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Abstract

Organic azides are useful synthetic intermediates, which demonstrate broad reactivity. Unlike most
organic azides, allylic azides can spontaneously rearrange to form a mixture of isomers. This rear-
rangement has been named the Winstein rearrangement. Using allylic azides can resultin low yields
and azide racemization in some synthetic contexts due to the Winstein rearrangement. Effort has
been made to understand the mechanism of the Winstein rearrangement and to take advantage of
this process. Several guiding principles can be used to identify which azides will produce a mixture
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of isomers and which will resist rearrangement. Selective reaction conditions can be used to differ-
entiate the azide isomers in a dynamic manner. This review covers all aspects of allylic azides in-
cluding their synthesis, their reactivity, the mechanism of the Winstein rearrangement, and reac-
tions that can selectively elaborate an azide isomer.

Keywords

Winstein Rearrangement, Azide, Allylic Azides

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (c)C BY 4.0).

http://creativecommons.org/licenses/by/4.0/

1. RHETEEHE
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SE T AL A BT Sn2 Al SN2 AR S N AH LS G A (] 1(a)), 3B T AR Sn2 7 s B R AR FAEAT
SF(E 1(b). NER RN EIERR S HLEE, Winstein BI85 H 7 A S EALWII T, FEkx Lt
SAIPRAEAFAE-80C F AT Ib R A Ak . W — B S A B THR 2 25°C, RN ETHE A A2
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Figure 1. Mixture by the Winstein rearrangement not Sn2'
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N T DI ESE, Winstein IBAEE T URTA R FRIVA 7R o N 1 SR S (14 7 A A3 5 R~ A
W IIRBER] T0% 7K & PR, £ R 7R R SO (0 F48 R A K I BRI T — AT EE (] 1(b)
A 1(0)) [1] AEIZIRN A, S NGE ARG IR AL — € ORI, (HIXASCBBON R . St
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FEo N T LZRX IO TARRIX R EH plar 4y “mAHHEH" . EFRZHEENLZ, VanderWerf
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Figure 2. Possible mechanisms for the Winstein rearrangement
[ 2. (RETEEHT RERIHLER

2.1. BT

£ Winstein FJFAESCHR,  ABIETE 1 VA TR o B HE S N I3 AR MR . AE— R A A AR AR I
FIFF (LR 70% 17K 5 P EH), X T 2- T i Bl 2-7 I B A, FAEOS AR r All3 i 1 10 £ Bk
20 fif o ISR IZE /N T PO 0 5 HLBE I A2 (R SR AR T GBUT 2 SAE IR P HEAT K SNy [ B
LOTE Cibe AT 35 T4 10,000 i) [7]. AHELZ R, 1,3-FF % 0 55 H Ak R R 7E FR kA R AR 2K OR B -
BT 7R S A IS 5 S N3 A LU A S S e R i v 17 50 5[ 2] TR MRy, S RS L (AR R A L
50 R R KR i - BT R S RS . H TR T BT AR 2 A AR b AT, BT DA HTE I AR S A A
BV R A EE B R R

BEAk, £E 700 K £ P B T H AR DL 218 AL S VWL KAl BN NaNg X B HEE R
SO, X BE— RIS — AN B T ALER[1] [8]. BLANME BREFREE AT I P i B SR HE S N5
)22 RAR, FEATTDLHRER B L8]

2.2. HEE

Winstein HIBAIIE T SR EH N ARSI E[L]. 2- T it S Z MM 2-57 I 2L & Z A
R EL 7 3 A—10 e.u M-11 e.u. (B2 AE I HE . LBEAT 70%7K 5 PR I HH K)o SR A AR (B ST

DOI: 10.12677/jocr.2025.134041 425 HHUL 5


https://doi.org/10.12677/jocr.2025.134041

T4, GKET

TIEAL S AAAE . R THLE S, WA E vIE. TERRNLER S, BT B B3 R m A i sl 20
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Figure 3. Effect of substituents
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I, Topczewski MBI L L # MEHAE & BAL S PIH — DB T EFRic—4 BN, A[3, 3]-o-iIT KL
BB Tt P IIESE(E 4) [5]. ERIUTAR S, S RIFHAL T8 BN ARICHINE 4.1, i RS S
R HHENABRMNED 42, ZMIGEHEEB R BRMAETRRE, AR SN R AEEE RS
Y43, WRKA T3, 3]-o-FEH RN, BN ARCHIRR TRALT K. KL EY 4.3 BRI 4.4,
ROFE 73T RIS BN ARIC CIH 2K (>95%) - X —SKEG A R IER] T AT EHEN[S, 3]-0- EHRHLEL

3. MFIEFMS g

I HE E AR S AAE TRV P B R AL B S R A SRR . Padwa BIBAIRIE 1 —Fb
IR, 1% BB T Y HE S R I S RA STARIE R (& 5(a) 1K 5(b)) [11] [12]. FEMRNH, FTT
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I WE B A AR SR A O™ ) 5.5 2 RS 46 JER A0 FR X i S K AR, 7 ) B A R S AR X A 2 (]
5(b)). Topczewski HIEA5: 25 HH T & B G I A — 0 B A4 1 5.6, Lk Ik 3 5 HE &SP (UL 1E] 5(F))
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OH O

oh CO,Et

'ils N

5.1 l

(o]
N3
CO,E
Y0

Ph 5.2

QH (0]
N CO,Et
Ng N

N3
A ~_COsE
SiPhMe,

d s
' SN COSEL

SiPhMe,

Rhy(OAc),

~80%

single diastereomer

OH

N3
N—co,kt
Y0

Ph" 53

Rhy(OAC),

~80%
single diastereomer

o]

J

Ar H

TMSOTf
TMSOMe

[0}

N

Ar H

TMSOTf
TMSOMe

HN3, PPhy

DEAD

HN3, PPhs

DEAD

[o]

E/g}( Et
S K O,
Ph'

(¢]
T 55

OH
. f&“s
8 "“CO,Et
0 2
Ph 54

o]

/EzglNS
"CO,Et
pr’ O TT?

or N,
NN
Ph N coMe

OR N3
ArWCOZMe

Bn

Ph)i
Ng

5.7

Figure 5. Stereospecificity in the Winstein rearrangement
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3.1 MFEEFM

Tt HE B S SO B SLARE SR, UM SRR A T T B R AE R BREER, 8 A
S AL LS (R 2R, & 6(a)) [5] [11] [13]-[15] [16]. 1H 244 P4 % & & I (K B C AT A (R = R),
BV HE R A R X R EE M, SRR R e i A AR (1 6(b)), 13 BIAME R IIR A [L7]
[18]. £ Carell FIBATE & piZE 2 20 1 ORI 6(C))-

[\ N

No Racemization
a. R/\/‘\ R R/'\/\ R'

Racemization
b N, e Ao

o :
C. / Racemization

3
N3 N3
6 -

o._ 0O

X X

Figure 6. Racemization via the Winstein rearrangement
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i Y H B A S B A R — R R A AN AE TR DL T W R SR (A 7(2) Bor) . EARSNI i
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W, AUEA IR . AT R AN, Topczewski [ H[FIZE 7T 1 % 5 W (e it v e id 72
(I 7(b)) [6]. WFFCABLZ Fhits ) M AR BT A AR A S B L WS R AT e AL . EBARE AL, X —
4550 AN DKR Rt FHEA &4
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Figure 7. Racemization via Lewis acid or via catalysis
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FE—T5 (14 8(a)) [19] [20] [21]. ¥ HAZR S 75 B3R BRIE Bl e AL A0 S A A . L SR AN 8 S
RESS 75 T PRI B AL LT, A SR R e Mt S BB, I AE B2 P I 4 S A
(KR A (1% 8(b)) [5].

a. Single Isomer Observed

N3 N3

F,h/\/\N3 R)\/\COZMe R)\/\SOQPh

b. Mixture Observed

N3

1.3:1
Ph)\/ACOZ‘Bu ) Ph/\/I\COZ'Bu

Figure 8. Effect of conjugation on the allylic azide equilibrium
& 8. HAEM N HERAEBR LY FERIFE

BRIV L] 2 2 2 H A AR AL U IE R 5E (5] 9). Sharpless BIFAACIL, BALAIFEIE 2 f
ST 17 i 3 R A B RO AR SR A A (A A% (1] 9(a) 5 4 9(b)) [22] XAEMIHA vt i T H R AN B 2 [
AT S 2 [22] . BB, Topczewski HIBAAHL, HFRIEMAERE ORI INS , 14 th 2 R A2 SR (i F2 (14
9(b) 5 9(c)). XL RARMENATE RN FEIHABBALARHIG AR BRI G JE BT TR,
FESPHPIRAS R SCHE S MR 1 E 23 L5 0 PO A6 [T (¥ DMSO pKa fB 2 IEARSG . IXFR RN A B AT S AR

FHEF[23].
a. Na 33:67 o
/\/ N N3
b. N3

HON ‘7—33:67 HON\N3

C.

N3
TBDPSON 33:67 TBDPSO\/\'&N\N3

Figure 9. Effect of allylic heteroatoms on the azide equilibrium
E 9. BAEMBLRE T HEAEE R FEI

W5 PR 35 28 AN B 0 T L1 2 52 81568 S A R 19 2 (RS2 BELAE ELAE I ) el o 215 10(a) R R 2 2
BACEILL 2:1 W LCAIAEAE PR P 2540 S A AR [24] o AE AP I S R, Horh— AN ek e 4k, 78 H
G ILAR H C IRV 2] (] 10(b)).

FHOX — 25 510 J5 KR 58 A e A 10 R A A AR AE — RO AR e 1R 2 [RIAL BEAE LR . ZEAL BRI Jk
BRNEPIT (K] 10(c)F1E] 10(d)), HWEER] T RUIILGR[25]. 242 B R A SEAL T2 1w s,
PR G R T AR AETE (] 10(C)) e X P AR A TR R, 3 rp— AN Bk s AR B A M AR e
FHEAEFH (] 10(d))o X FPAH EAE AR T2E 58 U A0 5 O A AR AR 1) S ik, AP 1) 55 — M S
Spino [ BA e FH 78 fir BEEAE i B ok 42 110 TR 25 B B AL B W0 SRR B ME AN IX S B 1 (] 10(e)) &7 L
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Figure 10. Effect of steric interactions on the Winstein equilibrium
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Figure 11. Synthesis of allyl azides
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ELH5OETIF R ZMIGRESENEDIERTTIE, HA RS E A& WS B A BT 28 0
MG E DS & FM IR IR N, 2 8 LM S SRR E T RABRRR N, WX,
TEE PR £k DA e — SeyE AR R 25 (K] 11(a)) [26]. BONMEMEMIG AR T DAL N 2 B ED) . FIFH HNs, =K
BB R W IR — L5 (DEAD) AT B B2 M N BERL AW A AH B M B B AP, (2 HNs B s iENE, 05l
e BA — 52 KU (18] 11(b)) [27] [28]. MEAMFFH — 25 5L R 15k FiE (DPP A RO, il 4 i B #5550 N B B AL
(8 11(c)) [29]- {HiZ il H 2 ik vt R A4 I B . DPPA & B % A HLE B i s, A
DPPA AAIXHME B BLFsEE R AT, ] DPPA i, MK REmME, AHER HNso XRHAR 224
i T RS A 7= GEE I 6 T 5) [30] o s AR LE A 2% 5 0 Vi 1 It T LA 28 2 4 20 -2k B8O R A S AR
M B EA AT 11(d)). X — RN B Zwierzak 38, Al T BFs-OEt, Al TMSN3 K404 P4 i
[31]c 4n4, Bl FERIES 5 TR O FH T AL X — A 2 .

5. HAEREFNSYINA

12 JER T NS B SV G 2 N . Kabalka A P9 5 B R0 & WA N 75 el Ak iR 77)
(¥ 12(a)) [32]. 1908 4, Forster Al Fierz fixi& | fEFRIIAEAE T, MBS B EW T LURAE R, T
B X = Wbk 45 44 (1<) 12(b)) [33]. Ghorai [ATASE A AT B A0 AT LUK A 7 225 8 AL & P e A T e (14
12(c)) [34]. Carell BIBAFEAIR FAEH PPh3 M4 B B AL, KIR A0 A dH B HE I N 2052, ATt T
& S S ZRAR S EL A 4l FE R S AR /N (B 12(d)) [18] M6 PR B BAL S WILE ISR T W] LU RS
B (P 12(e)) [35]. A FH I R0 T BE v f 0 P 4 8 50 S A LS B RIS (14 12(F) [36]. Yang i
T 5N ISR B, A2 i = MmN & 4 4k 8 2 A= B HE I A3 21 T AR &9 (1 12(g)) [37]- 4
AL B A - LRI IR B (CUAAC)TEA LA AN A= PR FR g )7z Af I [38] [39] [40]. Sharpless 1B\
FERFEIEIR T RS B DI R AL AR | B R , RS B & EHF IR ST 1 ik
PEVEARP N BRI S SL (] 12(h)) [22]. BREASL, 30 2 Fh HAR G 8 B T A IX BRI e e R [41]-[43]

ArNH,

Figure 12. Transformation of allyl azides
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g, BRI KR, B FA1C AR BT H 2 Fh 5w Sk 2 il AR FH R 0 2E =
MITTTEA LG B LR S it Kok, BEE X R BOEFEVE B R AT, T
i 22 R A B oA R G ch [aA,  d3E— D40 S iR W EHEE G WA Boh B R A YE . b4
H EHE R AR BB 1557 7 (AKR)H AN e 12, BA R EE R L —FhF PR LA
I PR O A P 0 B A S P Ferh — PR R AT B RE A . X R AN FR G R AL T
— s S. HET, OF AW FBNEU) T A B — 45 T L S B e i R i B B e A1k
J7i%[18] [24] [44].
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