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Chemistry of Alkenes
co H
CH;CO,H + CO, CHyG=0 + O=CH, CH3—CHz—CH,
Acetic Acid acetaldehyde formaldehyde propane
f f
1) Hot anO4 H 3()+ ; Zn dust H, /Pt
2)H,0 '

CHs—(EH—-CHZOH
OH
1,2-propanediol

CHz;—CH—CH.
TN /2

3
(Ozonide)

CH3z—CHBr—CH,Br

1,2-dibromopropane

Ice cold KMnO,,

CHz—CH—CH,Br
H

T

0,

CHs—CH=CH,
propene

Br,

CHz—CHCI—CH,CI

1-bromo-2-propanol 1,2-dichloropropane
HOCI conc. H,S0, [cold] HCI

' v

CHy—CH—CH,CI CHg—CH—CH, CH3—CHCI—CH,

OH -SO,H

1-chloro-2-propanol hyd:'zzrr?ps}glfate 2-chloropropane

I
HBr (peroxides) H,0 HBr
v
CHz—~CH—CH, ‘
CH5~CH5—~CH,Br H CH3z—CHBr—CH,
1-bromopropane 2-propanol 2-bromopropane
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Chemistry of Alkynes
0
1 CHs—CHs~CH=—=CH
CHs—CH-t—CH, CH,CH,CO,H + CO, + H,0 5~CH; CH,
butanone propionic acid 1-butene*
H,0 T H, / Ni
© &| H,S0
CHyCH5-C=C: Na [[H2 so4]] ;_) Hot KMnO, CHy—CHy-CCI=CHCI
Sodium 9ot ) H;0 1,2-dichloro-1-
ethylacetylide \ butene*
T
CHiBf[A] Na {liq.NH] \ Cl,
CH5zCH3C=C-CH;,4 CH5z-CHzC=C B CH3z~CHz-CBr—=CHBr
2> 4,2-dibromo-1-
2-pentyne 1-butyne butene*
D
Ag
S & INH,OH] HCl
CH5CH5-C=C: Ag
Silver CH3z—CHz-CCI=CH,
ethylacetylide™ .
(White precipitate) ® 2-chicro-1-butene
Cu
INH,OH] HEr

’/ CH,CH,CO,H + HCO,H

Cuprous CHz—CH5-CBr=CH,
ethylacetylide™*
(Red precipitate) propionic acid formic acid 2-bromo-1-butene”
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CH,
H,C”  “CH,

“cH;

cyclohexane

CH,

H,C CH,

isopropylbenzene

H, / Pt
80°C

CH,CH=CH

CH,

acetophenone
(a ketone)

i ¥ elas

Br

bromobenzene

)

Br,
[FeBr,]

benzene

CH.ClI
A,
'

CH,

O

toluene

1
KMnO,[A]

b

COOH

benzoic acid
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Chemistry of Alcohols
CH;—CH—CH,4 CHg—CH—CH CH—GH—CH,
! Br I
2-chloropropane 2-bromopropane 2-icdopropane
HCI, ZnCl,, A HEE A
or PCly, A or PBF. A Pl;, A
or SOCl,, A 2
CHz—CH—CH, CHz—CH—CH,
—NO, 1 g
«— HONO, CH5C-OH-» CH;—~C=0
0, .
isopropyl nitrate | 2> © (HzS0,). A ls:‘?erg:zl
i
CeHz—C—Cl
HOSO,0H Vo 25°C
25°C CHs-CH~CH,
CHz—CH—CH, V CH;—CH—CH, (|)
=\ QL
i sodium -
isopropyl . ! .
hydrogen sulfate isoprpoxide Ibs:r‘i):rzgz‘e
l
H,S o
1625 .,?:‘ CHiBr [A] KiCry07H;0 or Cu (350°C)
CHz—CH—CH,
CHz~CH=CH, o CHy—G—CH,
propene (].:H3 o]
methl isopropy! acetone
ether
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Chemistry of Phenols
COOH 0%Na® H OC,H;
e~ H,0"- OH OH
25°C
salicylic acid sodium salicylate| [salicylaldehyde| | 8oxybenzene
A
cc;z, A CHCl,A CHsBr, A g:
0—C—CH, 50atm. NaOH e e,
I
e-CH,COCI HzC\CHz/CHz
2% cyclohexanol
phenyl acetate H, /Pt of
50°C ci cl
No isolable | CH;COCI
products /
KMnO,
§ ag.NaOH HsO c .
Purple 3cl, 2’4'6;::01%
complex [~ FeCl p
2 OH
Br Br
Zn dust 3Br,
“T AA
benzene r
H,80, conc. HNO, 2,4 6-tribromo-
et l cold aq. 15% HNO, phenol
o oH OH OH OH
+ conc.
<~ HNO; — +
SO,H _
o- and p- hydroxy- _ No, o-nitrophenol  NO,
benzenesulfonic acid picric acid p-nitrophenol
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Chemistry of halogen Compounds

CHQ‘*CHQ—“CH"—CHa CHg-'CHz——CH—-CH3
I CHz~CH==CH—CH, |
OH O—CH,
2-butanol 2-butene 2-methoxybutane
aqueous
Na® SonA Na® CocH, A
\ alcohglic
CHzCH5~CH-CH
CHg“CHg@?HWCHa \\ Na@ @QH, A T ‘ jf“\
\ Y
. \ ~O
2-putanethiol , ~/
AN /@6 | 2-phenoxybutane
Na® OSH, A Na R >
CHz~CH5~CH-CHj
Q | || CHy-CHz—~CH—CH, | CHgCHyGH-CHs
L | §—C,H,
& 2.bromobutane SC,H, | ethyl sec-butyl
suifide
2-{p-chlorpphynel)
_butane

CHg-CHz—CH—CHy

sec-pulylmagnesi.
bron

i

§

!
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CH,OH
CH,

(4-methylpheny!)
methanol

1) CH,0
2) Hy0

COOH

CH,

p-toluic acid

O
e

1) H,C
2)H,0"
rs

a JL_:L'Q e S el 1aS
Chemistry of Grignard Reagents

& |
CHy~CH—C—OH

(!)H
CHg-CHz——C'—“OH

(!ZHZCHZ‘OH

@

CH,

2-(p-tolyl) ethanol

CH, &H,
1-(p-tolyl)-2-methyi-
1-propanol 1-(p-tolyl)-2-butanol
‘l‘ 0
H,C Il
1) >CH-CHO 1) CH,CH,C~CH,
H,C 2) H,0"
2)H;0 /
CH,
0
C-OCH,
@J ) HO«C@CHB

| | magnesium |
1 bromide

CH,

T
HQH+

or H,O
or ROH
or RCOOH
or R30,H
or RyNH

:

4

CH,

@

toluene

SCH,
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™ tri-{p-tolyl) carbinol

1) CHZCH,CH,COCI (80 °C)

2 HO" N
0O

74
CHg‘CHi‘“CHrC

CH,

p-tolyl
n-propyl ketone
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Chemistry of Aldehydes
CHzCHz-CH-OH CHzCH5CH-OH | |CHLCH,CH=CCHO
— CH3zCH5CHzOH eHs H,
1-propanol 1-phenyl- 2-nethyl-
2-hexyn-4-ol 1-propanol 1-pentenal
Y MgBr f
1) cHe=cO na \ / A
2)H0" A N '
or A CH,CH,CH—CHCHO
i 2)H,0",25°C
CHz-CHz—CHj 1) LiAH, X u dn,
propane NaOH, cold 2-methel-
[ ~ dilute aq. 1-hydroxypentanal
KOH,200°C iy
' i
CHzCHyC—H : — o=
i e NH,NH, | C"'sCHza H Bl [ ioN —s] CHaCHoCH—C=N
—NH, _|propionaldehyde H
propanaldehyde 1-hydroxy-
hydrazone butanenitrile
NH,CONHNH, NaHSO,
< o]
CHyCH,C—H CH,CH,CHSO; Na
— H
N—NHCONH, then H,0" |
propionaldehyde or sodium 1-*’%?):::?;
semicarbazone 1) KMnO,, NaO! propanesu
2) H;0 CH,CH,CH,OH
NH,OH l HC g‘?s
CH3-CH§‘C—H / . .:l. A.g,l, (fromt QCHZCHZCHa
ollen's reagent) CHCHEC—H
N=OH | | ¢ cH,cOOH No
82 Reaction OCH,CH,CH,
propanaldenyde pm:(':?; '+ Mg0, (from propionaldehyde
oxime KMnO,) di-n-propyl acetal
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Chemistry of Ketones
CH, CH, CH,
<<_—j>~é-CH=CH2 @CH'CHs @'é“cz"'s @'éz(:“ &=
(%H CBH (’)H
2-phenyl-1- 2-phenyl- 1,3-diphenyi
buten-3-ol 1-phenylethanol 2-butanol -3-but2n-1 X)ne
R
1y He=cO®na \ _ Mng
2)H30+ R 25 Oc Hz, N|
' UAH, 1 s
CHLH, 2)H 0*425 °C + @é-CHzc =0
0. 2) Hg0",25°C y o
ethyibenzene NaOH, cold .
dilute aq. 1,3-diphenyl-

KOH, 200 °C Zn(Hg)

3-butanol-1-one

| conc. HCI [
A N\ CH,
Orgen O-t-e=n
N, < NH,NH o
acetophenone -2-phenyl-2-hydroxy-
hydrazone propionitrile
NH,CONHNH, NaHSO,
4/ ~a
C-CH, <©>-c+iso§9 Ra
M oH
NH,CONH— .
tonh sodium 1-hydroxy
acetophenone e 1-phynelethane
semicarbazone | /[Ag(NH;),] OH ROH sulfonate
HCl gas
1) KMnO, 1) NaOl
NH,OH 2) H0 \ 210"
L ¥ N
COOH COOH
Orgon
No No
N—OH + CHI
Reaction Reaction lodofc?rm
acetophenone o L
oxime benzoic acid benzoic acid
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Chemistry ef Carbexylic Acids

Q

benzene
+ K,CO,+ H0

N

KOH, 250°C

=0

Q
©

Br
m-bromobenzoic acid

260

2)H,0"

1) LiAH,

benzoic anhydride

Ong O

|
© CoHs

benzophenone
Potassium
+ CO, benzoate sec-butyl benzoate

ThO, CH,
300°C | ;

o on HgzC5-CH--Br o 5

NN
\C/ HZSO4!A C/
NO, H,80,
< HNO, ]
m-nitrobenzoic acid A 8 benzoy! chloride

©/CH20H

phenylmethanol

~l




Chemistry of Acids hakides and Acid Anhydrous

i
CH;CHZ—C—@

propiophenone

HOH 5
//
1) MgBr CHzCH5C_ /CHs
O—CH
+ -80°C

2) H,0

propanoy!
chloride

i

BN
Cliy / isopropy! propionate CH;
_CHOH

0
CH“CH-—C//
CAl AN

OH
propionic acid

(+HC) | (+CH,CH,COOH)

(+HC1) | (+CH,CH,COOH)

HOH

0
4

CHz CHz-C_
o

phenyl propionate

[NaOH]}
OH

(+NH,CI)}(+CH,CH,COONa)

2 Na\4
AICI
1) MgBr L 03]
2) H30+ 1) LiAlH4+
'Lasf’c 2)H,0

0
@-C—CHZ—CHs

propiophenone
(+HC) | (+CH,CH,COOH)

OH
CHg—CHZ—C-@

261

(+NaCl) | (+CH,CH,COONa) ' Py
5 CHz-CH5-C
N
/4 0
CHzCHzC! e
o~ Na" CHg CHy G
;, //0 propanoic
CH;-CHZ—C\ anhydride
NH, : i
propionamide KZHN:,

O

‘/[AICI3]

1) LiAIH,
2) H,0"
CH4CH,CH,OH
1,1-diphenyl 1-propanol
-1-propan-ol



L.A*m‘ ua J—.AAS‘ g\_‘b\é 9\...._‘&.._\5
Chemistry of Cyclic Anhydride

COCH,CH,COOH
22 CHz—CH,OH CHz-COOCH,
CH5-CH,OH |} CHzCOOH
g —_ . methyl hydrogen
B benzogé?éopwmc 1,4-butanediol succinate

[
CH.OH
CH, @ T 3 KHfOS

11 1) LiAIH
CHy— i [AICI,] ) LIAIH,
“e.H CH5- c:oocn—ga
6" 'S5
HfCOOH ?Hs HTCOO
N-methyl-N-phenyl | 1) HsCgNH, Putassium methyl
succinamic acid pyndme succinate
2)H,0"
i
CH5-C- NH HoN
l , A —| CHzCOOH
‘_
HzCOO H3N HOH —»{ CHz-COOH
anilinium | succinic succinic acid
succinamate | anhydride
200 OC A e
CHz-COOCH
/(/) s «;L, i N
orr-d. | CHrCOO NH,
(|:H—C/N—© Ammonium
2 % succinamate
N-phenyl- 150 °C
succinimide
% ;
CHZ—C(: CHi-é
CHz-COOH SN—C SNH
T HeC
Hz-NH, e aq. NaOH,—| ~ 2 %Y «Cl,, KOH z %Y
B-aminopropanoic A N-chloro- succinimide
acid succinimide (suluble in KOH)
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Chemistry of Esters
9]
V4 {/
CH3-CHz~CH5-C + C,HgOH . |CHFCHECHEC 4+ C,H;OH
O Na' — H0 —> OH
25° . .
sudium butyrate ethanol butyric acid ethanol
aq. NaOH 6N H/
A A
CH§CH5—CH§JC; ol
I CH20H CH§CH-2—CH§-C/ H 1) MOBr | o CH-CH=C—-OH
CH, g 3Lz U
—_’
benzyl butyrate (excess) (excess;,) '
+ H.SO 2)H,0
C,HzOH 2 3 1,1-diphenyl-
(trace)
ethanol 1-butanol

/

butyramide ethanol
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1) LiAIH,

+
2 H0"
H,/CuCro, at 300°

and 300 tbs/sq in. \

CH3-CHzCHz-CHzOH + C,H;OH

1-butanol ethanol
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Chemistry of Esters
Ox~OH
4 oy
O + NH, CI
benzoic acid \
6N HCI H,0" 6N HCI
A ! A
/ O§ /O Na+
e -
/ _ N
sodium
ag. NaOH, benzoate aq. NaOH,
’ e A A
ya cold conc.
’ “Mg%:;w z H,S0,, 1 mot H,0
r/i%,
g
)
|
| benzonitrile |l P,0;, A
1) LiAIH .
)2) H O‘i HZC—NHz 1) LIA|H4
3 2)H,0"
benzylamine
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Chemistry of Primary Aiphatic Amines

CHNH, “S0, 0 o
. -
CHNH, | Hz(ll/C\NH/ 3
( > CH,
methylammonim methyil::i:jn;omm N-methyl-
benzenesulfonate propanamide
O T %,
- - /
0 CH;'NH; I . HC—CO 0§C /NQCH
O,N NO, OH 3
NO, I
methyl_ammonim N-methyl-p-chloro-
picrate benzamide
0,S—NH-CH;
, NaOH
CHZNHCH,CH,OH 3
2)H3O\
2-methylamino
ethanol CH,
' N- methy!-
H,C——CH, HCl p-toluene-
\O/ 0-5 CHcl,, sulfonanamide
‘l, ¢ NaOH
A \
CH,CH,OH _ -
HN—N CHz-OH CHz-N==C
2 methanol
CH,CH,0H Methyl
_ + isocyanide
N, N-di-B-hydroxy- N,
ethylaminomethane
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Chemistry of Primary Aramatic Amines

NH, .-
NH; Ci
ci ol o
CH;C—NH@

ci anilinium -
2,4, 6-trichloroaniline chloride acetanilide
HyC—CO
Cl,, H,0 ] o
NH . H,C—CD
2 H,0 (NaOH)
\ 259 OC-NH
1) HNO /
NO 3
2| H,80,) [FEEEEE
m-nitroaniline | 2)NaOH benzanilide
NH;
aniline 0,S—NH
H,SO, N
A 180° 2HO N
.93 . NaNO, benzenesulfon
sulfanilic acid HCI anilide
0-5°
Hy, Pt CHcl,
500 l NaOH
/ “\
TH"’ Cl NZ=N Ni=C
CH
HZT/ \THZ
HZC\CH/CH2
2 benzenediazonium . .
cyclohexanamine Chloride phynel isocyanide

-e-}pj_)lgal\ LS ya elhas Hlad ddasSla
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Chemistry of Secondary Amines

CHz~NH, CHLO,

N-methylanilinium
acitate

\

CH,COOH

Br

2,4,6-tribromo-
N-methylaniline

H,C—N—CH5CHzOH

2-[(N-methyl-
N-phenyl)amin
ol-ethanol

CHz~NH; Br

N-methylanilinium

CHz—C—N~—CH,

bromide N-methyl acetanilide
T H3C—Co/
- N
Br (]

N-methyl-N-
nitrosoaniline

267

N-methyl-N-phenyl
benzamide

N-methyl-N-phenyl
methanesulfonamide




a 3”“’3“ Q\ .i.:l\y‘ ;‘ :A:(
Chemistry of Tertiary Amines
CHy_ ~CHs o E - Ct"zCHs-
3 NV 4 Hs-N—CH
o o CH5~N—CH, |
I _N,N-dimethyi dimethylethyl-
2,4 6-trichloro-N, N- anilinium hydrogen phynelammonium
dimethylaniline sulfate iodide
Cly, H,0 / AgOH
272 H,SO, C,Hsl gl
HyC._ _CH, CH,CH,
N -
CHz-N-CH, HO
<....
N dimethylethyl-
N phynelammonium
hydroxide
— 3 1) NaNO,, / HCI o
250°C
S0z Na 2) NaOH , 0°C
Methy orange é l
(red)
HC ~CHa H,C=CH,
Acyl halides thvlene
or Acyl anhalides HiC s &
or solfonyl halides
No N=0 o
. p-nitroso-
reaction .
N, N-dimethyl- N,N-dimethylaniline
aniline (green) :

268




OCH,

anisole

HN—NH,
© 1) snCl,
2) NaOH
phenyl-
hydrazine

potig bt A0 o sl sa
Chemistry of Diazonium Salts

CH,OH

benzene ‘ H,PO,

:N@

OH

phenol

benzenediazonium
chloride

OH
4-hydroxyazo
benzene KHS
N(CH,),
=)
v
NaOH SH
N(CH,), /
4-dimethylamino
azobenzene benzenethiol

1) KBF,

2)Cu
powder

/

CuCl

F

Q

fluorobenzene

Cl

chlorobenzene

Br

bromobenzene

iodobenzene

CuCN

N\

benzonitrile
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Chemistry of Thiols and Thioethers

S—C,H
_S.__CHs zs
1,1'-dithiodiethane CH;—!):O S$—C,H;
acetaldehyde
NaOl diethyl mercaptol
|| CHy-CH,-SH
ethanethiol
Hscz——g—o oM
” \ HN03 S-CZH5
o H é
/ KOH —CH,
ethanesulfonic aqueous \J é—csz
acid acetophenone
- diethyl mercaptol
CH;—CHzS K
potassium
0\ /CHs ethylmercaptide
S—chi I
H5C2 CH3 \ Br——Ct{
ethyl isopropyl | HNO;
sulfoxide cold [
= ethyl isopropyl || H,C CH
T s | sufide | N L0 -
Hs;C5—S—CH T /s——C{-I I
T HC,  CH,
0 3 HNO, CH.I
ethyl isopropyl A 3 meth i
yl ethyl isopropyl
sulfone L S gulfonium fodide
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Chemistry of Sulfonic and Sulfeny! Chlorides

SO, NH;

ammonium

benzenesuifonate

\

NH,

SO,H

Br

m-bromobenzene-

sulfonic acid

SO,NH,

benzenesulfon-
amide

lae— NH,

|
NaGCl
excess

¥

Cl
ozs—r{
\

ol

N, N-dichloro-
benzenesulfon-
amide

thiophenol

27

SO, K o K
KOH
300°C
potassium potassium
benzenesulfonate benzenolate
T
KHCO,
SOzH
SO,;H
m-benzene
disulfonic acid

CH,OH —»|
(pyridine)

SO,CH,

methyl benzene-
sulfonate

OH

AN
(NaOH)

25°C

ozs—o~©~cn

p-chlorophenyl
benzenesulfonate




Chemistry of Derivatives of Carbonic and cabamic Acides

0] 0 O
] OH /] Vi
O-C\ Cl—C f;lH—-C\
OC,Hg*— ] \OCZHS"CszNHZ‘“” HsC, OC,Hs
ethyl phenyl (pyridine) | ethyl hloro- ethyl ethyl-
carbonate carbonate carbamate
T (a urethan)
C,H;OH T
(one mole) C,H;OH
0
4
Hsci—-—NH—C\
COy, + 2 HCI fe—- H,0 -C,HgNH, >} I
0,
25°C ethylcarbamic
chioride
N(CH,), i
N(CHy), ) CH-NH, A
C
— 3
¢=0 @,an J’ l
/ cH, o cH, HsCs-N=C=0
(i:H lé CI)H isocyanatoethane
N(CH
NCH), He” SnH SN e, +
4 4-dimethylamino HCI
penzophenone NN -diisopropylurea
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Chemistry of Isocyanatea

N-methylaniline isopropyl phenylcarbamate

phenyl phenylcarbamate

f

HoC
1) LIAIH,, oH M

_ CH-OH
2) H,0, OH @ nd
3

H | aniline
CH, +
N-methyl-N-ethyl- . CO,
N=C—0

/CHaNH2 NH; ©\ Unreacted

Ot~ | O[O

H H H
N-methyl-N'-phenylurea phenylurea N,N'-diphenylurea
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o
S | 57 M
H

“

"

L -~ 3
red ferric complex salt

1 o f”iﬁ 2l fi’
istry of p - Keio

Lo U b G H O

_ethanol

1) 40% NaOH,A
2) H0"

0
O keto-form

O-Cyhs

H "
\(s f{d\:g}

. F

;, {(/ ’{‘* {:’.,b "x,ii?

m snﬁm fmi"%’ﬁ

ethvi benzolactsia

/

1/

eNHCLA | ()]

N N N A E S

. or S

1) 2% NaOH,|  +

| A co,
23 N “ &

MNa ? o
i
i

C.. C R o Y

%

3 O H

T |

O Gl GoH

{ ( y’” cH ot
§ £ Yy 3

LN Na* ;i
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Chemistry of Sodio of § —Keto Esters

a-benzoylbutyrol-
acelone

.

\\ O
/N
H,C=—CH,

.,

C,H,CHs

F A

OO

4 S-dibenzovioctane
-3 B-dione

i

2% NalH, A

O\\“-c _OC,H
Hg}-%@) CH,Br
|
O==C . ? ]
/’;:x (\—
Y A
N
-
ethyl a-methyl- sodio asit ofethyl
a-methylbenzoyl a-methylbenzoyl
acetate acetate
?
Na — OC,H,
G i
S T o. OCHs O, _OCHg
i %{f i,
- & H
I K Na'| | CHaBr i
2 (7
-7 athyl
athyl sodium a-methylbenzovl
isnbenzoylaceiats acetate

1 4-diphenylouiane-
1. 4-dione
+2 NaCO, +2 C,HgOH

a“"‘”‘.@":‘s

ethyl a-acetyl-
benzoviacetate

P

propiophenona

+ NaCO, + C,H;OH






