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Importance of cyclic compounds

- Intramolecular cyclizations by E*-Nu- interactions
- Cycloadditions
- Electrocyclic cyclizations

- Ring Openings



Ring Closure — Intramolecular Cyclizations

Intramolecular cyclization by electrophile—nucleophile interaction

Alkylation

Br(CHz)aBr + CH2(CO2CsHs)s

NalCsHs

/GHE\

P\Hz CH({CO2CzHs)2
b
Br 1

MaOCsHsg

: CO4CsHs

CO.CsHs
2

(c. 40% overall)
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Ring Closure — Intramolecular Cyclizations

Intramolecular cyclization by electrophile—nucleophile interaction

Acylation NaOCzHs CO4C;Hs
Ca HEGEE{GHE:I4CGEGEH5 = q (81 n&}
3
O
i |

Dieckmann reaction

COCHS,
(83%)

Condensation _— |

':-H'gﬂ':l{c Hz}q, C-GGH;; oo e
CHs
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Intramolecular cyclization by electrophile—nucleophile interaction

Synthesis of bicyclic compounds

Electrophilic aromatic substitution

CH,
Ph(CHp)OH —— @\j — @]:j (50%)
9]
Ph(CH,),COCI ——~ @ig (90%)

H\ GHE'DTS H

o (75%)
+ CHs{COsCoH5)z = CO-CsH;5

H CH-OTs CO»CoHs

Alkylation
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Intramolecular cyclization by electrophile—nucleophile interaction

Synthesis of bicyclic compounds

Acylation
0 O
/
N N CDEGE H5 T T N
HCH;CHEGDECE Hs
(62%)
Condensation

CH
0 3

<:/( e O (85%)

CH,COCH,CHs



Ring Closure — Intramolecular Cyclizations

7.1.2  Facility of intramolecular ring closure: Baldwin’s rules

y-
100° X
R =] R I,.-"l_\i.-:\l_ \:
4 =Y — C—v-
xﬂcf‘r TS X'E"-“{'l_:*”Yh_ i, x—-c’f - % T -
o A T %
H H H H H 6
5 f{_ -
120° /. .60° —
3%y, Uy
. ¥
(i) the size of the ring being formed, 7

(1) whether the atom or group
Y lies outside the ring being formed or else is part of the ring system,

(i) whether the electrophilic carbon is tetrahedral, trigonal or digonal
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Ring Closure — Intramolecular Cyclizations

7.1.2  Facility of intramolecular ring closure: Baldwin’s rules

3-exo-tet (five-membered ring,Y outside the ring being formed.
tetrahedral carbon undergoing substitution)

ng )
A T + Y

b-endo-trig [six-membered ring, Y (= carbon in this case) forming

part of the ring, trigonal carbon undergoing addition],

Co 0- 0
%-Q —-Q

74

BOSTOMN



Ring Closure — Intramolecular Cyclizations

7.1.2  Facility of intramolecular ring closure: Baldwin’s rules

4-exo-tet " CH, 3
NaOC,Hs A"
Br{CHp)aBr + CHz(CO2CzHs)z C&Hz CH(CO2CzHs)2
o
| Br 1 B

MaOCsHsg

: CO4CsHs

CO.CsHs
2

(c. 40% overall)

NaOCzHs CO.C:Hs
i Dg HEGEEI:GHE:I.‘CGEGEHg i {51 n.-‘fu}
I-exo-trig a

O
4
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7.1.2  Facility of intramolecular ring closure: Baldwin’s rules

Rule1 3- to 7-exo-tet processes are all favoured; 5- and 6-endo-ter processes are
disfavoured.'®

Rule2 3- to 7-exo-trig processes are all favoured; 3- to 5-endo-irig processes arz
disfavoured; 6- and 7-endo-trig processes are favoured.

Rule3 3- and 4-exo-dig processes are disfavoured; 5- to 7-exo-dig processes are
favoured; 3- to 7-endo-dig processes are favoured.
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7.1.3 Michael addition in ring-closure processes

= N O oH 2
Cr + PhCH=CHCOCH; —* %3 g C@; (43%)
0

Robinson annulation i Bh _ Ph
DH;_:,\ }/N':':HS}E
Mo« Ph e ‘thermal Michasl' ﬁ
CHaCOCH,COCH; + PhCOCHCHoN(CHg)e —— I,
|
COCH,

Michael-Robinson addition: y

o) Ph _iGHa}EN\(CHz COPh |
jj/ s ,c\) ~—  PhCOCH=CH

CHLCO H /
COCH;
(50%) = 2
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7.1.3 Michael addition in ring-closure processes

-— =

O
CH,
e NaOC,Hs | CHa CHg
{GH'&JE C=0C + GHE{GDEEEHEJQ
A COLCoH;
COCH4 CHS
i COsC5H;5
Dieckmann
acylation
(saction 7.1.1)
CHa
CHj
CHs o

CO,CaHs (95%)
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7.1.3 Michael addition in ring-closure processes

L CH3O -

Robinson annulation

CHg0

(44%: mixture of diasterecisomers)
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7.1.4 Cyclization leading to aromatic and heteroaromatic rings

7.1.4.1 Carbocyclic rings
0 0

(@) (8]
ALGIa “‘m
2 + 0O
3 ngc

HDE
Hz50,
100°C

(95%} ﬁﬂ%]

P, Hf
El]l Cu
{|Ij chiarani

(vield not quoted) (high yield)

/

CDEH
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7.1.4 Cyclization leading to aromatic and heteroaromatic rings

7.1.4.1 Carbocyclic rings
0

CHa HO-C
() NBS (sect. 2.2) (i) SOCl;
(i) KGN " (ii) AICI;
CHa (iil) HCI, HzO
COzH

(55% over three stages) O (85%)

?l

OH

(43% overall) OH




Ring Closure — Intramolecular Cyclizations

7.1.4 Cyclization leading to aromatic and heteroaromatic rings

CHO
CH
@: + PhCH,COz K* i et
NO»

7.1.4.1 Carbocyclic rings

Pschorr reaction

COH

HSO:

Cu,
100°C

O

NaNOa
i —

Hz50;

‘ (83%)
(38% overall)

CO,H

‘NGE ‘

H:O
COzH

‘NHE E

(50%)

] FeS04, NH3,

(77%)
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7.1.4.2 Heterocyclic rings

(i) in the synthesis of a monocyclic compound, the ring-closure step very
often (although by no means always) involves carbon—heteroatom bond
formation;

(11) if the system contains two adjacent heteroatoms, it is unusual for the ring-

closure step to involve heteroatom-heteroatom bond formation

(iii) if the target molecule is bicyclic, with the heterocyclic ring fused to a

benzene ring, the starting compound is almost invariably a preformed
benzene derivative.
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7.1.4.2 Heterocyclic rings

Monocyclic compounds

[T\ x [/:\5:/'\ . J\_XOH 0 /O\

C
- \\‘ »a
R 'Q\O c{/ R? R .OH g

d \ TsOH 'j \
s /[{;-)\G[EHEIE sl

G C
1. (CHg)sC” \hD D’? “C(CHa)g (CHa)sC

; C gl D\ (62%)

C
2. CHE-"’" 'Q\D Géf -\‘\GHE ZnGla DHE O EHEII

CHy” S~ “CHj

& Tk B GO

(@] Ph



Ring Closure — Intramolecular Cyclizations m

. [CH
Monocyclic compounds :
/ h
5. CHsCOGH,COCH; + HNOH —— N CHa CH,
| OH ©

(62%)

(i) 2KNH» [cl. reaction (5.3}]
6. CH,COCHCOCH; mrmcacr; Casen ,6‘)\ /J\)‘j\
acylation; seclion 5.2.2) GHE

{53%] (60%)
{32% overall)

BOSTOMN

Ph

CH=)sCOK
7. PhCOCOPh + S(CH,CO,CoHs)y —it, ey
CHoCO2CaHg
C:H:0.C S

|

Ph Fh

Pat

CoHs0,C~ 8" COzCzHs

(75%)
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Monocyclic compounds

CHsCO  NH, CHa g
8. CHaCOCH,Cl + (HoN),C=8 — H>[\ /k S H%
H 8 'NH H s)\‘r?JH
CHa
s
s” ONH,  (74%)
CHO  CH,CO.CoHs  CaN |~ ~C02C2Hs
B [ * SoeH | e
NH; : T gl
__-CO:CzHs
C

N~ “CH; (50%)
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Monocyclic compounds

CH,CN iperidine CN N CN
o (\ )=0 CHECD H
CH5CO NH HzN CHy” UN” O

|

CHa

o
CHg H 0O
(66%)
COCH; COCH;
COCH I|" ;
" 3 4 HoNNH; — NH e NH
CHEED 2 2 lGHa -"“*N-' 2 CHa E,— 2
CHa
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Benzofused Compounds

CHO
o @[ . ?HECDEGEHE iperidine mcozcsz
CH+CO.H
OH CO2C2Hs (cf. ﬁﬁianh 4) o CO-C2Hs
07 SO (80%)

CONH_ JV
s
NHg \_ N® N ,;,N

(quantitative)
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Benzofused Compounds

Cl = NHNH2
14. —r .
(Lo tmese —| X Qm e,
NOz  (excess)

(90%)
: s 7
CHyn_ GH31]30 o &
I HaS0y
19. H‘] s tr:Hz
o
NHz COCH; 8 Wl |
H*,
(—Hz0
CHs

-
N CHy (76%)
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Benzofused Compounds

[
20. PhCH,CH.NH, + CHLCOCI —~ S /\
DYNH =N
GHa

CHs

Fd'C
icf. section 9.1.1)

=
0

CHs
(73% overall)
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7.1.5 Formation of medium and large rings

7~ co

MNaH
CH30,C(CH2)7C0.CHy e (CHale | (48%)

\VGHGDEGHa

{CH3LCOK //”_‘\ Co

(CHg)ys |
xylena \\_//'I:-H COaCoHs

H*. H,0
(cl. section 5.1.2)

CoHs02G(CHa)14COLC5Hs

)

/7~ co

(CHz)is |

CHz  (48% overall)
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7.1.5 Formation of medium and large rings

CN CN
PHN(CH)Na /—\ G;i:l /_\
NC{CHz)20CN ———— (CHgz)s :[: — {GIEQ-/II
C
_ .
NH NH,
9
H
‘ e | H0
Thorpe—Ziegler reaction " N
/
CH cH
(70% overall) (CHa)ie | - =— (CHalig |
CO \__£©
10

KoCO //—\ CO

Br(CHg)10CO,H ————~ (CHa)o |  (85%)

CHaCOCaHs \¥/E}
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- 4 +: D_ D--
acyloin reaction ﬁ ? | 0 f|:|:n ﬁ
A—C—OR £~ 2R—C—OR — R~ JR 2. R—C—C—R
) (b

g . T7. 77

F.—C—C - R—C—C—R — H—Cjﬁ H

{w:rrk up)

13

12
Na, xylena /—\ cO

CoH502C(CHR)sC02C2Hs - zimosnnas — (CHazds f (46%)

cO
CH30,C(CH2)16C02CH; — (CH2)1e | (96%)
CHOH
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-

CH,Br CHoLi )
Q= -

CH>Br L CHsBr Lt CHs CHa EBFJ
. (39%)
(10-membered ring)
0
C C W e . = 0
Cu{OCOCH,); = T =
2 pyridine (95%)
(cf. section 4.3.2)
N T & &N

(18-membered ring)
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C=CCu
3 heat o
l pyridina

{cf. section 4.3.2)

(12-membered ring)
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Cycloaddition 3 ;
= 2.
é + Ix _.-* H:h 2 ': B ﬁx

CH,=CHCH=CH, + CH.=CHCHO —22%. O (quantitative)
™SCHO

pericvclic or symmeiry controlled reactions

Jfrontier orbitals = r /\E\jé
\ (r "
XL/ %
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7.2.1 The Diels—Alder reaction

oo Qfé gg Q/ﬁ @\Q o
o %_g g % MO

H
A H CO-H _.COH
1. e + e (c. 35%; no cis isomer)
Ph H “H
FI

Suprafacial vs. antarafacial
additions

H h
H b
o~ H H GGEH ,-CDEH
2. S LH + e (c. 10%; no trans isomer)
H™ “Pn “Ph
H H



Ring Closure — Cycloadditions

7.2.1 The Diels—Alder reaction

cisoid conformation transoid conformation.

CHa
[ﬂi] 18
CHs 0 H Cﬂ{aﬂ HaC ;HH 0
2" “H i ‘_ﬁ\\ —'K
¥ QH y @D ether, 35°C 3 \(‘3 [quantitative; no 20] ‘H<g
CHs 0 H ';JH': 5 Ted T
19 20
i Q st P P
" Z “CHa . 15h Ny [&
TR H benzene, 150°C,

O
prassurs <
O

CHs o) H cng
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7.2.1 The Diels—Alder reaction

D ¢ Lt L% 0 (quantitative)
CHg CHj
I cﬁ” Lt (60%)
reﬂux Hﬂ GHa
0
" @g i 1[ _heat &' CO4CHg (77%)

CDECH‘?

(s 0 CHs
I
e 43%
8. + n-CqHgli — @l + I;/\O o % el

Cl
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7.2.1 The Diels—Alder reaction

If the diene and dienophile are both unsymmetrical

L -0,

(major) (minaor)

AT S0Eh 8

(major) (minor)



Ring Closure — Cycloadditions

7.2.1 The Diels—Alder reaction

If the diene and dienophile are both unsymmetrical

CH3 G H3 C H3
6- ! O’CDEG Hs O
&
RS k CORCHy
laythg (61%) (3%)
CHH \i“'— CDEGH |
+ |l
CQ.CH3 CDECHg
(45%) (8%)
N(CzHs)2 N(CzHs)2
= CO,CzHs
. + L o only (94%)
CO=CsHs

oy At
+ i only (50%)
k““ I\ COoCH4

74
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7.2.2 1,3-Dipolar cycloaddition

[.3-dipole  FCH—H=f: <= ROH=R=R: ~—~ RCH—Ri==N: — RCH—R=N:

4o + 27
23a 23b 23c 23d

RN—N=R: =~ AN=R=R: — RN—RN=N: ~— RN—N=N:
24a 24b 24c 24d



Ring Closure — Cycloadditions m
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7.2.2 1,3-Dipolar cycloaddition
CHa

H
' & CH ‘!/\ CH
1 GHQNE o I S GHB | ‘?N 2 {:Ha \N
CH™ ™CO,CzHs *I°N >IN
C-H:0-C CaHs02C

(75%)

Ph 5

2. PhNg + PhC=CH — I SN (43%) + /[ SN (52%)
N Ph Ti'
Ph Ph

Cl
Clz | (CzHg)al -
3. [PhRCH=NOH —=] PhC—=NOH ———= [PhC==N—0)]
| (EG;GQHi

T

N
[,SN

C.Hs0,.C~ O

(gquantitative)



Ring Closure — Cycloadditions

7.2.3 Addition of carbenes and nitrenes to alkenes

[2 + 2]-cycloaddition

singlet state

HOMO

27

HOMO
27

LUMO
15

Radical, not concertic
iriplet state

R
C%orﬁ R
R

bent linear
(JEH{

HOMO
17

. R R
ey e
IIJ.-l 27

74
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7.2.3 Addition of carbenes and nitrenes to alkenes

R R* R! CR; R R! CR, B
TR S S ;i_ﬁg

LUMO
15
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7.2.3 Addition of carbenes and nitrenes to alkenes

Cl;CCQCaHs Cl

L prrapE=the Rt~ (65%)
GHBra Er - CHH

= .r" : (CHa)sCOK Br --H (68%)

(c. 50%; 29 : 30 = 66 : 34)

CHulp + Zn —» ICH,Znl

I,an 5 . Znl
g EHE ra— _GHE IR EHE + zﬂlg
\ e <1

Sinmmons—Smith reaction

at



Ring Closure — Cycloadditions

Electrocyclic ring closure \)\<

_ED“G
DMSQ
H

EHE, ! _GHE ’ e CH solution
X 132°C -
| — - (>99%)
oz pantanes saluticn %
CH A (sealed tuba) ‘CH 3

H
32

178°C

cyclohexane

74
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CHgz

“H (high yield)
“H
CHg
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Electrocyclic ring closure

disrotatory process

conroialory Pprocess

LFH



Ring Closure — Cycloadditions m

Electrocyclic ring closure ~CHs s
GHS -‘-bCHE_
32 H

photochemical
2
CK = K/D (>95%)
OO~ 1)

BOSTOMN

opposite

|
H H
disrolatol qr
S HI
R‘I R -': R C% \i’

16

‘_H I
A R

<x’ \>
conrotatory 1 R




Ring Closure — Cycloadditions

Electrocyclic ring closure

CHj

— hv = =
S—— A = G (equilibrium proportion 36:30:34)
N W S CHs

photochemical
F — 7 isomerization

74
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Ring Opening

Ring opening

the two main synthetic uses of ring opening

(i) the atoms at either end of the bond which is broken will bear functional
groups in the ring-opened product; ring opening may thus provide a
route to difunctional molecules in which the functional groups are
separated by several other atoms;

(i) in a bi- or polycyclic molecule, cleavage of a bond which is common to two
nngs may lead to a medium- or large-nng molecule that 1s otherwise

difficult to prepare.

74

BOSTOMN
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7.4.1 Hpydrolysis, solvolysis and other electrophile—nucleophile interactions

H  CHgPh CHs CHyPh
o! o) Q o} o] Co
! U 0 Ko _0KogH; _ z
{if) PhCHLCI (i) CHyl %
OCHS34
70% B B
( } KOCH;
CHsOH
¥
PhCH> CHs CH.Ph CHs CH.Ph
\ He COsCH o
CHCO(CHz)sCO;CH ~— | g | O 20
CHg 25 OCH4
(50% overall; cf. section 5.1.2)
COCH4
COCH;
HCI, HzD
3 A_Lo —_— co,H — Cl(CH2)sCOCH;  (75%)

O OH
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7.4.1 Hpydrolysis, solvolysis and other electrophile—nucleophile interactions

H
E{FH FOH e (CHa)oN(CHo)sCH=CH, (80%)

CH;;

("E::sogcﬂs
(CHglsCOK _

RO~ Y H (E-isomer; >90%)})
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7.4.2 Oxidative and reductive ring opening

w0
COsH
D04, HaOp HO-C ;
1. @ o Hﬂecx (73%)
COH
Alls
H
5 L2 OH PHOGOGHI:,  OHC(CH)CHO  (67%)
--OH
H

/ o\ :
(CHa)aC QGDEH et

S

[GHg]gG’&GGQH ‘?} — (CH3)3C(CH2)4COzH

S
(70%)
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7.4.3  Pericyclic ring opening

retro-Diels—Alder reaction 0

o &g L
9]
T.Cf g Be—w e ; (0 0 (>80%)
=, O / H —C0;
o - o H O
O
O

CO,CHz ;:}
= ction 7.2.1.
2 [:;o ¥ I‘[ SN, CO5CHg
— reaction 7 /
vy CO,CHs
| Ha (1 o]
| Pd
¥
0
. ~COCHs  cp,
@) |
CO,CHj 2 s
CO,CH4

(yield not quoted)
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kS

Electrocyclic ring opening

Q con mtﬂlﬂl""
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Electrocyclic ring opening

e l:Ilsmla:lnr'_.,.-
1. |l o+ oHal A B (32%

H
1
200°C
2, | u (conrotatorny) @ {955”'&:]
H
WG <100°C ‘ !
s. H | (corrotatory) @@ (high yield)2°
-

96 37
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Cope rearrangement

u.m \e ::—:/ﬂm
|
H



Ring Opening (A
c . g S CHz
ope rearrangemen CHj-- 280°C _ CHg .
i. .‘:Ha——@ g MH (97%)
o H

BOSTOMN

(erythro)
i H
CHs-- e 180°C CHa
& H-- {l:-/; via two chairs e = CH 3 {B?%-]
CHs H CHs
(threo) H
& Z AN (10%)
CH,
Y
g 120°C
8. - (91%)
“ 3= ﬁ via boat
H (chair oo strained)

H

4 -'W[CHE)SCHB Kot -

J - B (CHz)sCHs;  (quantitative)
H



