Y
%ﬁs&u&§

A
™. /

B e R W iE % M

RGANIC SYNTHESIS

A DL

TG RE
b P OdHProPbOd

‘(./'» ?;l\ . ﬁ 2 3
8- lﬁ PP 3 9 7
e




5 % fx i Wi #H 4

RGANIC SYNTHESIS

%\&%\N
§ ":\V‘L ﬁmAm
%. 0621. 3 t»ﬂ

N\ \ Jg % EiE RE
AR A A




BB ERS B (CIP) ##& b
HHLA R UHEX R/ RS, — M

MRS AL 2011, 2

ISBN 978-7-311-03644-7 "'
I.0F - I1.0%: - . OAIAR—FH—N .

# V. (D0621.3

Hh AR A P A5 4R CIP Bl 5 (2011) 58 017473 5

KumiE REN
RERE WIS
H@EiRit X &

£ & BAUEH
B F KES RE

HERAT ZMAZFHER (Hib. = MH XK 222 5  730000)
B, i& 0931 -8912613( R EH/AZE) 0931 -8617156( EfH+ 1)

0931 —8914298 (L E RS 2B)
R it http.//www. onbook. com. cn
HF{5% press@Izu. edu.cn
Rl ZMERENRFRITELS
& 787 x1092 1/16
ik 14.5
¥ 324 F
X 2011 fE2 BE1 R
k2011 2 BE 1 KR
= ISBN 978-7-311-03644-7
f#ft 28.00 Tt

HESHRNPIHI

(EABEABRR R IZATHEN S KHLKR)



W% A

AERARFNFRBFERAMEMTFRENANARELRET WX EHM, KK
MHEEALEANRKANRRAEFSEHRC—CRGRN KHMFIHRE AR,
AREN GRPEAEFTEANBTANARKERXTE RN RBFG & NET HILEK
BABITHERBRS 2 FHIN & RBLEITHTE,

AETHEABRAMCE AT GHER M FEENER FREELLEARERFTFR
& R BF M



Hil

Tl

W ABBRHAEANGERAF LT —UREHRFHL IR ENEERTFLEL Y
R HEAHREEEANE VA EAT AR FRBEERRAE AT HH HHEL
VYHEVREZ — EFIURBLINFLCLEI TAIAE", AT — 2 Ea, ik
AEERRENLRME ELCTRERF FEHHENREALES TRERENEM, 4
BRAAREHEM AP EFERRRET, FEFEREFIXB, ATHERFLRT
EEERESENRFLSH ARAHXNER L BRERKEAATXREM EEHR
¥ % B 7 ix & (Organic Synthesis HAlL & K )X E#HM , HWREFLEMIF MRS —SLE
EWHENARRN FiE BB HOUARAN AR BRFLENPRE ARREFLN
% W S E AR,

ABEP>10F £ FEHENETHINARHREERAEES ;F_ERENET S
MERBANINFHEEAL ERAEEBAN M FNRARE;$= W AFZENET
BRALBANRAIRABTTFNSEEHRC—CRBYRN WAL TFEE;EAENET R
FWREBRY & B N NEXHAEHANHE IR V(EEACKE ERRN R 5
FHRPE) FTERNNARARKENE LA DN ER S RBEEHTTHR, EANFEN
FEHTANARER R T WEABA L TFTHIH SRBERAIRTE, AFTHEIN
A AT AR MH BEANER FRELT VAR EMFR LN EHM,

A$ W E FESH# Lk & Mackie Raymond Keith 47 # # (Guidebook to organic synthesis),
£ . 1] Mackie Raymond Keith % 7~ % /0 # B 4t , % Z Mackie Raymond Keith % & 2| & 5 j&
58BAKAFTAN:

E-mail : zhangym71@163.com

A HEIMNXBAEFEAATRES R TR R HR, ERRTECHRER,

HTRAEXTFAR, FFPRAFEFARZILA RERZAMRITHIE,

KEMH
2010 4 10 A



Contents

Chapter 1 Introduction / 001
Chapter 2 Functionalisation and interconversion of functional groups / 005
Chapter 3 Formation of carbon-carbon bonds: the principles / 021

Chapter 4 Formation of carbon-carbon bonds: the use of reactions of organometallic

compounds / 028

Chapter 5 Formation of carbon-carbon bonds: the use of stabilised carbanions and related
nucleophiles / 055

Chapter 6 Ring closure and ring opening / 104
Chapter 7 Reduction / 139

Chapter 8 Oxidation / 164

Chapter 9 Protective groups / 195

Chapter 10 Synthesis of complex compund / 206

Appendices Vocabulary of Specialty / 218

SJUBIL0YD

001



002

B

B

=

LAk

o g

FNE

B

BAE

B

Bt

4 /1001
E’ﬁék*ﬂlﬁﬁﬁmm*ﬂ;&:%i‘ / 005
T Uk — Bk 6 . B A JFUER / 021

T LB — B B ) R A L4 R AL A W R / 028 |
T Uk — i B - 1) Y Bk £ 8 - B SR A UL / 055

IR SSE AT R B / 104

Ry A /195

HAMEYIHE B / 206

Mtk LkiFEic /218



Chapter 1 Introduction
F—F 4®

1.1 HA=BNERLEF
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HAPLE AL A LA AL ISR A R HLE AR 408 DL S A EAF LA RLAEE®
KARGEIR (A A i B ) 9 JRORL , I TR HL™ dily, R s R - BEK R ZEORAK T2
BRI HLA B A LA A OB, S R A R A R BRI A, HA L
WRBIERMZRTAE SREL BB, FENATERKRE B ok F A
FERLSE o LA E RIS R B RA P AR AT BRA B384y . B2, A LA AL 2 R AUT LA SE A
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A2 DL B A HLA R 5
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MR RFENRR BRI T AIERIRRE,
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(4)20 42 60 4E4R , Merrifield & i€ T [ 4 & BLEL R (Solid Phase Synthesis)
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HCHO,HC1

I
HO—C—CH,—NH
CH,—Cl : =

o e e | W

I
HO—C—CH,—NH,

1
O CHZ_O_C_CHZ_NHZ >
0 0

0 0
' I I
CHz‘\‘O—C—(CHz—NH—C—CHZ_) i, £ CRCORNT:
0 0

I I
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Chapter 2 Functionalisation and
interconversion of functional groups

F_F ERAMEREANHEEIELR

Important aspects of synthesis are the introduction of functional groups into a molecule and
interconversion of functional groups. In this chapter, we shall attempt to bring together, in
outline only, a variety of reactions which the successful synthetic chemist will require to have at

his command.

2.1 Functionalisation of alkanes

The unreactivity of alkanes towards electrophilic and nucleophilic reagents will be familiar
to the reader. Alkanes are, however, reactive in radical reactions, particularly halogenation. Such
reactions are nevertheless of limited synthetic use, due to the difficulties encountered in
attempts to control them.

Chlorination tends to be less selective than bromination.

i
CH3_C_BI'
CH, Br;,
Gl
CH,—C—H
| CH, CH,C1
CH; l |
: CH3_(i:_C1 + CH3_C_H
CH; CH;

On the other hand, rearrangements are encountered in the intermediate radicals with less
frequency than in the corresponding carbonium ions. Thus, only 1 -chloro 2,2 -dimethylpropane

results when 2,2-dimethylpropane is chlorinated:

Cl
CCHIYO e i (CH;);CCH,Cl[ not (CH;),CCICH,CHs]
u.v.
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2.2 Functionalisation of alkenes

Unlike alkanes, alkenes contain two sites at which functionalisation can be carried out
with a high degree of specificity. These are (a) at the C=—C double bond and (b) at the
carbon adjacent to the double bond - the allylic position.

The chemistry of alkenes is largely concerned with reactions of electrophiles with the

double bond. Scheme 2.1 summarises addition reactions involving propene.

205
CH,CH—CH,
CH5;CH(OH)CH,OH
CH;CO,H+CO,
A
CH;CH,CH,0OH CH;CH,CH;
glj; H0;, oxidation
catalitic
hydrogenation
CH3CH=CH2
0" 0"
HX radical VW
adition
of HBr
CH,CHXCH; CH;CHVCH,W
CH3CH2CH2BI'
Scheme 2.1

Strong acids. e.g. HCl, HBr, HI, H,SO,, and CF;CO,H, add to alkenes as indicated in
scheme 2.1, but weaker acids, e.g. CH;CO,H and H,0, require acid catalysis. The products of
such reactions are alkyl halides, alkyl sulphates, alkyl trifluoroacetates, alkyl acetates and
alcohols respectively. In all cases, “Markownikoff” addition is observed except in the case of
HBr: in this case, unless the alkene is rigorously purified so that peroxide impurities are
excluded, “anti-Markownikoff” addition is observed. This is due to the fact that, in presence of

peroxide, a radical mechanism is followed.

HBr
CH,CH,CH.Br «— CH,CH=—CH,

+peroxide peroxide—free

CH;CHBrCH,

It may also be noted from scheme 2.1 that either of the two possible alcohols may be
obtained by addition of H—OH to the double bond.

Addition of mixed halides, e.g. ICl, and of hypohalous acids is also governed by the
Markownikoff Rule, i.e. the more positive end of the dipolar molecule becomes attached to the

less substituted carbon:



5 9
CH,CH=CH, + VW ——— CH,CHVCH,W

1C1
CH,CH(OH)CH,Br +—2%" _ CH.CH—CH, — >+ GH,CHCICH,I

The intermediate in reactions involving halogens and hypohalous acids is a halonium ion
(1), reaction of which with a nucleophile leads to a trans addition product. In the case of
addition of hypohalous acid, The trans -halohydrin formed can be converted, by treatment with

base, into an oxiran (epoxide):

Br

A 2 ek =
S ",BI' —_—

“Br

(1)
el
H e HC
ﬁf HOCI H\ [ ~~CH; OH- é
C Cry /
A | CH3 H3C
Ho€CH3 OH
(Z)or cis threo cis
H .-Cl
W o H,C
(ﬁ HOCI H3C\ | ~~CH; OH- ?E
C C ‘ryy W
Py Py G
MG H OH
(E)or trans erythro trans

The most commonly used reagent for bromination is N-bromo-succinimide (NBS) and, since

the reaction involves an intermediate allyl radical, a mixture of bromides can be expected:

NBS

RCH,CH=CH, (PTOz)Z’ RCHCH—CH; ———— RCH—CHCH,

NBS

RCHBrCH=CH, + RCH=CHCH,Br
(Z and E isomers)

However, in simple cases such as cyclohexene, a good yield of the bromoalkene is obtained.

2.3 Fuctionalisation of alkynes

Most of the chemistry of alkynes is concerned with their reactivity toward electrophiles. As
in the case of alkenes considered in the previous section, reactions with halogens, hydrogen
halides and acids are synthetically useful. Hydrogenation of alkynes is also of considerable

significance and will be discussed in Chapter 8. In addition, a terminal acetylene is a weak acid

sdno.b jeuonouny JO UOISIBAUODIBIUI PUR UOHESHBUOIOUNS 2 Ja1dey)
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and the anion derived from it is of importance in carbon—carbon bond forming reactions (cf.

sections 3.4.2.iii and 4.3). The commonly used synthetic procedures are shown in scheme 2.2.

H,0/H*/HgO
partial reduction
RC==CH
K R
RCBr=CHBr RC=C"
Scheme 2.2

2.4 Functionalisation of aromatic hydrocarbons

2.4.1 Substitution at a ring position

The characteristic reaction of benzene is an electrophilic addition-elimination reaction, the
overall effect of which is substitution. This is the most widely used procedure for the
introduction of functional groups on to the benzene ring. Scheme 2.3 outlines some of the more

¥ important reactions.

R

& ©—c0R

a RCl

8 SO;H [ AlCl; bk wi ™~

:J 2 b5 T AL, Sl © AlCl, ©—CH2R
sulphonation

o NO,
W‘
1halogenation
o

Scheme 2.3
Friedel -Crafts alkylation leads to polyalkylation in most cases, since the product
alkylbenzene is more reactive towards electrophiles than is benzene. Hence an indirect
synthesis, via acylation and reduction, is often desirable. Cyclopropane, alkene, and alcohols
may be used in place of alkyl halides in the alkylation reaction.
Direct halogenation of benzene by molecular halogen catalysed by a Lewis acid is
restricted to chlorination and bromination. Iodine is not sufficiently reactive to iodinate benzene,

but toluene can be iodinated using iodine monochloride and zinc chloride. Fluorination is

carried out by indirect methods, e.g. from diazonium salts to be described later in this chapter.
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Sulphonation is an easily reversible reaction and this makes the sulphonic acid group a
useful blocking group in synthesis.
2.4.2 Reaction in the side chain

Alkylbenzenes can be functionalised either in the side chain or in the ring. The side chain
is susceptible to oxidation and also to halogenation at the position adjacent to the ring (the

benzylic position).

0
/CH3 /CH3 u "
PhcH 2 PQCOOH —=— PhOH + CHi—C—CH,
\CH3 CH,

The reaction is commercially valuable for synthesis of phenol and acetone from cumene.

CH;B
T o —

2.5 Functionalisation of substituted benzene derivatives

Substituted benzene derivatives undergo electrophilic and free radical substitution reactions
analogous to those described previously for benzene. However, in electrophilic substitution, the
substituents already present in the ring direct an incoming electrophile into certain position (s)
and affect the rate of substitution to such an extent that certain reactions (e.g. alkylation of
nitrobenzene) cannot be carried out and others not possible with benzene can take place (e.g.
reaction of sodium phenoxide with diazomium salts). A simplified general guide to these effects
is given in table 2.1.

Two points are worth noting at this stage. Firstly, when more than one substituent is already
on the benzene ring, the most strongly electron -donating group controls the position of further
substitution. Secondly, in order to minimize possible substitition at nitrogen, aromatic amines are
usually converted into acetanilides before substitution is carried out. This also serves to reduce
the reactivity of the ring towards electrophilic substitution. Below are given some examples

which may help the reader to understand the application of the rules:

Table 2.1 Orientation and rate of electrophilic substitution of substituted benzenes

Orientation of electrophilic Rate of substitution relative to
Substituent
substitution that of benzene
Alkyl or aryl o—, p— faster
—OH, —OR o—, p— faster
—NH,, —NHR, —NP; o—, p— faster
Halogen o, p—- similar or slower
—NO, m— slower

Z 1|8ideyn

1
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Table 2.1 con.

Orientation of electrophilic | Rate of substitution relative to
Substituent
substitution . that of benzene
—SO;H m— slower
—CF; m— slower
o e
/C 0) m- slower
—EN m-— slower
OH , OH
N 02 ) NOZ
fuming HNO,
(a) *
NO,
The hydroxyl group is o—/p— directing
NH e
# 2 Br Br
3 By HO
5 % Kb} i
]
HE Br
1%
1’ Monobromination can be affected by way of acetanilide:
it
e NHCOCH; i NHCOCH;
48
5 Bl‘z ¢ BI'
k3 . g .
4 acetic acid
Br minor product
H*or
OH",H,0
NH,
Br
Cl Cl
conc.H,SO,
_—  »
(c) fuming HNO,
NO, NO,
NO,

010



