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Recombinant Cells and Samarium Salts
in the Carbohydrate Chemist's Toolbox

Outline for this lecture :

- minimize chemical steps Through the design of
-maximize efficiency ” - new strategies
(productive bond formation) - new reactions
M@

Carbohydrates: Chemical and Biological Tools

Carbohydrates and synthetic chemistry
- Starting material in stereoselective transformations
- Chiral auxiliaries
- Chiral ligandsfor catalysts

Chemical toolsfor glycobiology
- Enzyme substrates (inhibitors)
- Immobilized ligands (epitotes) or circulating biological signals




Fabaceae-Rhizobiaceae Symbicsis

* Atmospheric Nitrogen fixation (approx. 100 Mtons/year,
equivalent to the industrial production of nitrogen-containing
fertilizers)

* Symbiosis between

- asoil bacterium (rhizobium)

- a plant (Fabacea, or legume: pea, vetch, alfalfa, acacia, bean,
soybean...)

e Traditionnally used, since the Roman Empire, for human and
cattle feeding, and soil enrichment.

Rhizobia on a root hair I Medl((;&llfgatlnf:)r:ltlva

Nod Factors
*Nod Factors are bacterial LipoChitoOligosaccharidic structures (LCOs)
involvedin the early stage of Rhizobium/Legume symbiosis.

*Theyinduce the formation of new organs on the plant roots, called
nodules, that will host the bacteria.

* The signal perception pathway is still unknown and is the subject of
many biological and biochemical research.

§ NHAC %‘
O)\/\/\/\N\/\/

Synthetic Nod Factors
NodRm-1V, a Nod Factor produced by induced nodule formation on
Sinorhizobium meliloti alfalfa roots.

N. Demont-Caulet, F. Maillet, D. Tailler, J. —C. Jacquinet,
J.—C. Promé, K. C. Nicolaou, G. Truchet, J. -M. Beau,
J. Dénarié, Plant. Physiol., 1999, 120, 83-92




Chemical, Chemoenzymatic or Whole Cell Approachesto
the Carbohydrate Core of the Nodulation Factors

Controlled Chitin
e ml‘yV from shelffish, squid bone, . Hydrolysis OH
HO:
| %WH
Oligomers Monomer
(chitobiose, -triose, -tetraose,...) (Glucosamine = GIcNH5)

Enzymatic and \ / )
chemical modification Total synthesis
H NHAc NHAC
HO
MWWOSOG b

NHAc

/ ‘\Chem ical modification

Overproducing strains of Rhizobium Programmed recombinant cells (E. coli)

Total Synthesis: Building Blocks and Strategies

.a b o C
Synthetic problem: How to selectively o0, | Hoget |O H(wm*f‘.;
differentiate hydroxyl and amino groups HO. " O%HO O~
in a chitin type fragment? dﬂA-/\/\H/\/—\/\/\/OR

O = -

Glycosyl donor Key glycosylation reaction (%yiel d) Overall yield
a b c

op
Logical outes NS, 50%<¢ 60%¢=156% | 1% K C.Niokou, 1952

) R o f
-D th ticipat
atog?zr with a participating group % 61% —> 72%<:| 58% 2% L.-x. Wang, 1994

- Oligomer from the reducing end

oP

Unusual route POSI=23

b _cc,  91% —>80% ——»91% 8% J.-M. Beau, 1994

- Donor with a non-participating group TC
at C-2 (Sy2reaction at C-1)

- Oligomer from the non-reducing end




Nadule-Inducing Activity of Synthetic Nodulation Factars (NFs)
OBn OBno
proten D. Teiller et al, 1994, J. Cherr. So
. Teiller et al, , Je €. XOC.
s~ O NN Chem, Commun, 1827-1828.
Unit A Units Band C UnitD
v% A,91% B 80% C 91% © mo'

NG cel Bgﬁc&sﬂl %\oﬁ %/P N d co
o= 3 3
Bno \Mj COOBn O\IE::

@B NHAc g NHAC
HO —OH
. NH \%//\0 NHAC z

O)\/\/\/\/M/\/

NodRm-IV (Ac, S)

Plant trested with
synthetic NFs

Plant treated with
natural NFs

ommcuecs o N

Plant Physiol., 120, 83-93.
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Recombinant ChitoOligosaccharides

1. Plasmid construct containing the nod genes (and a"selection" gene - ampicillin resistant gene-
2. Highdensity E. coli cultures by selection of a good strain producer
selection of the best carbon source

o AcHN ol ACHN

pBCRm nodc O HO \O O HO ~OH
O o HO O 0
OH

NH3 OH NHAc
HO OH recombinant
/Y E. coli cells

OH
AcHN
rodH ( J occ /0 "OH
— O HO 0}
nodB NHAC 0503-
nodC: UDP-GIcNAc transferase E. Semzinet a., Carbohydr. Res., 302, 1997, 35-42

nodB: De-N-acetylase E. Samanet d., J. Biotechnol., 72, 1999, 33-47

nodH: Sulfotransferase

N. Riva, B. Vauzeil les




b-Selective Alkylation of Unprotected N-Acetyl Glucosamine
and Chitooligosaccharides

OH OH Isolated yields OH
—
HO Q BT  ho 0 H Q
HO ~-OH HO —~—== + HO
NHAC NHAc ACHN Y=
NaH, DMF 82% b:a 7:1 12%
85% ba 17:1 5%

LiBr increases the b-stereoselectivity NaH, DMF-LiBr

OH SOz;Na SOz;Na
S0,.Pyr, Pyr, 0°C Br —=
—————— HO O HO!
HO
OH HO: ~OH N HO: O—==
aH, DMF
NHAc

HO .
NHAc NHAc
54% 81% bonly
O Q 2
HERR oz HERR 0 L) o)
NHAc NHAc NHAC
60% 75% 58%
B. Vauzeilles S. PAmier, B. Dausse, Tetrahedron Lett., 2001, 42, 7567-7570
Standard procedure
OH H
1.Ac,0, Py o
HQ 2.AcCl,AcOH HO! o
o OHA 3 Hgal,, Allyl acohol HO —=
HAc 4.MeONa, MeOH NHAc
GlcNAc

A aurprisingly clean transformation (chemo-, regio- and stereosdective)
What happened to the side-reactions?

" Sugars are profoundly affected by alkalies even under very mild conditions...with
isomer izations, fragmentations, and internal oxidations and reductions.”

in The Carbohydrates, W. Pigman, Ed, Academic Press, New York, 1957, pp. 60-69
same comments in Monosaccharides, P. Collinsand R. Ferrier, Wiley, 1995, pp. 139-144

HO NaH, 13 equiv., \Br, 3equiv.,1t,20h H
HO HO R
HO HO ~
AcHN “OH DMF (or DMSO) AcHN =
[ Ho, o ] 82% +12%a
NaH HO HO HO!
At N HO%Na
HO Br
HO Nﬂ%? 'I‘ z AcHN 2
HO HE? Na,
HO o
Lo HO Na = AcHN R K H
H S Hi -0 Na
\
0e--=3Na=—|_ HO  NHAc /AcHN\
HO Q L | _
HO




ChitoOligoSaccharides Allylation

Ol ACHN B,—\/
Ho 0 HO oH
HO © o
NHAc Lo NaH DMF
LiBr
OH ,—\?
Nt D

OH
QO HO

NH AC
Hn?o (e] HO

NHAc OH

N HAC § N HA§O E

NHAC

Br—="
OH .
NaH DMF

O HO
NHAc

NHA

NaH, DMF
LiBr

B. Vauzeilles S. Pamier

r
OH e HBO

AcHN
O HO
NHAC

64% (b/a~11:1) b/a~3:1 without LiBr

o]

NHAc H ACHN
o HO
J
o

N HAC

68 % (b/a ~ 6:1)

OH ACHN
0 HO o HO

NHAc NHAC
58 % (b/a ~ 8:1)

O ACHN

H OH
NN
R BT
nHae Lon

M'O
o HO

57 % (b/la ~ 9:1)

,B. Dausse, Tetrahedron Lett., 2001, 42, 7567-7570

Construction of a Monofunctional Probe

@ NHAC
HO
Ho

NHBoc OH

NHAc

Gl ACHN

Q HO Q  HO—~<Lg~0~F
O d HoA—= \%o
OH

o]
1Hs~Lome hn
2. CF4CO,H

1. Acyl chloride

o
(CL NHAC (Gl NHAC ~ A 2. KOH, H,0
HO O HO o O  HO o s OMe
HO e} g Ho. 0o
CF3COOH;3N OH NHAc OH
NHAC el
HO \?&I\Q 3 HO\?//FO/\/\S
HO A
J\/\/\iH\F\/\TiC/ 2%, 4 Seps
Ki 5nM (NFBS2)
’ , iy
Fluorescent \J
Photoprobes
Probes P

Affinity support

B. Vauzeilles, 2001




Synthesis of N-Alkyl Analogs

NHAc NHAC  NaCNBH, DMF-LBr NHAC
\?’I‘ %f)‘OH awe T %\ #fOH
d Ho
<) ‘\/W\/W

R =Hor SOzNa
PNANAASANAANAS R=H 46% 1
Ac0, NaHCO3 - 50.-
ACOEt-MeOH-H,0 REELTE &8l

M or phogeni c activity of the synthetic LCOs

ao v él S el
WM/

NHAC

R=H 50%

Nodule R =S0;3"Na 57% 2

number

o NHAC
/ 5 weeks #HO #TOH
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!
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The glycosidic bond is one of the most stable in Nature

H m H
o) \O —
HO
Spontaneous cleavage of covalent bonds in biopolymers

OH OH
Half-life at 25 °C, pH 7

- Glycosidic bond in polysaccharides (cellulose) 4.7 x 108 years
- Phosphodiester bond in DNA 1.4x10% years

- Amide bond in proteins 4.6 x 10 years

R.Wolfenden et al, J. Am. Chem. Soc., 1998, 120, 6814.

.but is very sensitive to metabolisation

10'"-fold rate acceleration in the cleavage with glycosyl hydrolases

Drug development may be based rather on carbohydrate mimetics
simpler synthesis
increased chemical and enzymic stability
more (orally) active




CY' electrophile/ C7 nudeophile

A . C7 eledrophile/ Cn nucleophile
C1 radical / C7 unsaturated c7 radica|p/h<:n unsaturataip
C1' nucleophile/ C7 dectrophile C7 nucleophile/ Cn dectrophile
PO
.

T. Skrydstrup, B. Vauzeilles and ..-M. Beau: in Oligosaccharidesin Chemigry and Bidogy - A Comprehensve
Handbook, Vd.1 B.Erng, P. Smay G. Hart, Eds., Wiley-VCH, Weinheim, 2000, pp. 495-530.

J.-M.Beau, B. Vauzeilles and T. Skrydstrup: in Glycoscience: Chemistry and Chemical Biology, Vol. 3B.
Fraser-Reid, K. Tatauta, J. Thiem, Eds., Springer Verlag, Heidel berg, 2001.

OP OH

Hedron Trande and Redudive e dlation

+e-

RZ Rz-l + e- ¢) J.-M. Savéant,
— ' Adv. Phys Org. Chem. 2000, 35, 118
concerted\ /Stepwise R v. Fhys Org em , 9O,
R Zz° |

|

- electrochemistry

- photoinduced electron transfer

- radiolysis

- "homogeneous" electron donors
(metals, metallic salts,...)

Organometallics by "reductive metallation"




Reauctive Metallation: A Long-known Process
in Car bohydr ate Chemistry

Ac OAc
AcO o Zn, AcOH AcO [o)
AcO AcO
AcO gy AcO ZnBr

E. Fischer and K. Zach, Stzber. kgl. preuss. Akad. Wissen. 1913, 16, 311

Na

K, K/graphite

Li/NH3

Na and Li naphthalenide
Zn/Ag graphite

Al amalgam

CO”
Smll
CI’"

Ti'", TiV/Mn/TMSCI
electrochemistry

OAc

AcO
AcO =

Formation of C-Q@ycosyl Compounds Under Barbier Conditions

1,2-transonly h
PO OH

Naphtha ene
Yithi um (LN)
RO /:
RROO'&. SO,Ph

PO
PO PO
PO. —> "o R
P SO,AT P PO

Red uctive metallation

PO oP R0
PO/&B
ﬁ
Fo SOAr
SO,Ph  Napththalenelithium,
-78°C
SO,Py  Smly, 25°C

SO,Py  Smig 1% Nilp, 0°C

PO oP
PO =
PO

+ PO
POA__2

HO R
0% 100%
50% (gluco) 50%

70-90%(manno) 0-10%

70-95%(gluco) 0-15%
70-90%(manno) 0-10%

RROO LN RF?JO _O L ke
El RO
Ro_ﬁg —rO - r:eo_kxI
© RO RO . RO.
LDA EI* O- 2LNRO. (o) H RO
—_— RO%EI — Ro_&lrE *Ro&g—ﬂ
Li

Li
a—C—GchoEsldes

SO,Ph b-C-Glycodd
es

etrahedron Lett. 1985, 26, 6185;
198&189; 6193;

Angew. Chem. Int. Ed. Engl. 1995, 34,
909; Chem. Eur. J. 1998, 4, 655.

1995

ZCDO NicdasMiquel, Gilles Doisneau
Angew. Chem. Int. Ed. Eng.
2000, 39, 4111.




Sl >-I nduced C-Glycaside Formation with Catalytic Nicke at 0°C

OBn

B%‘%ﬁvsoz&-m

OBn

= oo
BnO oH +
~ BnO:
OBn

Smlz, THF

Bn
BnO Q
BnO. =

with or without catalyst

04 6% 2%
2°C 39% 51%
0°C, 1% Nil, 94% not detected
0°C,1% CuCl, 30% 64%
0°C,1% FeClz 79% 17%

[F. Machrouhi et al, Synlett 1996, 633

Nicolas Miquel, Gilles Doisneau
Angew. Chem,, Int. Ed. Engl., (39) 2000, 4111-4114.

Sl o1 nduced C-Glycoside Formation with Catalytic Nicke at 0°C

BnO; BnO BnO OH
BnO Q BnO O BnO
BnO. SO ,(2-Py) BnO:. BnO
BnO OBn BnO
A% 2%
BnO Bn BnO _OBn BnO Bn
OH a9
BnO. SO,(2-Py) BnO! BnO.
OR! OR! Bn
R!=Bn, 0% 82%
R1=Bn,52% (without Nil)
R1=TMS, 25% (without Nil,)
Me O SO, (2-Py) Me
7 o OH
OBn  Bn Bn n
Bn OBn 80%
BnO: OBn BnO OBn BnO OBn
BnO -0 BnO Q BnO Q
BnO BnO. BnO:
SO2(2-Py) HO HO
8% 87%

Nicolas Miquel, Gilles Doisneau
Angew. Chem, Int Ed. Engl., (39) 2000, 4111-4114.




Sl »-1 nduced C-Glycoside Formation with Catalytic Nicke at 0°C

[0}
BnO. oBn 1 Ac,0,CF;COOH HO: OBn 3.PPhg, Iy, Im. NC OBn OBn
BnO' QO 2. MeONa, MeOH Bpo 4.BUsNCN, DMF g .0 O DIBAL-H, -78"E BnO
BnO 0’ BnO 0’ BnO . BnO.
Sve 88% e 80% Lo 80% e

Procedure: Pyrldyl sulfone (1equiv.) with aldehyde (1.5 equiv.) in THF at O°C under Ar;
Add Sm,-1%Nil, in THF;

Workup after 0.5h at 0°C and column chromatography.

BnO—\{3
BhO (o) (=;)H BnO_ oMe OBn
— BnoO = s S

83% BnO 8 ¢ 071

Bn

OBn

OBn

The chiral information comes only
Jyg=13Hz W" from the chiral organometallic
BnO

Jgg =9.5Hz BnO
Jg10=9.5 Hz .
Most populated conform er Nicolas Miquel, Glles Doisreeu
Angew. Chem. Int. Ed. Engl. 2000, 39, 4111

Stereachemical Consequences of the Organaosamarium Asymmetry:
High Diastereofacial Sdectivity

o8
/O ——— <

20
H W E
RH

R [E JHR

T G
BnO Bn
i =0
R BnO! R— R
H BnO
OH OH
anti-isomer syn-isomer

syn/anti = 1.3/1

OBn

BuLi, THF-HMPA, OBn o\)\ BnO ~OBn
e} -78°C o N ,-78°C o ©H
BnO SnBuU BnO Li
BnO: S BnO
OH

BnO
OLi 51% BnO

P. Lesmple, Bioorg. Med. Chem., 1994, 2, 1319




A Mechanigic Prgposd far The Redudi ve Sarrari ation with Catalytic Nidkd

External trap

)

A OP B oP
Electronic Steric control
control

BnO: OBn
BnO:
Bn

Manno series

OBn

Gluco, Galacto, (or
Fuco) series

[Sm”.Sm”'.NiOor Ni', nTHF]
m/soz(zpy) — O_B /

oP
OP'

C-Cbond formation

v@/Sm(m)

OoP

1L
T

elimination
PO sm(

Trapping of the Intermediate Anomeric Radical Under Steric Control

Towards Building Blocks for SialylTn Mimics
(for Synthetic Cancer Vaccines)

OH COOH

HO.

HO OH

|Samarium (ll)-induced C-C bond
X formation (X=Y=C)

Q

i NHFmoc
AcHN y =

COOH
R
R=H ouCHg X =Y=0; SiaylTn Antigen
R=H ou CHg, X=CHj or fonctional C;Y =CH»
R=Hou CHg3 X=CH> orfonctionalC ;Y=0

D-va-lle Thr-AlaPhe- -Glu-Leu-Lys

o N o
H\/\)L N N
N N/\/N\[(\N “N\n/(CHz)lTCH@
e [¢] i o 0

S
K[C))JO\(CHQHTCH?
OJ\(CHZ)JCHa

Z. Abdallah, G. Doisneau




Towards Building Blocks for SialylTn Mimics

Ph o
' A
SO 1. BnBr, Ba(OH),, DMF M H 1. SOCl,, NEtg, CH,Cl, o \OO
2. Hz0" 2. RuCl3NalO, o NBUCN.DMF it
BnO BnO.
AcHN e AcHN 0SNG AcHN S
Me Me Me
. CN .
03S0 1. H,0 TESO
2. TESOTY, Py-cat. DMAP o) Dibal-H, -78°C
BnO _ > BnO - >
AN e 79% ACHNG e 62%
o/ ]
>( i RO NBu,CN, DMF
5 J NBu4CN, DMF 20°C, no reaction or DMSO

= 80° iminati RO OJ — no reaction
AcHN 7 80°C, elimination

Z. Abdallah, G. Doisneau, 2001

Towards Building Blocks for SialylTn Mimics

OAC
AcoPAC A COOMe
Ox Smly, THF, rt
ACHN LCOOMe 1 TR\ —=—— AcHN{ZERR
AcO QAc AcO pac HO
60% leSH, K2CO;4 69%
OAcC
AcO COOMe
AcHN sPy + Om Sl i same product, 82%
AcO oAc
60% lcaI.RuCIg, NalO4
OAc
AcO COOMe
O=
AcHN Q7 ~sopy *+ === MF»’H same product
AcO pAc
0Ac
Aco PAC AcO osml,
Sml, Smi, OMe
—> AchN{ COOMe — AcHN AN —_—
ACO Ghe AcO OAc a-face

R.J. Linharct et al,J. Am. Chem. Scc., 1997, 119, 1480 :
Carbohydr. Res., 1998, 308, 161 Z. Abdallah, G. Doisneau, 2002




Towards Building Blocks for SialylTn Mimics

o) HO
AcoPAC TESO S AcoPAC coome  TESO
Sml,, THF, rt
AcHN%Qf\COOMH BnO —p— AcHl\j@QiLH BnO
AcO OAc ACHNS 1o AcO OAc AcHNL
leSH,choa

Q Re OTES

OAC TESQ \Acoo COOMe A

AcO COOMe o Sml, THF, rt R OBn
I&WLS py * BnO - ¢ OH Me

AcHN AcHN 60800 €O OAc
AcO OAc OMe

Im,CO, CH4CN, reflux
OH Ac
HO OH Acd? OTES
. COOH I — COOMe e
AcHN 3 AcHNzw N SZoEn
H?OHQ OMe AcOdae O bme

Im>l='O

Z. Abdallah, G. Doisneau, 2002

Synthesis of C-GAycosyl Compounds by Reductive Samariation
of Anomeric 2-Pyridyl Sulfones

2-Pyridyl Sulfonederived from | Stereoselectivity Typical yield
a b

D-glucopyranose  (with cat. Nilp) 0 1 70-95 %
D-galactopyranose (with cat. Nil ) 0 1 80%

D-mannopyranose 1 0 70-90 %
L -fucopyranose (with cat. Nily) 0 1 80-90%
D-mannofuranose 1 0 75-95 %
2-acetamido-2-deoxy-D-gl ucopyr anose 4-3 1 50-80 %
2-acetamido-2-deoxy-D-gal actopyranose 203 1 60-85 %
N-acetyl neur aminic acid 1 0 80-90 %
KDN 1 0 85-96 %
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