CICH2. > HZV\FC COO-CH,.

R
Filtration H* BocNHCHCOOH Filtration
- - -———

Washing DCC Washing

Dce

RQ n

G R\
- H) NCHCNHCHC<— Boc NHCHCNHCHC

: 5;3

Boc NHCHCOOH

(Payg.

H
l 2)HF In order to add more A.Acids we need to
Peptide add another A. Acid with Boc.It's Important
to wash and Filter after every time.
Sanger Method No, RQ RQ RO H,0 A
R RO RO HNCHC-HNCHC-HNCHC---- H* Or
| | 1 | T NO, -
HNCHC-HNCHC HNCHC---- — NO, OH
NO,
I
Sanger Method can determine what [
kind of A.Acid isin the N-Terminal HNCH’\‘%)H HoNCHC-~
part of the Peptide 2+ RQ
o HNCH®H
2
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Edman M ethod Phenylisothiocyonate

f8 F% T9 Nes
H,NCHC-HNCHC-HNCHC----

Wi RE TE T
N—CHHNCHC-HNCHC-HNCHC- -

n(Amino Add)—> n-1(AminoAcid) H*
We can repeat it many times and R N
determine the Sequence of the ? 3 ?
Amino Adidsin the Peptide N NH * HNCHEHNGHE:

Thlodamom
Carbohydrates- Cn(H,0 )n OH or)
1) Monosacharides i HO. )" o HO. ¥
2)Oligosacharides- 2-7 monomers | OH
3)Polysacharides -7+ monomer s ! H o)
Aldose Ketose
1CHO 1CHO 1CHO CHO

H—2—O0H HO H
HO—3—H H——OH
H

OH HO H
D(+) Glyoereldehyde L(-) Glyceraldehyde

H—S"—0OH HO——H
Wedetermine L or D by the Chiral
Carbon with the highest number - 1f its |  95H2OH L é”zOH
on the Right -D , and if it's on the Left -L. -Glucose
Fischer - Kiliani nth 1COOH 1COOH

1CHO 1C
HCN/OH " OH HO
H—2—0H —> H OH HO H H30 b 3l
s—oH H 5
4

Hawarth Prajections Carbon No. 1isNamed The Anomeric Car bon

o
a . a-Pyranose 4 1 a- Furanose
=i OH g 7 OH 0
| W
OH
ran, O Furane
S OH Py 4
1 b- Pyranose - b- Furanose
H
3 2

1
HO—C—H
Modification OH OH
—_—
H H N oH
H Ol OH
HOH,C
6

All the groups Right of the
middleare Below thering and
the Left onesareabove thering

/4

Abovethering Below the Ring
Reactions %
Oxidation C\OzH*“Oxidat&sthe COH —=-
GHo }/V(:?HOH AldehydeOnly | cHOH  Oxidates Both Aldehyde
CHOH ! i and 1° Alcohol
! HO  GHOH CHOH
| CH,OH COH ==

"CHO :
1) H%OH H Mlxtureof Dlasreoma'&s -1000
=y 1CHO 1CHO
CHO Separanon H OH HO H Na(Hg
2 Ho*H
H--OH
OH Mlxtureof Lamon&s
1CHO 1CO,H
1) w2lon HNO;  WZ—oH
H—-0H H—0OH ; 0
oH CoH HNO3 oxidatesonly 1™-Alcoholsand
Erythrose Meso-tartaric Acid | Aldehydes to Carboxylic Acids.
[alo=0 This helps the separation process,
1CHO 1COZ” because herewe get aChiral
% H HNO3 HO i oH product and an a-Chiral product.
4CO,H
Threose [alp X0
Identifying Glucose and Manose
CHO COZH CHZOH CHO
H OH H H
0
HO——H HNO3 HNO, HO Hi H
H OH OH -— OH
H OH H H
CH,OH COZH CH,0H
D-Glucose L-Gulose

If wehaveL -Gulosewe can oxidate it and then if we oxidate Glucose and
M annose -Only Glucosewill givethe sameproduct asthe L-Gulose

If we Crystalize Glucose from an H,O solution we'll get 2 Different materials:
1)[a]D = 112° . Equlibration Time_> [a]D =52

2)[a]D = 19° >» [a]D =52°

Appearantly these 2 materialsare shifting from one form to theother until they
reach Equlibrium and we get the 52°. This lead to the conclusion that glucoseis
mostly in aCyclic Form:

H Hic-oH
o OH OH We get amixture of
HO H HO these 2 Diastreomeres
9 OH

CHZOH

CHZOH CHZOH

QHOH
CH,0H
‘CHO ‘CHZOH Reduction
CHOH NaBH, CHOH  These Reagants reduce the Al dehyde to Alcohol.
H a1
! m | 1f we use HNOz or Ho/Pd or NaBH 4 on Allo:
! :CHOH or Galactose we would get Meso form and
GHOH ¢ lose Chirality
CH,OH CH,OH
¢Ho FNH2 o—nnn—()
CHOH
i CHOH
i > 0 Phenylhydrazone
' |
CHOH i
éHZOH E:O;H Thisreaction occurs only on carbons 1
2 & 2t helpsustoidentify the
NHNH, Carbohydratesthat have a difference
HC NNH‘@ only in carbon No. 2, because they'll
— ive the same Osazone
e c NNH— ) | 9
i
; Osazone
QHOH
CH,OH
Ruff Reaction
CHO ‘COOH ‘COO
CaC 2
GHOH B2 oy Q| crom | ca HOp
H 2 Fe
CHOH 2
CH,0H
aldehydeend
OH
MeOH OH ThéeKeaJs
Glucose—+> Ho Ho don't change
H H H vl OMe between the a,
OH OH b Mutar otations
a-glycosde OMe b-glycoside and ther efore
we can seper ate
them
OH
H% OH
H OH
HO
T, Pl
HO OMe
HO Ol H OH
Satrch (1) OMe Cellulose (nxn)

Polymer of b(1-4) Glucose Polymer of a(1-4) Glucose
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