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ABSTRACT

The synthesis of a biologically active phosphodiester, sucros-6-yl D-glucos-
2-yl phosphate, corresponding to the tentative structure first proposed for
agrocinopine C, is described. The key step in the synthesis is the coupling
between a protected glucos-2-yl hydrogenphosphonate and a sucrose
derivative unprotected at the 6 position. The synthetic compound proved to
be nonidentical to the native material, thereby initiating a renewed structure
elucidation.

INTRODUCTION

Agrocinopine C belongs to a class of compounds occurring exclusively
in plant crown gall tumors. These tumors are induced by transfer of a
DNA-segment (T-DNA) from a plasmid (Ti-plasmid) in Agrobacterium
tumefaciens bacteria. The T-DNA is incorporated into the plant cell genome
and codes for the production of opines as well as uncontrolled cell growth.
Outside the transferable region, the bacterial plasmid also contains genes for
opine catabolism, thus enabling the bacteria to utilize opines as nutrient
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sources. Several different opines, associated with different strains of the
bacteria, have been described.l,2 Among these, there are four carbohydrate
phosphodiesters, the agrocinopines A to D. Protected derivatives of
agrocinopine A and B have been synthesized,3 and we have previously
reported the total synthesis of agrocinopine A.4 In this paper we report the
total synthesis of a glucose sucrose phosphodiester, suggested to be the
structure of agrocinopine C.5

RESULTS AND DISCUSSION

Benzyl 3,4,6-tri-O-benzyl-B-D-glucopyranoside (4) was synthesized in
five steps from tetra-O-acetyl-a-D-glucopyranosyl bromide.6 The glucosyl
bromide was dissolved in collidine and treated with benzyl alcohol and tetra-
n-butylammonium bromide’ to give the exo-isomer of 1 in 66% yield.
Deacylation with methanolic sodium methoxide and subsequent benzylation
with sodium hydride and benzyl bromide in DMF gave 2 (83%).
Mercury(II) bromide-catalyzed rearrangement8 with benzyl alcohol in
refluxing nitromethane gave 87% of 3, which was deacylated to give 4
(92%). Treatment of this alcohol with phosphorus triimidazolide in
acetonitrile at 0 °C with subsequent hydrolysis® gave benzyl 3,4,6-tri-O-
benzyl-B-D-glucopyranosid-2-yl triethylammonium hydrogenphosphonate
(5) in 89% yield.

OR OBn
RO 0 BnO 0
RO BnO OBn
0 0 OR
)LOBn
1 R=Ac 3 R=Ac
2 R=Bn 4 R=H

5 R=P(OYH)O"

Sucrose was treated with benzaldehyde dimethyl acetal in DMF and a
catalytic amount of p-toluenesulfonic acidl0 to give a complex mixture of
products. To this mixture an excess of sodium hydride and benzyl bromide
was added. After purification on a silica gel column 2,3,1',3',4',6'-hexa-O-
benzyl-4,6-0-benzylidenesucrose (6) was isolated in 38% yield. A reductive
opening of the dioxane ring to give the heptabenzyl compound 7 with 6-OH
free was attempted. Lithium aluminum hydride/aluminum chloride in
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diethyl ether-dichloromethanell and the method using borane
trimethylamine/aluminum chloride in toluenel2 were tried. Both methods
gave good regioselectivity to the desired isomer but also by-products and
poor reproducibility with yields varying between 20 and 50%.

Condensation of 5§ and 7 in pyridine using pivaloyl chloridel3.14 ag
coupling agent followed by in situ oxidationl5 with iodine-water proceeded
smoothly to give the phosphodiester 9. However, the deprotection of this
compound proved to be difficult. The triethylammonium salt was
hydrogenolyzed over Pd/C at 400 kPa for 7 days to give only minor
amounts of the unprotected phosphodiester together with a mixture of
partially benzylated compounds and products from hydrolysis of the
phosphodiester linkage. The sodium salt was less resistant to hydrogenolysis
but also gave a complex mixture of products.

R;0

OR,

R;0

o OR;

6 Rl,R2-_—BZd, R3:Bn
7 R1=H, R2=R3=Bn

Since this route to sucros-6-yl D-glucos-2-yl phosphate involved both
difficult preparations of compounds 6 and 7 with consecutive column
chromatography of complex product mixtures, and severe problems with the
deprotection of 9, a search for a more convenient approach was made. Our
attention was drawn to work by Otakel6 in which he reports the syntheses of
two heptaacetylsucroses with 6-OH and 6’-OH free, respectively, via a
tritylation-acetylation-detritylation procedure. This proved indeed to be a
less time-consuming way of getting a sucrose derivative suited for coupling
to the H-phosphonate monoester 5. In the procedure by Otake the isomeric
monotritylsucroses were separated prior to the acetylation. We found it as
easy to carry out the acetylation in situ followed by chromatographic
separation of the two isomers. Detritylation of the 6-O-trityl compound in
aqueous acetic acid then gave 8. The structure of 8 was ascertained by
homonuclear decoupling lH NMR experiments showing H-4 of the glucose
moiety as a double doublet at 4.98 ppm.
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Condensation of 5 with 8 followed by oxidation, in the same way as
with 5 and 7, gave the protected phosphodiester 10 in 80 % yield.
Debenzylation of 10 was achieved by hydrogenolysis in ethanol over Pd/C
for 6 hours. Subsequent deacetylation with methanolic sodium methoxide
gave, after anion exchange chromatography on DEAE-Sephadex and gel
filtration, 11 in 41% yield as an anomeric mixture. 1H NMR values,
determined by 2D NMR experiments for all synthetic compounds, are given
in Tables 1 and 2.

OR, OR,

. O
RO O Il R20, OR2

9 R;=R;=Bn
10 R=Bn, R=Ac
11 R;=R=H

However, the 13C NMR spectrum recorded for the synthetic product
was not identical to the one obtained from the native material. A sample of
the synthetic product was submitted to Dr. Max E. Tate, Waite Agricultural
Institute, Adelaide, for comparison with the natural agrocinopine C. Direct
comparison of the natural and synthetic products indicated that both samples
exhibited similar biological activity in their effect of agrocin 84 uptake, but
were clearly distinguishable in their degradative behaviour. This led to a
correction of the locus of the phosphate diester linkage originally proposed
in the unpublished University of Adelaide, 1983 B. Ag. Sci. Hons. thesis data
of Ms. A. Savage, from position C-6 to position C-2 of the sucrose moiety.

EXPERIMENTAL

General methods. Concentrations were performed at 1-2 kPa at <40
°C (bath). Melting points are corrected. Optical rotations were recorded at
room temperature for solutions in chloroform, unless otherwise stated,
using a Perkin-Elmer 241 polarimeter. NMR spectra were recorded for
solutions in CDCIl3 (internal Me4Si) unless otherwise stated, using a JEOL



247

SYNTHESIS OF SUCROS-6-YL D~GLUCOS-2-YL PHOSPHATE

PUPU PU 8YE WBE 86E I¥S PU DU 88
PU PU 6 06 L 8L - Pu  Ppu

[ z9¢ 1 ore vS€ 996 SEV E¥y Svy 6Ty SIY
- pupu

[ tryy )

- 901 THHE

0LE €9E 0¥

. pu pu

L€ T9E 80

A9H POH SH #H £H ZH .I'H49H ®9H SH

vy oty [ 1we 1
79 79 pu
€ec 9 [ o1y )
pu  pu - pu
(eros] [Urvy ]
8L LL - 801
9Ty ¥y £§e §9¢
e SL - 8N
17y Sy eS¢ 99°¢
+yH &H 4I'H Bl-H

‘wnnoads a1 jo Lirxopdwod ays
0} 9NP POUIULINSP 9 10U P[ROd SJUBISUOD Furidno) “Jowowe 3s0on[S o 1e UONBMBYUOd-1 M J0WOST Suneurwop Y3 10J 250Y) e SIS [edIWRY)) °q
*K[uo sluouadxa [EUOISUIUITP-IUO AQ POUIULINIR '8

[ v1v 1 86¢
pu pu

[ 80y 1 9zv
- pu pu
(Lse-Legl Ty
- 911 6VVT
95t Lye 00
- pu  pu
PU PU Elb
9H ®H GH

1s¢

86
LOS
€0l
86y
001
1p'e

¥'é6
(S99

VH

LLre
96
or's
L6
8y’
(A
16'¢
V6
L6t
t'H

65
£01
1794

rot
1254

96
9e'e

¥'6
Syt
TH

ws
Le
156

I
L

o~
e wnien N

v—

I'H

q01

&8

"SIATIBALISP 35010n$ JO suafoipAy Fuu 105 syurisuod Surpdnod HHf pue sy1ys [eorwayd YN Hy ‘T Af9eL

- 601 ¥ET
PLE 69€  LYE
- pu pu
(08¢ - L9°€]  8¥'€
- 0TI THET
LS TLe  8$veE
- pu pu
LYE S9E 08¢
LA
0Ty 1 96
WH ®H GH

£6 88 L8
09t 0Lt LTv
pu pu  pu
[ 19¢ - €8¢ ]
76 06 T6
e €9t 80°S
pu pu  pu
0L'e 88t Oy
96 8T 67
6y 1T¢ te'y
tH ¢H TH

"SOAIIBALISP 9500N[3 Jo suadoipAy Suul 10j sjuesuods Jurdnod HH[, pue sjjiys [eorusyo YN H; 1

1102 AJtenuer €2 €2:0T

1Y papeo jumog

¥i

sy §

9L

oty ¥

08

vy ¢

oS

SL's T

£s

69¢ 1

1-H
J1qeL



Downl oaded At: 10:23 23 January 2011

248 LINDBERG, NORBERG, AND OSCARSON

JNM-GSX 270 instrument or a Bruker AM 500 instrument. TLC was
performed on Silica Gel Fy54 (Merck) with detection by UV light when
applicable or by charring with sulfuric acid. Column chromatography was
performed on Matrex™ Silica Gel 0.035-0.070 mm (Amicon Corp.)
3,4,6-Tri-0O-acetyl-1,2-0-(1-benzyloxyethylidene)-a-D-

glucopyranoside (1). 2,3,4,6-Tetra-O -acetyl-a-D-glucopyranosyl
bromide6 (8.22 g, 20 mmol) was dissolved in sym-collidine (20 mL) and
benzyl alcohol (2.1 mL, 20 mmol) was added. The mixture was warmed to
50 °C, and tetra-n-butylammonium bromide (2 g, 6.2 mmol) was added.
After 15 h, chloroform (50 mL) was added and the diluted reaction mixture
was washed with 2M aqueous HCI, saturated aqueous sodium
hydrogencarbonate and water. The organic phase was dried with sodium
sulfate, filtered and concentrated. Purification on a silica gel column
(toluene-ethyl acetate 4:1) gave 1 (5.82 g, 66%), [a]p +20° (¢ 1.1, pyridine).

Anal. Calcd for C21H26010: C, 57.5; H, 6.0. Found: C, 57.4; H, 6.0.

13C NMR:$6 20.7, 21.0, 63.1, 65.8, 67.1, 68.2, 70.1, 73.2, 97.0, 121 4,
127.5-128.4, 137.5, 169.1, 169.9, 170.6.

3,4,6-Tri-O-benzyl-1,2-0-(1-benzyloxyethylidene)-o-D-
glucopyranoside (2). Compound 1 (1.02 g, 2.3 mmol) was dissolved in
methanol (15 mL) and 0.1 M methanolic sodium methoxide (0.15 mL) was
added. When TLC (toluene-ethyl acetate 2:1, ethyl acetate-methanol 4:1)
indicated complete reaction, DMF (15 mL) was added. The methanol was
evaporated and benzyl bromide (1.75 mL, 14.7 mmol) was added. This
solution was then added dropwise, with stirring, to a suspension of sodium
hydride (0.64 g, 14.7 mmol, 55% in mineral oil, washed twice with dry
hexane) in DMF (§ mL). After 2 h, excess reagent was destroyed with
methanol, and the reaction mixture was partitioned between water and
toluene. The aqueous phase was extracted twice with toluene and the
combined organic phases were dried with sodium sulfate, filtered and
concentrated. Purification of the residue on a silica gel column (toluene-
ethyl acetate 12:1, 1% pyridine) afforded 2 (1.12 g, 83%), [a]p +14° (c 0.5,
pyridine).

Anal. Calcd for C3¢H3807: C, 74.2; H, 6.6. Found: C, 74.2; H, 6.7.

13C NMR:8 22.1, 65.6, 69.3, 70.6, 72.0, 73.0, 73.5, 75.1, 75.8, 78.7,
98.0, 121.4, 127.5-128.6, 137.8-138.2.

Benzyl 2-O-Acetyl-3,4,6-tri-O-benzyl-B-D-glucopyranoside
(3). Compound 2 (1.12 g, 1.9 mmol) was dissolved in nitromethane (20
mL). Benzyl alcohol (0.4 mL, 3.9 mmol) and mercury(II) bromide (0.23 g,
0.64 mmol) were added at room temperature. The reaction mixture was
refluxed for 30 min. After quenching with pyridine and evaporation of the
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solvent the product was purified on a silica gel column (toluene-ethyl acetate
9:1) to give 3 (0.97 g, 87%). Recrystallization from toluene-hexane gave
crystals with m.p. 64-66 °C, [a]p -24° (c 1.1, chloroform).

Anal. Calcd for C3gH3g079: C, 74.2; H, 6.6. Found: C, 74.1; H, 6.6.

13C NMR:$ 21.0, 68.8, 70.4, 73.2, 73.6, 75.2, 75.2, 75.3, 78.1, 83.1,
99.8, 127.7-128.6, 137.5-138.3, 169.7.

Benzyl 3,4,6-Tri-O-benzyl-g-D-glucopyranoside (4).
Compound 3 (0.83 g) was dissolved in dichloromethane/methanol (1:1, 9
mL) and 0.1 M methanolic sodium methoxide (1 mL) was added. When
TLC (toluene-ethyl acetate 6:1) indicated complete reaction, the solution was
neutralized with Dowex-50 (H') and concentrated to give crystalline 4 (0.71
g, 92%). Recrystallization from ethyl acetate-hexane gave crystals with mp
87-89 °C, [alp -24° (¢ 1.0, chloroform). Lit.17 mp 87-88 °C, [alp -25° (c
1.2 chloroform).

13C NMR:$ 69.0, 71.2, 73.6, 74.9, 75.2, 75.2, 75.3, 77.6, 84.6, 101.8,
127.8-128.6, 137.3-138.7.

(Benzyl 3,4,6-Tri-O-benzyl-p-D-glucopyranosid-2-yl) Tri-
ethylammonium Hydrogenphosphonate (5). To an ice cold solution of
imidazole (1.94 g, 28 mmol) in acetonitrile (50 mL) was added PCl3 (0.75
mL, 8.6 mmol) and shortly thereafter triethylamine (4.2 mL, 30 mmol).
The mixture was stirred for 15 min, whereafter a solution of 4 (1.08 g, 2
mmol) in acetonitrile (50 mL) was added dropwise during 30 min. The
reaction mixture was left for 2 h at room temperature, then water (5 mlL)
was added and the stirring continued for 30 minutes. The reaction mixture
was concentrated, and then co-concentrated with pyridine-triethylamine
(4:1, 25 mL). The residue was partitioned between chloroform and 1 M
aqueous triethylammonium hydrogen-carbonate. The aqueous phase was
washed three times with chloroform, the combined organic phases were
dried over sodium sulfate and concentrated. The product was purified on a
silica gel column (ethyl acetate-methanol 9:1) to give 5 (1.29 g, 91%), [alp
-20° (¢ 2.0, chloroform).

Elemental analysis was performed on a sample of the free acid obtained
by passing a sample of § through a Dowex S0(H*) column. Evaporation of
the solvent methanol gave a crystalline material. Recrystallization from
methanol gave mp 144-146 °C, [a]p -24° (¢ 1.0, chloroform).

Anal. Calcd for C34H3708P: C, 67.5; H, 6.2. Found: C, 67.5; H, 6.2.

13C NMR:3 68.6, 70.9, 73.5, 75.0, 75.2, 75.5, 77.7, 78.0(Jcp 6.5 Hz),
83.3(Jcp 4.1 Hz), 99.6(Jcp 2.3 Hz), 127.6-128.5, 136.7-138.1.
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2,3,1',3',4',6'-Hexa-0 -benzyl-4,6-0 -benzylidenesucrose (6).
Sucrose (2.5 g, 7.3 mmol) was dissolved in N,N-dimethylformamide (100
mL). Benzaldehyde dimethylacetal (2.2 mL, 15 mmol) and p-toluene-
sulfonic acid (0.2 g, 1 mmol) were added. After 12 h, the reaction mixture
was concentrated to approximately half the volume. Benzyl bromide (10.4
mL, 87 mmol) was added, and the mixture was then added dropwise to a
stirred and cooled (ice) suspension of sodium hydride (3.9 g, 89 mmol, 55%
in mineral oil, pre-washed twice with hexane) in N,N-dimethylformamide
(10 mL). After completed addition, the reaction was left with stirring for 2
h at room temperature. Excess reagent was destroyed by addition of
methanol, and the reaction mixture was then partitioned between water and
toluene. The aqueous phase was washed twice with toluene, the combined
organic phases were washed with water, dried over sodium sulfate and
concentrated. Purification by repeated silica gel column chromatography
(toluene-ethyl acetate 15:1) gave 6 (2.7 g, 38 %), [alp +36° (c 0.72,
chloroform).

Anal. Calcd for Cg1Hg2011: C, 75.4; H, 6.4. Found: C, 75.8; H, 6.6.

13C NMR:$ 62.8, 69.0, 70.7, 71.6, 72.6, 72.8, 73.1, 73.3, 73.5, 75.2,
78.6, 79.3, 79.5, 81.4, 82.2, 83.6, 90.5, 101.2, 104.6, 126.2-128.9, 137.8-
138.3.

2,3,4,1',3',4',6',-Hepta-0 -benzylsucrose (7). With lithium
aluminum hydride/aluminum chloride: Compound 6 was dissolved in diethyl
ether-dichloromethane (1:1, 10 mL/mmol). Lithium aluminum hydride (4
equivalents) was added and the mixture was warmed to reflux. Aluminum
chloride (4 equivalents) in diethyl ether (5§ mL/mmol 6) was added dropwise
to the boiling reaction mixture. When TLC (toluene-ethyl acetate 6:1)
indicated that all starting material was consumed, the temperature was
lowered to room temperature and excess reagent was destroyed by addition
of ethyl acetate. Water was added to precipitate aluminum salts, the reaction
mixture was filtered through Celite and then partitioned between diethyl
ether and water. The aqueous phase was extracted twice with ether, the
combined ethereal solutions were dried over sodium sulfate and
concentrated,

With trimethylamine borane/aluminum chloride: To a solution of 6 in
toluene (40 mL/mmol) was added 4A molecular sieves, borane
trimethylamine (4 equivalents) and aluminum chloride (4 equivalents) with
stirring at room temperature. When TLC (toluene-ethyl acetate 6:1) showed
nearly complete removal of the acetal compound, the reaction mixture was
treated with Dowex 50(H*) resin, filtered, concentrated, and co-
concentrated from methanol three times.
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The residues were subjected to silica gel column chromatography
(toluene-ethyl acetate 9:1) to give 7 in yields between 20 and 50% as a
syrup, []p +46° (¢ 1.1, chloroform).

Anal. Calcd for Cg1He4011: C, 75.3; H, 6.6. Found: C, 75.7; H, 6.9.

13C NMR:s 62.0, 70.1, 71.3, 71.8, 72.1, 72.6, 73.0, 73.2, 73.5, 74.9,
75.5, 77.8, 79.1, 79.9, 80.8, 81.8, 83.4, 89.1, 104.4, 127.5-128.5, 138.0-
138.3.

2,3,4,1',3',4',6'-Hepta-0O-acetylsucrosel6 (8). To a solution of
sucrose (6.8 g, 20 mmol) in dry pyridine (200 mL) was added trityl
chloride (6.7 g, 24 mmol) in small portions under 4 h. The reaction
mixture was left for 5 days, whereafter acetic anhydride (20 mL, 210
mmol) was added. When the reaction was complete (TLC, toluene-ethyl
acetate 2:1), the solution was concentrated to a heavy syrup and then co-
concentrated twice from toluene. Column chromatography (toluene-ethyl
acetate 2:1) afforded 2,3,4,1',3',4',6'-hepta-O-acetyl-6-O-tritylsucrose
which was detritylated in 60% aqueous acetic acid at 50 °C for 20 minutes to
give 8 in the same yield as previously reported.

13C NMR:$ 20.7, 20.7, 61.5, 63.1, 63.6, 68.9, 69.4, 70.5, 71.2, 74.8,
75.7, 78.9, 89.8, 103.9, 170.0, 170.1, 170.2, 170.3, 170.8.

(Benzyl 3,4,6-Tri-O-benzyl-f-D-glucopyranosid-2-yl)
2,3,4,1',3',4',6'-Hepta-0-acetylsucros-6-yl Sodium Phosphate
(10). Compounds 5 (0.253 g, 0.36 mmol) and 8 (0.228 g, 0.36 mmol) were
dissolved in dry pyridine, co-concentrated with dry pyridine (4 mL) two
times, then dissolved in dry pyridine (4 ml.) and cooled in ice. Pivaloyl
chloride (0.108 mL, 0.90 mmol) was added and the mixture was stirred for
15 min. A solution of iodine (0.182 g, 0.72 mmol) in pyridine-water (96:4,
4 mlL) was added and stirring was continued for 15 min. The reaction
mixture was then partitioned between chloroform and saturated aqueous
sodium bisulphite solution. The organic phase was washed with 2 M
aqueous sulphuric acid, saturated aqueous sodium hydrogencarbonate and
water, dried over sodium sulfate and concentrated. The residue was
purified on a silica gel column (chloroform-methanol 19:1). The eluate was
concentrated and the residue taken up in chloroform-methanol 1:1 and
passed through a Dowex-50(Na™) column to give 10 (0.361 g, 80 %), [alp
+21° (¢ 1.1, chloroform).

Anal. Calcd for CeoH70NaO326P: C, 57.1; H, 5.6. Found: C, 57.2; H,
5.6.

13C NMR:8 20.7, 20.8, 62.9, 63.9, 64.4, 68.8, 68.9, 69.5, 69.9, 70.4,
70.8, 73.4, 74.8, 75.3, 75.5, 75.6, 76.8, 76.9, 77.5, 79.2, 84.7, 89.8, 100.6,
103.9, 127.7-128.6, 137.2-138.2, 169.9-171.3.
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Sucrose-6-yl D-Glucos-2-yl Phosphate, Sodium Salt (11).
Compound 10 (78 mg) was dissolved in ethanol (8 mL) and hydrogenolyzed
over palladium on charcoal at 400 kPa for 6 h. The catalyst was filtered off
and the solution was concentrated. The residue was dissolved in methanolic
sodium methoxide (5 mL, 10 mM). When TLC (ethyl acetate-acetic acid-
methanol-water 5:3:3:2) showed complete reaction the solution was
neutralized with Dowex-50(H*). The ion exchange resin was filtered off
and the solution was concentrated to dryness. The residue was taken up in
water and subjected to a Sephadex-DEAE column and eluted with a sodium
chloride gradient (0-0.4 M). All fractions containing 11 were pooled and
lyophilized. Gel-permeation chromatography on a Bio-Gel P-2 column
finally afforded pure 11 (15.3 mg, 41 %), [a]lp +52° (¢ 0.9, equil., water).

Anal. Calcd for C1gH32NaO19P-H20: C 34.6; H 5.5. Found: C 34.7; H
5.5.

13C NMR: (D70, internal acetone §=31) & 61.3, 61.4, 62.1, 63.4, 65.2
(Jc,p=5.5 Hz), 69.8, 69.9, 70.2, 71.4, 72.0, 72.2, 72.3, 72.3, 72.4, 73.1,

74.9, 76.0, 76.1, 76.3, 76.3, 76.6, 77.1, 79.5, 79.6, 82.1, 91.6, 92.7, 92.8,
95.8 (Jc,p=4.6 Hz), 104.4, 104.4.
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