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The catalytic regioselective Mitsunobu reaction of nonprotected carbohydrates
using organotin dichloride has been examined. Unfortunately, this attempt has not been achieved so far.

The catalytic regioselective monosulfonylation of nonprotected carbohydrates using organotin dichloride
under mild conditions has been developed. The regioselectivity of the sulfonylation is attributed to the
intrinsic character of the carbohydrates derived from the relative stereochemistry between their hydroxy
groups.

A catalytic process for the chemo- and regioselective functionalization of nonprotected carbohydrates
has been developed. This novel process allows selective thiocarbonylation, acylation, and sulfonylation
of a particular hydroxy group in a particular carbohydrate in the simultaneous presence of structurally
similar carbohydrates such as anomers. In addition, the chemoselectivity can be switched by regulating
only the length of the alkyl chain in the organotin catalyst.



B X C—19, F—19, z—19 (Gt@m)

1. WFIERHAR S W) DY 5

PLESERN I ERERAL S - FEEI T, bk
HOE B R R DA/, a2 e
NITNVTAT TV —EEICHLADPIE
T, EEHETREORE-TRERIELRTA
pesitd (K1, #ika), —H T, 2T HHEAE
LB EIT O ECARARLELRBIETH S,
T, HERNPE T OBEEO KB,
K5 IE DIKEEIE D Fr % B4 B0 BRI I
BREET D ZencEE, ABRT
EU DBk 2 e X NOFIE (R, 33K,
T RAX—Te )V ICONBIENY Tl
MR ~OAM IR 5 WA b fiF R
TEAHHLDLHIFFEN S,

PEHE DAL E R IR B e AL IZ B3 B iF%E
T, EO<KBREEAOERGE LTRELT
X7z, —FH T, BRI E R BN
JE O REE S (] 2 0E, HEE ORI
T U NMALRISIC BN T Y T Vb e i = &
FTINZE ) T UMbz e EDDHIE ; J. Am.
Chem. Soc. 1987, 109,3977) &\ o 7= iR EN %
INTWe, Z2O%, R B AT L0R
AW 2 T BEFE O 7 1E B IR0 B B
it (Tnfb, ReDafb, 7Y bl
L) BNERENTELEN, (bFEHREU LD
FTNHRIEEZMAL L, S HITARE S G
P D EO K ER HE T 3 BB O 61— FR K R F
FREL T REEELE L, TFOESR
TRFERERAMEOBIRIC L Y, Trex G T <
OMNDOWFFE TN =TI L > THi< FNn bk
UK BRI R ENGE O T2, BIRT
IS — TR T OB B N7 EHER
7R R E A (7o b, R Uk I
BME->THY (X1, fRi&b), M%7ty i
TR N 5 R CHMD TREETH -
776

protection/deprotection step (a) single step (b)

OH OH OH
Q Q o
A A
R?OR HOoR R?OR
1
2. WIEOHT

TR PECT AREICNE SN D EREL
SENTREDOLZ I, T IaA Nk, ik
FEROME, BEORECEE A I LD &3
5 IS 72 AW F R IS B W CEE R %
B EE L TWD I ENBIELTTICH LN
TWb, 20D, GBI ORREZEDZ
NOFHOW O T TICESHKLE LT
IR BB RIS TS, —FH T, Z
USRS 1R D% < O RCCHM S
IERZA SN TRE LT, BIETHIHRICH
ZERED LN T WD, FDTD, TS5
I DICHEE L, AT 57212 bR
BREMAMINIHEERLLIOZOFEKRT A
77V —EHENIC, @I, REGKT

HZEREFICEETHDLEEZD, LL,
BEXEN AT DB OKEEFED . KEE D KER
FED B a R TR L AL E IR IS E e &
b3 2% Z LI3dERICREECH v . BLIR T3
TRR O PR - LR BE 2 B C 2 B B
BRENTWD, S TIE, S E R
B REIAL ST bk 2 7o 3R EMA (7 X/
BT AHER L) OHWTREMEAKE B L
LT, WHERUG &2 FIH U 72 AR B o fi gt
A VT 53 4R ) B R R A 7 oD BR R L Bk L
7=,

3. WDk

(1) aDp-ZNay R, BbD-HZ77 b K7
EO7 Y av RERE L L, AR Xt
ORI 2 N AL (8 SRR A I AE S I
L7 I VPR IEAKARAT (K2),
(A b, O AT 2 IO KEE
Eod, v A12-VF— L (E2iEy A-1,2-
TNaX) EAL A RFRAICERGR L. BT
LHUBEERT D, TOD, T HKEERED
BetEE 2 BA L, S9ERIC X A7 v kb
INEG\THEITT 5, ZOB. v A-12-U A —
VLD, T X U T AV KEERIX1,3-V T *
VTN EZ T DD, e Ak
77 NU T VK EEFE TALE IR IR ICEIT T
%, #il 21X, methyl a-D-glucopyranoside % &
B LT HBITE D200 KEE I DY, methyl
B-D-galactopyranoside & J£& & F~ 5 BRIX % D3
PERIRFEDBINVBL 7 2 b Abe=%T 5, %
AL, Z 3D FRE D KER I CALIERINMICE
REIEAL N AT 2, HMFZE T, 1IXU®IC
DEAD KX U'PPhy D fFA(E T TARBED BRFS 217
W, EDH%, TR, IR L ORI OGS
b 21T - 72,

T e Ry
HO RO AN . o g
HO HO
HO

OR OR
R = Me, Oc, Ph, PNP etc.

X2

(2) kit (1) ERBEOFIRICEL DT AHE
HIRAKEZRAZ (K3),

OH DEAD, PPh, R'SH oH,
Ho O _ SmorCucatayst ., 2
HO Ho
HO

OR OR
R =Me, Oc, Ph, PNP etc.

X3

(3) o-D-Z)Va¥ K, B-D-HT7 7 hv K7
EO7 Y ay REEELE L, AR Xt %
FAW T ESBIRA A LR = LR S & 8% D
TIHERBIOTFAEETREAKE RS,
Tirbbh, A X Z O CTHREO FFE
DOKEEIEZE ANV K= b LT=t%, 7 /LA
MRoT A — B REAI L T HSNSEIT o
7o (X4,



IS v - re R
HO o} lys HO o} NHR2R HO -0
HO ~S HO S HO
OR 0= OR OR
S0
1
X4

(4 )Lamber & DO F¥E (J. Am. Chem. Soc. 2009,

131,13930) ZFIH LT, A2 A2 v
DO E RN e 7 Ak E REHL
Toth, 7uA Y RIS EIT>TCT 2
JHERBLOTFAEEARTHZ L 25 L
7= (X5),

Ph
X

X

OH Ph OH NHR2R3 kere
Sn catalyst P lyst -
HO o} HO o] d catalys HO (e}
HO o HO X HO
OR OR OR
X5
PasEny
4. WFFEAAR

(1) XU I, AR XA IO fi 15
Z O DAL E SRR YEIERS (DEAD, PPhy)
L. IR LW T o2 8 & LT2ER
WH e BITLRNo72, £ T, MO
FEERERIS L OHDLEERE, & 612, AT o
N BRI B R & TR A A D TR
L. et mat L8, < AE+5
NLESRIN ST TS, e, BIE L
TRV FES D 6L 1 KR FE N B RE R S =1k
BN EEND DB TH -1, HiZhF5eEtm
CTA U7 RE RULREE & S & 7 13
N HE 7R R N B R IR IS SIS L 72 o 72 i
ThdEHEIND,

(2) Wiz, MEBROANLVE=ULERD
T ERBLOTAREO A KA G
L. TOHE—BMETdH 2 FEEON EIRINA A
Wik = ABIEDO B 21T > 72, T DOREE, 5
mol% D Bw,SnCLFTE T, i Tdh 5 PEMPE
TO7V— 2R =rral REEME
w5 L, BENOEMEERRETA LA =
NALDHEST U, B 167 o BLpE 2% L,
ISFED A VR = VI A E AT 25T L
7o (¥6), FTo. ML EMIT T L
THhEH Tz, KkiZ, 7Y NMeawE Hun
TSN2IG Z R AT N, 2 < BUNTETE T,
B % 7 RG22 3 U708 B 70 4 SR 1345
DAL o T, MM E A U7 RME A
{ZRichardson-HoughRll D22 KL 5 & D & HE
BgqIxnb,

3,5-F,-PhSO,CI (1.3 equiv)

OH PEMP (2.0 equiv) OH
BuzSnCl; (5 mol%
Haﬁ 2  ( o) Haﬁ‘
© HOOMe 10%”?% © o ‘POMe
=S=g
98% yield
I3
F
X6

(3) ALEER o T AL EIT o T2, 3

T U0 Al e E OER AR A AV D
ITRAD TN TG ERTT I HER
ST AhED B TERKRT 5 Z & &FHE
L7z, AR Rl 2 F S 2 P8 O N7 ERR
e oAbz at Lt 2 A, B9E L
WP O 61— FkKER 8 o~ 7 Ak LAk
G, BO a7 AL ETT D &Y
\CBERE T D KER IR NS B L CTAE U -
FUERNEL T,

(4) fhBERONT ERIREY 2L s = )L ko F2BRk
AR AT T SR T, TEHET Lx
VI A A D ST AR RE E O N S v — ik
KEEIEZ@RINMIC, BEEHT A AVEEZET D
il I S L — RECALS K0 IR EE 2 ROk R
FEEBIRIIER LT 25 &) ZnETO
WAk & X DA E T ) ~ — LD SR
(B3 KO E O KR IE 2 305k L CE A
fELTWB eV lEEZEXHL, Zo&
WCEoSE, [ iR 2 AWl 7T )~
—IRAY Do~ F 2 IZp BN O E RN
AOfRBER IS ) OBRFIC BB LT, T2 5,
o~ BLOB-Z/ay ROl HREEWIZH L.
X0 ENT XV EH T 5 Me,SnCl, % fil
MEEHIEL L, p-Zvay RO —#k
KEEHKZ, —FH, FVEWT A LEEFT
% 0c,SnCL=°Bu,SnCL & fill it & EH &8 5 &,
o7 vay ROUL BKEBEEEZMES IO
FRRINMICERRE LT L2 RAH L (K
7o ZDOEIIRFERIT. WS OOPEETYH
BRI, —BRNCOBEPRETCHLT /)~
—IRAEYSREEIRAS Y OMMESEE S L
TABAIATE LM N D,

HT
o R'CI OH R'CI OH

o Me,SnCl, o Bu,SnCl, o
HO <——— HO — > HO
HO S OR HO S HO S
OR i OR
(ol = 111)
X7

5. TARFERm IS
(WFFERFKE . W0 L M O IEE 12
=)

CdessEm ) (Gt 3 1)

(O Wataru Muramatsu, Recent Advances in the

Regioselective Functionalization of
Carbohydrates Using Non-Enzymatic
Catalysts, Trends in Glycoscience and

Glycotechnology, 7 @t A, Flkil 9, DOI:
10.4052/tigg.1502.1.

@ Wataru  Muramatsu, Yuki Takemoto,
Selectivity  Switch  in  the  Catalytic
Regioselective Functionalization of
Nonprotected Carbohydrates: Selective
Synthesis in the Presence of Anomeric and
Structurally Similar Carbohydrates under Mild
Conditions, The Journal of Organic Chemistry,
A, Vol. 78, 2013, pp. 2336-2345, DOI:




10.1021/j03024279.

@ Wataru Muramatsu, Chemo- and
Regioselective Monosulfonylation of
Nonprotected Carbohydrates Catalyzed by
Organotin Dichloride under Mild Conditions,
The Journal of Organic Chemistry, @t H,
Vol. 77, 2012, pp. 8083-8091, DOI:
10.1021/jo301353k.

(EaREK] GF 3 1)

(D Wataru Muramatsu, Yuki Takemoto, Chemo-
and Regioselective Functionalization of
Non-protected Carbohydrates under Practical
Conditions, 245th American Chemical Society
National Meeting & Exposition, 201344 7 7
H ~ 11 H, Emest N. Morial Convention
Center (New Orleans).

@ Fa ¥, BASEE T CORKT T A
FW 2 RN IE ORI T ) ALR =
b, F31E H APEFE FaFa, 2012459
A17H~20H, BRETRIEAR—/ (B
R - BT .

@ A thlf, ks ¥, REA IR, AT
TR D 5y 7R EE & 75 L 7B O

BRI ERER L, H31H A AR P RFER,

201259 17H ~20H, EIRETRbH
—L (BRI - BEIRET).

(KE) Gt o 1)
7L

(PE 2 PEHE)
ORI G 0 1)
e L

Py i
LR
MR
TS -
i
HFEFEH B -
E N DR

ORI GE 0 1)
e L

£ Fr
LR
HERZE
FE¥E -
i
HFEFEH B -
BUS4EA A -
EWNs DR -

(ZF Dfih)
R Al s

BAL AP

6. HWFZERERE

(D) Wik

Fis ¥ (MURAMATSU, Wataru)
FIR K« El IR AR GEFR) -
Bh#

WeE 5 - 60578714

(2) W9y
ML
WroeE &5

(3) HEHEMF I

BAL AP

WeER S



