Chapter 5 Three and Four-Membered Ring Systems

5.1 Aziridines

Aziridines are good alkylating agents because of their tendency to undergo
ring-opening reaction with nucleophiles -

(719 mitomycin C 2! & antibiotic and antitumor activityﬂ[ﬂf,*éj aziridine ring -
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5.1.1 Ring Synthesis
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X Method Notes
OSOzH aminoalcohol + H,SO, or CISO3H  Wenker synthesis
OSO,R aminoalcohol + RSO,CI
OPPh;"Br aminoalcohol + PhzPBry
Cl chloroamine + NaH in DMSO Gabriel synthesis

| olefin, INCO, ROH
| olefin, IN3, then LiAlH4 or PPhs

Azidines from azides and olefins
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J. Phys. Org. Chem. 1998, 597; Can. J. Chem. 1998, 738.
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Chem. Commun. 1998, 1601.
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PR * Me sNT A2 T <
" \ Ph
O Na
Cu-catalyst, MS-5A * N’TS
pp S MC - ph~L-Me

ve—)an’
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Tetrahedron, 1998, 13485; Tetrahedron Lett. 1998, 309.
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< Ph 5 “BE,T N

/@\AN/ [(n”-CsH5)Fe(CO)2(THR)'[BF4] H=—/——=H
+ N,CHCO,Et $ “
Ry R, 2CHCO, QRz CO,Et
Ry
J. Org. Chem. 1998, 6839.

Yb(OTf), CHPh,

PhCHO + thCHNHZ + N2CHC02Et N
P “CO,Et

Chem. Lett. 1998, 685.
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N 0Me sncl, SN oMe
H.__N + N,CHCHO,Et N
VAN
(j CO,Et
J. Chem. Soc. Perkin Trans. 2, 1998, 1347.
R>1:|\|Ts + N | Br _-TMS Cs,CO3 Rq
4 L& s h
—~~L0H R,"
J. Org. Chem. 1998, 4338.
5.1.2 Functionalization at nitrogen
N-Substituent Reagent
CH,CO;Me CICH,CO,Me, Et;N
CH(OH)CCI3 Cl,CCHO
(CHZ)SMe + -
CH,CH,CN ME(CH2)3C|, PhCH,N Et3C|
CH=CHCOPh CHy=CHCN
COMe CICH=CHCOPh
SO,Me CH,=C=0
Cl MeSO,ClI
NaOCI
5.1.3 Ring-opening reactions
H H
HoN
W& 2MHCIO,, 29.5°C 2 Me
< R HO — NH
R=H 58 42
R =Me 7 93

J. Am. Chem. Soc. 1974, 2855.
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N 100°C *__COMe X=Y MeOC Nw”,..COZMe
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MeOC CO,Me MeOC  H X—Y
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The ring-opening of aziridines to azomethine ylides and subsequent cycloaddition.
Ar = CgH,OMe-4, PhCHO;

X=Y = MeO,CCH=CHCO,;Me, EtO,CN=NCO,Et, PhCH=NMe, norbornene.
Tetrahedron Lett. 1971, 473.

Ph | Ph ] Ph
N _ N I{I
& BuLi CICO,Et
Mew./ N\ Ph — Menw./  \.» Ph| —— Mew. /  \.. Ph
Tol /S\\ H L Li H ] EtO/C:\\ H
Tetrahedron Lett. 1998, 2345.
Me, OH H A _
,k7/_ KH  Mel = [Bn,NLCu(CN)Li,
H" N “H —> H »
| TsHN
Ts

aza-Payne rearrangement.

Chem. Soc. Rev. 1998, 145.
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N

Synlett, 1998, 754.
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Me i ~_ OTBDMS —— Me\r/\\/OTBDMS
Br

M Br2

Tetrahedron Lett. 1998, 2385.
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Cu(OT N/J\
\ (OTH), o

—

A \J
"Ph "’ph

J. Org. Chem. 1998, 4568.
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N/N SePh
© Bu,SnH
OH
OH
Synlett, 1998, 981.
5.1.4 Fragmentation reactions
H NO
N NOCI N —
—_— — /7 N\
A Me e
Me Me Me Me
G 0
N 0C /~=_ + HN=NH
A Ph Ph
Ph Ph
/—Ph
N
) 150°C b Ny—
AN Ph 'Ph
Ph
5.2 Oxiranes (Epoxides)
O
/ /\/\D\/\/COZH Hl.
NN Me,CH(CHy)4

Mechanism of epoxidation by peroxy acids.
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H H t-BuOOH Q

Ho 7\
HO)=<C10H21 i(Oi i HOJA\

Ti(Oi-Pr),, (-)-diethyl tartrate

Asymmetric epoxidation of an allylic alcohols.

Pure & Appl. Chem. 1983, 1823. Organic Reactions, 1996, 48, 1.

OH
KOt-Bu

Br

Selectivity of epoxide formation.
J. Chem. Soc. Perkin Trans. 2, 1993, 641.

Darzens reaction.
Comprehensive Organic Synthesis, Vol. 2, 1991, p. 409.
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Tetrahedron Lett. 1998, 8521.
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Tetrahedron Lett. 1998, 3221.
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J. Org. Chem. 1998, 2564.
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Chem. Commun. 1998, 429.
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J. Am. Chem. Soc. 1998, 948.
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" JUAR =
* R, oo R
10
Tetrahedron Lett. 1998, 4325.
N N=
N4
Co,
) t-Bu O| O t-Bu
Cl_<] OAC
t-Bu  t-Bu
13

J. Org. Chem. 1998, 6776.
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J. Org. Chem. 1998, 8475.

o o EtOZC\N X
Ph
p 19 /X L
PH  Ph Ph Ph :
Oxone
\\
19 @)
Chem. Commun. 1998, 621.
[
7N\9/|\|7
Ph\*dfe 22 Ph_ Me A
Me O O Me
7
OH {BLOOH 3 \—0H
t-Bu t-Bu
25
Tetrahedron Lett. 1998, 5923.

OTES

OTES MCPBA 0O
BHOWOH BHOWOH

Tetrahedron Lett. 1998, 4517.
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O _5 O ‘. A\r_ Br-
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oAb 0, PR e §

Chem. Commun. 1998, 1159.

Iz

\/

l Cu(acac), % 0
ﬁo + PhCHO + PhCHN, Phj‘ Phl — o1
S~Lph DCM |
J. Am. Chem. Soc. 1998, 8328.
NaOH Q
- + + c'g\
M QMG PhCH,Br + RCHO ok oh

J. Org. chem. 1998, 4532.

5.2.2 Reactions

(a o}
g%—’ >=<<

E2 elimination and ring opening of oxiranes

o 9BN  LAH OH
ROW)\ RO/\/\/\i/
OBn
J. Heterocyclic Chem. 1998, 865.
BOCHI%I BocHN OH

\(\‘/@\ EtAINg W
OH OH I:\I3

Tetrahedron Lett. 1998, 7971.
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TMS™ “NH, + \g — 7 7 N TMS

Synlett, 1998, 510.

OH

M eow Lewis acid MeO~ /’/>
- Rl‘“fo

R R, “OH
R,

Tetrahedron Lett. 1998, 393.

SO Fy
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~__Ph P
p¥ “ph 55  PhT Y Z O N \\O
OH g e
55

J. Org. Chem. 1998, 2429.

Ri « Ry OH
O+ TMS™ ™ TMS

R? RZ\WQVTMS

Tetrahedron Lett. 1998, 529.

OH 63 65 ~Ph
L — O + PHLi —u
Ph

OH

%
C"\l = | t-Bu
~" H t-Bu, N OH

(-)-sparteine [
63 65

Symlett, 1998, 1165. Tetrahedron Lett. 1998, 9023.
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J. Chem. Soc. Perkin 1, 1998, 2151.
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J. Org. Chem. 1998, 6200.

o
[>O O‘\\OH

LDA
J. Am. Chem. Soc. 1998, 10760.

HO. R LIO,. R LiO\ R O
X 2 n-Buli \éfu S R
@o Lo — oLi |—>
R R R’ R

J. Org. Chem. 1998, 3808. Synlett, 1998, 337.

Pd(OAc),, PBuy A‘\r
O > R~
N
A RCHO, t-BuOH CHO
0
/O \/O Pd(OAC)z, PBU3 Ph
Ph™ """~ 3A MS. t-BuOH iMe

Tetrahedron, 1998, 1361. Tetrahedron Lett. 1998, 3107.
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R Ru(lll), cat. Me OjR

X7 X
O acetone Me O
Syn. Commun. 1998, 31809.
R NH,SCN, CHLCN R
A 4 3
O TIO(TFA), S

Syn. Commun. 1998, 3913.

O
O N j cat. Eu(dpm), Rs)ko
R{ R, Ry~ X Rl&x
R>
Tetrahedron Lett. 1998, 4559.
2.2 Sml, OH
R/A\OH R&Oﬁx 2.2 Sml,
R = aryl R=aryl,akyl R

Synlett, 1998, 1073.

O OH

O
H

Tetrahedron, 1998, 5819.

5.3 Thiiranes
?
S S O\\S//O
/\ VA /\

thiirane thiirane-1-oxide thiirane-1,1-dioxide

R/&‘\/’SO\I _>OF\>jSCN _,5)53 »A\NC/S?_\S'_» R/&

Synthesis of thiiranes from oxiranes
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Polymerization initiated by nucleophilic attack.

ciscl tBu_ A\ _Cl
t-Bu—=—t-Bu >
CH,Cl,, 100°C Ct t-Bu

Tetrahedron Lett. 2001, 4017.

S CHCl; o A C

Ph)J\Ph A | Cl

50% NaOH(aq) Ph
Bn(Et)sNCI

Helv. Chim. Acta. 1999, 946.

S
N, S
)J\ + benzene P
Ph Ph >
MeO OMe Ph

Helv. Chim. Acta. 1920, 838.

Sg
) s
irradiation

5.4 2H-Azirines
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h
A\*'/ R3//A(2Rl

A: R' = R? = H, R® = Ph, 110°C, 63%. R' = R? = Me, R® = Net,, 20°C, 94%, R* = H, R?,

R® = (CH,)s, hv, pentane, 93%.
B: R' = H, R = Me, R® = Ph, NaH, Me,S0, 20°C, 63%.
C: R'=R? = H, R® = Bu, 120°C, 57%.
Tetrhedron Lett. 1995, 4665. J. Am. Chem. Soc. 1995, 3651.

Examples of addition reactions to C=N bond of azirines

Azirine Reagent Product Ref.
N )
AN EtMgBr N
Ph Ph Etv../ \oo H 2
Ph Ph
0
N
N Me ~ | Ph Me
X+ + b
Ph Me |}1 Py _ Me
H C|O4
N
A + - EN C
Ph MezsCHz
Ph
N Ph S
Me N
A PhNCS N—(
MezN d
Me N
MezN
Me Me
a. Tetrahedron lett. 1969, 4001.

b.

J. Am. Chem. Soc. 1967, 4456.

. J. Am. Chem. Soc. 1972, 2758.

Helv. Chim. Acta. 1979, 160.
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N T /
Ph)x\><— < j| Ph/}\/“ - N>j/

P SN

X =0, 200°C, 80%.

= 0
X=0,70% X =NPh, 140°C, 87%.

X =NPh, 90%

Thermal and photochemical isomerization of 3-phenylazirines bearing conjugative
substituents.

N Me Ph—=] Me \ Me
Al el
N Me . Me Ph Me Ph N
Ph—=N—- .
X —

Internal addition of nitrile ylides derived from azirines.

5.5 Diaziridines and 3H-diazirines

R
N N,
’%LN\RZ NN
=3 R
diaziridine 3H-diazirine
NH3 AgzO
O e O 22 (O
H,NOSO3H NH N

/\/—/\’\T\T/H v

0" °N —> O N/N
" ph heat *H
Ph
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OEt

OEt
| NH : /_/_<
FC : C

Tetrahedron Lett. 2000, 6737.
Synthesis of diaziridines

H

N H
NH N | N
R N
O & N
Cl —» R . \#N
R)]\NHZ R)j]\ll\l r \F\NH !
clr- H Cl

Synthesis of 3-chlorodiaziridines from amidines

Licl, Cl,, NaCl
QO\ (NH + HC 2 . OVO

NH, H,O, DMSO, pentane N=N
J. Am. Chem. Soc, 1992,959.
Me Cl
O)\ o . C|\|IH irradiation Mg><\©
_/ N g \
H

Tetrahedron lett. 1998, 9381.
5.6 Oxaziridines

1

R>: 3 Rl O\

) NRT + ArCOH —— TN

R 5 R
R
0 o

@)
R)LN/OH + =—CO,Me —~ Rkl\f&
H COZMe

Tetrahedron Lett. 1998, 6227.
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<:>: NH20803H 0
I
NH

Bull. Acad. Sci. USSR Div. Chem. Sci. 1989, 793.

Na,CO
Ozo + EtNH, _22-0s Cll\l)E
t

Chem.. Ber. 1958, 1057.

M-CPBA, K,CO3, H,0
Cl >
N cl
SO,Ph o-N~so,ph

J. Am. Chem. Soc. 1989, 5964.
As reagent for asymmetric oxygen transfer, Pure Appl. Chem. 1993, 633.

N\ o Boc N
Q NH + SN ——= O N-NHBoc
— Cl,C /

Tetrahedron Lett. 1998, 8845.

@/‘K Me KHMDS @é\“owle

CI\

\\SO2

Tetrahedron, 1998, 10481.

EtO,C
EtOZCQ\\Ph 2\\\3/ \ «Ph Etozc\ﬂ,o M Etoz%&
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Tetrahedron Lett. 1988, 5855.
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5.7 Azetidines and azetidinones

NHTs CO,Et
Br/\)\COZEt ; N
~N
Ts
\PPhs
o~ [
“H

J. Org. Chem. 1981, 3562.

H2N H
co2
CO,H
R = CH,Ph
H
R= Ph—<_
NH,

+
O

@) \803_Na -E:OzH

NHs" H
Ph
“OMe

o Cl
CO, CO,H
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Flavobacterium 1.NaBH; Os©

MeO,C CO:Me pyteocens enzyme OZC/\IACOZMe
NHCbz - NHCbz 2. Ac,0, Py
optically active NHCbz
LDA,Me;CO OO 1* MeOH oo, OH . LHp PdC Pd/C
-  » E— 2
o S .
THF, -78°C . cﬁ' H(ﬁ--- 2. TMSCI, TEA,
NHCbz NHCbz ~ EO
602 NHR
o
OR

>Sr/\ CrOg, Py >S:/Y M

OR

7N CO,PNB
R=TMS

1. TsN,, TEA, CH3CN W R(0AC);
2. 1 N HCl, MeOH CO,PNB  penzene

CO,PNB
T
Cl—P(OPh),, DMAP 1. Nal
> OP(OPH)2 >
2. (E)- AgS- CH=CH- NHAc
CO,PNB
OH
NHAc 1 MCPBA NHAc
s’ / H,, Pd/C
N 2 TLC sepn. - >
O
CO,PNB COZPNB
OH
NHAC
/_—/
S
N \O
© CO5H (-)-Carpetimycin A

5.8 Other four-membered heterocycles
5.8.1 Oxetanes
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)
HO Nm
OH O O
o NO

obafluorin

D cone HCl MeWC| + MeWOH
OH Cl

(major) (minor)

)ﬁ‘\)rph MeCOCH,CO,R
Ph,C=NH y

f

O
I / WO‘
1
R R'C=CNR?, O Ve
Me O)T
Me O NR22

5.8.2 Thietanes

Ph (HN),C =S
Br)\ACI Na.OH Ph)js

Ph EtzN  Ph Ph P

ol = R = T
Ph R,N R,N

2 \ 2 SO, S

=S0,
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I

benzothietane naphtho[1,8-bcC]thiete

700 C
R —
SH S O 05 Torr

J. Chem. Soc. 1952, 2127. Tetrahedron Lett. 1980, 343.

HANG N s
CS,, Pb(OAc),
> +
XY e LI

J. Chem. Soc. Perkin Trans.1, 1981, 413.

5.8.3 Some unsaturated four-membered rings

”jo ”1 [ NCO,Me ”j

NCO,Me N

oxete thiete dimethyl 1,2-dihydrodiazete- 2 3-dihydroazete
1,2-dicarboxylate
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