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Progress of Mitsunobu Reaction in Construction of
Chemical Bonds

Wang, Xiaolong* Yang, Fang Xue, Ziyan Wang, Xiaoqiang

(School of Chemical and Biological Engineering, Lanzhou Jiaotong University, Lanzhou 730070)

Abstract The Mitsunobu reaction is an effective method for making a new chemical bond by condensation of an alcohol
with an acidic compound. It can be applied for the construction of C—0O, C—N, C—S and C—C bonds, and has been widely
used in the synthesis of natural products and functional organic molecules. In this review, the mechanism of the Mitsunobu
reaction and its application in the construction of chemical bonds are introduced. Moreover, the regioselectivity of this reaction

is systematically summarized.
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CO,H

R

reaction

2007 4, Prakash 2510 1-56- — CREERLEL) e fl
BEAE Mitsunobu SN 2& 11 DB BE T b — i i, A%
Je FH 8RO 5 Bk 25 R B I 5 A3 2 T R B
(Scheme 19). 1% [ B H A PRAE 5 24 B 37 A i Bk v 55
e, WTH T & — S EEAYMER T, WEH
FAL I vitamin D, J2 7 % &),

oRM o o RR o m F
WX Roon QN2 Mo [

077 [Xp PPhyDIAD o//? ?Qo MeOH
Ph Ph Ph  Ph

R = p-tolyl, CHz(CHy)7, Ph,CHCH,, efc.

B 19 EEH Mitsunobu i FF 310
Scheme 19 Mitsunobu fluoromethylation of alcohols

3 Mitsunobu iz M /Y X% 514

Mitsunobu & N f LAY FRFAIE 2 B R IF I SRk
P, RIRSE TS S N, 85215 20 A
PIF=H, 1% —HF s AR AR 2 O T TE 8 DLANEE . 5 itk
FALE, TR Mitsunobu J2 W [ X 3 436 4 U 45 /b i
Jo, AE DME LR HE H A OO AR LA B, R
HAE N E BT RGP ) mFsE L, 45F
2L L S Y5 5 Mitsunobu [N, #5734
(A FEERR I . A7 FHEETT T 2200, A R N AR 2 R L H
TRIF B X SR e, o R 214 AT BRI,

2002 4, Ko**4 a,f- —F IR BRER 4 ) 5 2K R -
B AR ST R ER I e £R(PPTS)#EAT Mitsunobu [ v,
SE IR RSB p-Lr R EAL =Y, SRl T R RIIX
BRI, [FRS B-TFHERRAIM B R A T B (Eq. 5).
Ko WATE of-ZFIERIREEH, T BaEE M0 124
R, {15 o-FRIE L p-32 Ik BT SRR 1, T p-FR AR
FRR R T BAEE RN, R, fE
Mitsunobu Jx N 4:4F R, SEHEIRFISMS g-FHRE
S

OH Nu
R/'\/COQEt DEAD, PhzP /k/COZEt
: NuH RO Y ®)
OH

R = CHj, Ph, i-Bu
NuH = PhCO,H, HN;, PPTS

By fe R IR PEAF AE 22050, S5 WFEAT Mitsunobu Jx
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IS AH, 2 I H 5 (0 X Sk 2 . 40 Cravotto HfF 702014
¥ 6,7- R EF EH NG L S M I S A 7
R A R 1T Mitsunobu SRS, BT 7-FR SRR M
5w, FrUAEEARN T 7-RE R Y(Eq. 6).

ROH

H H
ultrasound
HO 0" "0 THF RO o” "0

R = CH3, Prenyl, etc.

2010 4E, AWK 3,4- 2 FLIRHFEEA 3,4-
TRITRFR FEE S 9 58T Mitsunobu &, BT
i JE RN B IR L T A8, (649 4-FR 3L LE 3- 3R L L
A E SRR YE, BT UL SN R B T AR 4 i X sk ik B
P, EEAG R 4RI S I (Eq. 7).

HO HO
P g

EWG = CHO, CO,Et
R = Me, Bn, n-Bu, p-CH30Bn, PhCH,CH,, etc.

_RZOH RO—@—EWG )
PhsP, DIAD

63% ~ 84%

2012 4, Dunford 257050 F 3 il A B 6 A0 3k
FHI R &Y 5185347 Mitsunobu N, 455 i
RAAE SR AR E M R T (B, 8). X2 K it
JE LU B B TE SR ) R H TR T, A e I R T O 1)
N—H BB HEERYE, B e & e 7B .

OH
Ts N R’ R Ts N
COR —————— 'S5y >
N PhsP, DIAD JN\ COR  (8)
R" "R?

R = Me, OMe, OBu-t
R" = Me, Bu, i-Bu, etc.
R2=H, =—Bu, =—FPh , etc.

64% ~ 91%

A Z AN E AR A EIAE Mitsunobu [ B HT[R]
FEAR 2RI H AR 1 0 X 3E #6PE. W0 Hindsgaul B 70
ZH MDA LR (vitamin C)FIEEHEAT Mitsunobu J2 N IR,
R4S 2T 3-47 F e o AL IR PR M (Bq. 9). BUAR
Hindsgaul 3+ A2 2 1% Mitsunobu N SR PEF L R, (H
PR MER A DY F2 e v, ol T 3R (W F 75 3 RURY,
3L FR T TR 1 4 A B SR I

HO pH HO OH
6 5 (ONY] o) LOH> \ (@) o (9)
43 —/, DEAD/PhzP o
HO OH THF/DMF RO OH
vitamin C

63% ~77%
R = Me, Pr, Bn, octyl, allyl
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2002 4F, Appendino % VxS iy B2 ANy BE 1] f)
Mitsunobu N HEAT THFFL. RAE M R SRR DL
B S Wy R AT Re kK AR AR, B TLSE SRR,
RIS T ARGE () X S B, 2R R A R I R
B 5 PR E B 55 1 W 2 ik 2 (BRI AE B 17 AH L (1) 32 R B
(Scheme 20).

R'CO,H

0]
I,
OCR
—_—
PhsP, DIAD HO
THF OMe

67%
R" = n-CgHy7

COZH RZOH COzR2
—_—
PhsP, DIAD HO

THF OMe
78%
R2 = PhCH,CH,

CO,H

Ph3P, DIAD J\Qi
+ —»
HO

48%
B 20 R S5E Mitsunobu Eifb

Scheme 20 Mitsunobu esterification of phenolic acids and al-
cohols

PLE A X 3% 3 14 Y Miitsunobu 52 #1555 3 P 2
BB AR Z A R, SRAKE, RMPAFE—ER
e, B HRMEAEME AN RER N, 2itdksS
PRt B 55 R S ARG, 1T Uit 5 LN R T 2k A I B
BF, T2 P55 IR 1 A o 1) 35 A A .

1A W) BT 1 2 ] AL BEAS [R], AT BE 2 R
Mitsunobu B[ X I FEPE. 2008 4F, Wang 25P00K
2,3 B A PSR A BB AT AR 2 il 5 R R R AT
Mitsunobu M, BT 2-0EFFHEANFE/NT 3-A 53,
FrCA R EAR3 2-f BRI AL = P)(Scheme 21). 74k,
SNE R 2, TP Bk R R PR 5 OR R AR R, U B R

HO  OH

Ph Ph
o o
o)
Eoo
HO

(e} BzOH
(@]
HO Ph;P/DEAD
THF, 90%

OH ’ OBz
P 0 — 2 pvo
HO PhsP/DEAD AT
OH  THF,94% 0Bz

B 21 BT MIER M Mitsunobu Jx B
Scheme 21 Selective Mitsunobu reaction of monosaccharide
derivatives

36 http://sioc-journal.cn/

© 2015 Chinese Chemical Society & SIOC, CAS

ANAFAE SN2 JIFE, T2 e 28 57 B8 30 B0 Ik e R S 1 I
I IR T 2 5 S R T e

2013 4, AT/ NAP IR 5 FE K Mitsunobu J
NEAT R ST R B, T A B s B AR T N-Je Bk
- O-Fe s34 P2 i) LA LB B s 2 1 AL
PHAS /NG, EEAGBINE N-Geds b r=9, B PR
IF, )3 2A4F 2] O-Fe Ak =¥y, 1A LB A I 215
B PSR PR = )(Bq. 10).

0 0 OR
ROH
Ol s Ol (L
S~ 3 S~ S~
/0 /0 // >0
4 THF O/ &
R Yield/%
CHy o2 0
Allyl 54 32
Octyl 42 45
i-Pr 20 68
s-Bu 17 62

A Mitsunobu S B 1) X 35 8 14 1T B 2> 52 31 2
R Z B2, U1 Fletcher 25052 S04 40 &4 30 5 — 23 1
3t 4T Mitsunobu SRS, 15EIATZ 9-Mbe 3 L =)
31, )5 31 55— FRER BN E] 27 Z F g
Fe 3L K724 32 (Scheme 22). 7E1tt, 1b&4 30 1 9-ff
HIRRPELL 2-fr 58, T 2-A A7 BREE 9-67 K, X P Al 2%
HFBUR L2 K AEAE 9-fL.

fx

NHBoc

7

N-2SN1 __R'OH
"PhsP, DIAD
N® NHBoc  ryp 4

R', R? = Bu, Bn or j-Pr, etc.

30 6%31 93%
cl
R?OH </N N
PhsP,DIAD N/)\N/R
THF,35°C | Boc

1
85% ~ 93%
32

Ez 22 B4 Mitsunobu 2Bk AL,

Scheme 22  Sequential Mitsunobu alkylation of purine

15JIT, Fletcher W 7041 N AE 3-55 5 S WEme 33 5
1] Mitsunobu SN HURIN, B AERL O-kifb Al N-
B AL A=, TR B SRR AL R SR E IR
RIS DL R R RIS I R AR, HERE AL BRI R
SWEMEIR b AT W R T (AT DL R FR ORI I, SR AT
MR O-Fe A 7= P)(Bq. 11).

P53 S5 R I RS E P2 B E Mitsunobu [V 1
X I3k B, 2009 4F, Krohn AF 7t ZH*M b i) 44 36 33
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OH o)
{ R20H
/ N PhsP. DIAD P, DIAD (11)
R' o 3 R1 \

solvent
33
R! R2 Solvent 34:35
Ph Bn THF 1:1
Ph i-Pr THF 6.7:1

CO,Me Bn THF 2.3:1
CO,Me j-Pr THF 13:1
CO,Me Bn Toulene 3:1
CO,Me j-Pr Toulene 32:1

Sharpless A~ XJ FR XU F2 A1t Or 47 15 2] it 2 —

SR 5 TR 431 P9 Mitsunobu J2 87 PL 77% P77 2 A il
B3 IE-3-IE ] 38 (Scheme 23). R AE&H T /5N I3
SRR BB R, OB R IR R I L TG ER PR A I AR K
W T R X EOREEE, [FIRE, A B R
AT R Rk, AT E-3-RERAL A YA R
P — ST B = AU R AR

OBn
‘ (1) AD-mix-a, t-BUOH/H,0
OTBS (2) TBAF

BnO
O | 84% (two steps)

36

OBn
OH ‘ Phs;P, DEAD

OH

BnO
O THF, 77%
OH

E= 23 Mitsunobu S N & 75 f5E-3-H%
Scheme 23 Mitsunobu approach to the synthesis of flavan-3-ols

2008 4F, Fruit 255 B 4> 7 Mitsunobu MR,
WE = ERER R OCHR, B LA e R A B 1A N ) LT IR

F2¥)(Scheme 24). fEUL, ST XL FEE N 1Z 5 T
et = PeH R E B — IR A,

| . _PhsP, DIAD_
N I OH cH,eN, 98%

Ph3P DIAD
CH3CN 92%

nOH

ol
il

B 24 WEuE L =R BEE A IR

Scheme 24  Selective cyclization of pyridinium triols

o, HIEVER B ARy TN AR, Bl
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Mitsunobu [ W 7= A4 X3 FE . 2004 4F, Brueggemeier
W FEAAONG 2,4- R BE A 2 BE R AW S BT
Mitsunobu S, BT 2-fi 25k 5B R E 1
WA, i HARME S RE R AR I S, T BASORE DA R = 22 A4
BT AN FRFE R e BRI e B AL Y P2 M (Eq. 12).

R R
e e
o BnOH HO (12)
PhgP, DIAD
&) ()
HO BnO  R=H,87%
R = OMe, 95%

4 REERE

25 LTI, Mitsunobu S 81T DA s 25 i) 2 22 Fidk
R, AMUBEA RIGFWSIARIE BN, (0T A i i AL 5
e, M HAEZ R RM R S, 4RI R4
X BRI, A6, ZRNIEBA PR R . AR
15 % J B2 AR AN S AL TRk, Mitsunobu [ B 7E A HL
B AR A K A BN IR, REAE R SR
W) B DRe A ML T 1A B AT SR = B L ZL P /E .
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