functionalized medical materials, medicines, imaging agents, etc., which help
the early stage recognition and then make the early stage medical therapy
effectively, are the most desired social needs to be achieved.

In our laboratory novel MRI contrast agents, Gd-DTPA-D1-Sugar (DEN-OH)
derivated from Gd-DTPA, were prepared [1, 2]. DEN-OH makes clearer
images of blood vessels than currently used contrast agent, Gd-DTPA, and may
be a potential contrast agent for MRA (MRA: Magnetic Resonance Angiography).
And moreover DEN-OH could make MR images of tumor cells of liver, whose
images with Gd-DTPA could not be made. DEN-OH takes a longer time to be
eliminated from blood vessel. Therefore, DEN-OH provide a novel blood pool
property, however, it takes over 24 hours to be excluded from body. Here, we
designed molecular models, which may afford clearer MR images and be
excluded after appropriate passage of time, and synthesized new MRI contrast
agents with lower molecular weight.

Results and Discussion:
DTPA dianhydride 1 was synthesized from DTPA (Scheme 2) as the core [3].

A O N 0
tic acid, 65 C°, 24 h NN
HOLC™N '\’N"ANACOQHECP;!:::; Al ?3” \C o Hk:g
Hozc) I‘(:oz,l—c ’ o 70
DTPA DTPA dimnhydride 1

Scheme 1

Convergent methods

Convergent methods were applied for the preparation of dendrimer structure of
target molecules. The terminal and core parts (Scheme 1), separately, were prepared
first, and then the parts were combined to construct the dendrimers for Gd(IID)

ligands. Q
hH HN
! ’

L )

Lo terminal

Scheme 2
Synthesis of Terminal

As the beginning of the research, D-(+)-glucono-1,5-lactone was used for
providing the recognition site of organs or tissues at the dendrimer outer shell.
To prepare terminal part, gluconolactone was converted into ethylenediamine
derivative 4 (glucose derivative) by protection of the hydroxyl groups of the
sugar moiety by acetate formation (Scheme 3). The 'H NMR spectrum of 4
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supported the terminal structure. By an alternative synthetic pathway
ethylenediamine derivative 4 was prepared from ethylendiamin protected by a
Boc or a Z group (Scheme 3).

H,N
N S NHBe ~
HNL / 2 <3 AcOm
~ NH,
\ T
A TR =
™~ “NHZ .
3 4
Scheme 3

Overall yields of ethylenediamine derivative 4 were summarized in Table 1.
Method of Boc protection contains a difficult step of deprotection, and then Z
protection route was selected hereafter.

Intermediate Yield (%)

- Protection _
Protection of Protection of ~DProtection

Total Yield(%)

of
BocorZ Acetyl (Ac) BocorZ
Boc 64 66 9 3.8
Z 98 91 72 64

Table 1. Total yield of 4 and yield of synthetic intermediates for each approach.

Synthesis of Ligands

DTPA-D3-Glc(OH) was synthesized by convergent method. The reaction of
DTPA-dianhydride 1 with terminal 4 gave DTPA-D3-Gic(OAc), whose final
hydrolysis of acetyl protected group under basic condition offerded
DTPA-D3-GlIc(OH). The total yields of DTPA-D3-Glc(OH) from 1 was 51%
(Scheme 4).

HO
ACO HN_O, r%(q)

HN_C COH .0 3
DTPA-dianhydride NMN\HN/(‘: ';IF«N\H —_— ﬁ—Nh&c’ \H
——

. 851 A OsH 8N|-bH
ACO H§ OH
A5

DTPA-D 3-Glc(OH)
4 DTPA-D3-Gle(OAc)

Scheme 4: Convergent method
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Divergent method

Divergent method was applied for the preparation of the dendrimer structure
of the target molecules. The process constructs a dendrimer skeleton from
center to branch. Then the first reaction for the present target molecule started
from core part (DTPA dianhydride), and the successive condensation reactions
with spacers and sugars, afforded DTPA-D3-GIc(OH) in a total yield of 15%
(scheme 5).

O?/\N'\’N‘/\N’\?O HzN‘“\O‘F\ r002H,_<0
+ HyN N
Oy’ gozH\,oro N~z — WO N\H

0 LCHozc
Hoz\/o‘z‘éH

O NH,

HO
Glucono-1,54actone HN O, rCOM O
—_— N NNNAN NH
H HOAC y
02 ON H
HOD:
HO OH

DTPA-D3-Gle(OH)

Scheme 5: Divergent Method

Comparison of Convergent Method with Divergent Method

To compare convergent method with divergent method, divergent method
was carried out as shown in Scheme 5 to afford DTPA-D3-Glc(OH) in 15% vyield.
Convergent method (Scheme 4) for preparation of Gd-DTPA-GIc(OH) follows
longer synthetic steps including protection by acetyl (Ac) and Z groups and the
deprotection process, nevertheless, the convergent method gave better results
in the total yield of 51% than the divergent method (total yield of 15%) for the
preparation of DTPA-D3-Glc(OH) for the new ligand of Gd(lll).

Preparation of Novel Contrast Agents Gd-DTPA-D3-Sugar

DTPA-D3-Sugar was prepared for Gd(lll) ligands, which complex formation
with GdCl; - H,0, produced novel contrast agents as shown in Scheme 6.

Ac
ACO AC H
‘%2; HO H
A0 o 0 o HO™=0 o o
~— < HN_ O COy 3
AN AN — . C02
NSNSy i TN AN NH
N }H H oSS ..“'62.
1 Ly |
LAz OAC L7 1 NH
Ho0--Ga% AcOO “.'::;g;: H% OH
e
ACEC‘)“QZOA‘ H,0" HO=>JoH
Gd-DTPA-D3-Glc{OAc) Gd-DTPA-D3-Gic(CH)

Scheme 6: Novel Contrast Agents Gd-DTPA-D3-Sugar
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Experimental Section:
Benzyl Formate Protection Method

Benzy-2-aminoethylcarbamate

To ethylenediamine (4.7 ml, 70 mmol) was slowly added the solution of
Z-chloride (0.2 ml, 1.4 mmol) in 20 mL THF, for 1 h and then the solvent was
evaporated, to afford residue, to which deionized water was added. and
crystallized. The crystal was filtered and the crystal was resolved with toluene
(15 ml X 3 times), whose solution was washed with brine (15 ml X 3 times),
dried over anhydrous Na:SOs, and evaporated to give a colorless crystal 3
(0.268 g, 1.38 mmol, yield 98 %).

Introduction of a Sugar Residue into Protected Ethylenediamine

To D-(+)-Glucono-1, 5-lactone (0.248 g, 1.46 mmol) in 15 ml of DMF was
added 3 and the mixture was stirred for 1 day at room temperature. The
mixture was added into Etz;N (3 ml) and Ac,0 (0.96 ml, 7.3 mmol) at 0 °C, and
then the solution was stirred for 2 days at room temperature. After the
completion of the reaction, extraction of the product from the reaction mixture
with 30 mL ethyl acetate followed by neutralization with agqueous sodium
hydrogencarbonate (15 mL X 3 times), being dried over anhydrous Na,SO4 and
evaporated gave colorless crystal 4 (0.42 g, 0.93 mmol, yield 64 %).
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Synthesis and Bio-activity of Phosphorus Atom Containing Heterocycles or Phospha Sugars Having
Epoxy or Bromo Groups

(*Graduate School of Science and Technology, Shizuoka University; "Graduate School of Science and
Engineering, Shizuoka University; “Graduate School of Engineering, Shizuoka University; Faculty of
Medicine, Hamamatsu University School of Medicine) Mitsuji Yamashita, Michio Fujie, Taishi Niimi,

Maddali Kasthuraiah, Hidekazu Asai, Takuya Suyama, Junko Yamashita, Satoru Ito, Satoki Nakamura

Phospholenes, which have a phosphorus atom in the heterocycles, were converted into phospholanes
or phospha sugars being provided with epoxy or bromo groups by novel chemical procedures. The
prepared phospholanes or phospha sugars was qualified by MTT method to find quite efficient
anti-cancer activity for leukemia cell with a wide spectra, high activity, and specificity as well as for
solid cancer cells, etc.

BV VHEEREEY THLIRAR VUV BEFHRALFECIVILEMICERLL T, =KX VH
BWET o EEFEALEFART VELIWVITY VEORAREIT o, BONT-HHRLREY
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AEE LTHERARESE S RTZENEAOME o T,
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Fig. 1. MTT result (U937).
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Figure 1. Gd-DTPA B L& %

Figure 2. MR & {&
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Introduction
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ENMARRTE. () GI-OTPANDR FIrXeXE<TIZL. (i) EHARFLRRTVINOENALFFRN. (i BRI E<REC

EMORR. B0 -7t EXREELT. Gi-DTPARIPELARBICNNE L OF K7 - EOMRERENORRSERE 7.

HEREPICEE. SUARMEEHICHT. ERROROKTTRE
(B3, REM)DPSHHENIMRETMAR)/ /I TRIFL
THIMET 3.

“ "9 3%
.- ﬂ*
Fig. 1. SBOESRETESN T SMAIME (£ £ )EMERE (B2 b )i LUBORK(E L) meﬂ'—.;t'»"a." R -

Molecular design: SFRH 9 9 Q %
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6d-DTPA 6d-DTPA-D3-Sugar &d-DTPA-D1-Sugar U 6

6d-DTPA-D2-Sugar
Fig. 2. Gd-DTPALBAMRELTAFOIFEL. HARBICHFIEM- EMERBOIL THNECEEATRERLAF A/7—RIFERHLAL.

Experimental 1: iEMOE¥ S o]
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* |
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Fig. 1. Gd-DTPA. Fig. 2. MR imaging for tumors by Gd-DTPA-D4-Glc
contrast agent.
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Scheme 1. Synthesis of 2-phospholenes
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Scheme 2. Synthesis of 1-(Substituted Phenyl)-2-phospholenes.
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Os Os /@\
\P X Brz Mn02 \P Br X
q CH2012 r.t %r

X=NO,, Br, CN
Scheme 3. Synthesis of 2, 3-dibromo-1-(Substituted Phenyl)-2-phospholanes.
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Fig. 3. MIT /n vitro evaluation of phospha sugars and phospholanes for
leukemia cells.
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Fig. 4. MTT /n vitro evaluation of phospha sugars and phospholanes for leukemia
cells.
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Gd-DTPA, Sugar ball dendrimers, Phospholanes, Phospha sugars, Epoxidation,
Bromination, Biological Activity, Anti-cancer

Cancer is one of the most dangerous disease which causes the largest number of
human die. Therefore, it is required to find and to cure the cancer patients at their
early stage of the disease.

Gd-DTPA complex is currently one of the most widely used materials for MRI
contrast agent, however, the agent has a poor potential for imaging specific organs and
blood vessels as well as tumors because of the property of penetrating blood vessels.
To improve the poor property of Gd-DTPA, DTPA-Sugar dendritic ligands with
several sugars, i.e., with four and twelve sugars, at the outer shell were prepared and
their Gd complexes, Gd-DTPA-Dn-Sugars which had Gd-DTPA as the core, were
prepared. The in vivo MR imaging of blood vessel by Gd-DTPA-Dn-Sugar
dendrimers were successful and the MRI contrast agent described tumors quite clearly.

Sugar derivatives, whose oxygen atom in the hemiacetal ring is replaced by a
carbon, nitrogen, or sulphur atom, are called as carba, aza, or thia sugars, respectively,
which are categorized as pseudo sugars. The characterization of pseudo sugars of
naturally occurring products and chemically prepared products are well investigated
and many of them found in the nature and synthesized chemically are known to be
biologically active sugars. On the other hand, phospha sugars which have a
phosphorus atom in the hemiacetal ring of the sugar are not yet found in the nature.
The synthesis and the characterization of them are not
yet so well studied. O~ .Ph O- .Ph

Previous methodologies used for the preparation \/_PJ NayO, \/_PJ

s

of phospha sugars started entirely from sugar 0
materials, however, the process was tedious and the EtOH '
yield was low. We are challenging to develop novel synthetic routes starting from
phosphorus heterocyclic compounds, mainly 2- or 3-phospholene derivatives. From
the 1-phenyl-2-phospholene derivative phosphorus

heterocycles of 3-bromo-2-hydroxy-, 2,3-epoxy-, and O\ -Ph O\ -Ph
2,3-dibromo-1-phenylphosopholane derivatives or Br2, MnO,

phospha sugars were prepared. The in vitro bioassay CHZCIZ

for these compounds by MTT method revealed that

the compound have very important biological

activities, especially such as anti-cancer activity, in manners of i) high activity, ii)
wide spectra, and iii) high specificity and selectivity for tumour cells.
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