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Abstract

Chemical treatment of diabetes mellitus is widely studied and controlling of blood glucose
level is the main course of therapy. In type 2 diabetes mellitus, insulin resistance is the major
problem. An isoflavone C-glucoside, puerarin (1), is known to enhance glucose uptake into the
insulin sensitive cell and is thought to be a candidate for treatment of diabetes mellitus. We
synthesized 1 and several derivatives to apply for the structure-activity relationship study.
The result against 3T3-L.1 adipocyte indicated that the C*glucoside part of 1 is unconcerned in
its activity when tested in vitro and the main structure responsible for its activity was the

isoflavone moiety.
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Diabetes mellitus (DM) is a currently rising problem in nations worldwide. Type 2 DM
(T2DM) is the main type of this disease accounting to lifestyle like dietary habitat together
with insufficient exercise and highly relates to obesity state of a patient. One of the major
problems of T2DM is the insulin resistance. Weak response against insulin leaves the
patients’ blood glucose at high levels which eventually cause other symptoms like
cardiovascular disease, renal failure, blindness and neurological disorders.! As the insulin
resistance refuses treatment using exogenously administrated insulin to control blood glucose
level, treatment of T2DM is performed by controlled food intake and exercise. And chemical
treatment other than insulin is often accommodates with them. Chemical treatments of
T2DM are mainly focused on the suppression of blood glucose rise or improvement of insulin

resistance. a-Glucosidase inhibitors are used to suppress rapid elevation of blood glucose level



after food intake, and synthetic peroxisomal proliferator-activated receptor y (PPARY) agonists
are used to improve insulin resistance. Along with these, recent reports about glycosylated
flavonoids controlling blood glucose level of model animal have gained attention on these
kinds of plant originated natural compounds.2:3.4

Puerarin (1) is one of these glycosylated flavonoids isolated from Pueraria iobata.> The effect
of 1 is shown by decreasing blood glucose level of DM model rat and by enhancing glucose
uptake of muscle tissue.? Furthermore, the study indicates these glucose uptake enhancing
activity i1s partially owed by a PPARy agonist activity of 1. Though working as a PPARy
agonist, structure of 1 that Cglucoside attached to 8-C position of daidzein (19), an isoflavone
moiety, is unique compared to other synthetic PPARy agonists such as rosiglitazone,
pioglitazone or endogenous ligand 15-deoxy-Al2l4-prostagrandin J2. To investigate the
structure-activity relationships of 1 on the glucose uptake enhancing activity, especially on a
role of the C*glucoside, we synthesized 1 and several related compounds, and tested them
against cultured cell.

Of the whole structure of 1, C*glucoside is the most unique structure that is different from
common PPARy agonists. To investigate about the C'glucoside, we synthesized 10 and 17
along with 1. Although synthesis of 1 is already reported, the procedure was not suited for a
synthesis of 10 and several other related derivatives. So we chose to employ the
Cglycosylation procedure using a glucosyl imidate 2 and an acetophenone 3. Treatment of
TMSOTY to the mixture of 2 and 3 afforded a Cglucoside 4. After selectively protecting 6-OH
of 4 by a benzyl group, aldol condensation with an aldehyde 6 was followed to give a chalcone
7a. Then, 7a was treated with TI(NOs)s and heated in an acidic medium to form isoflavone
structure.” During this reaction, the benzyl group protecting 5-OH was selectively removed to
give 8a as the product. As this hydroxyl group needs to be removed for synthesis of 1, 8a was
subjected to trifluoromethanesulfonylation and subsequent reaction with Pd(OAc)z to give 9a.
Finally, benzyl groups were removed from 9a by treatment with BBrs to give puerarin (1) in
13% overall yield (Scheme 1). Together with 1, synthetic intermediates of 1 were converted to
obtain 18 and 22-25. A relative regioisomer of 1, genistein 6- Cglucoside (10) was synthesized
following puerarin’s synthesis except for protecting 2-OH of 4. 6-OH of 4 was temporarily
protected by a TBS group, then 2-OH was protected by a benzyl group and the TBS group was
removed to give 5b. Aldol condensation of 5b and 6, reaction with TIINOs)s and deprotection
by BBrs were sequentially preformed to give 10.8 Unnecessary hydroxyl group 5-OH of 10
removed in the synthesis of 1 was ignored in this case as from the preliminary study it was
shown to be ineffective in glucose uptake enhancing activity. Next, a derivative possessing a
dihydroxypropyl group as a hydrophilic moiety instead of the (Cglucoside,
8-(2,3-dihydroxypropyl)daidzein (17), was synthesized (Scheme 2). Starting from



2,4-dihydroxyacetophenone (11), an allyl group was incorporated in three steps by
4- O-methylation, 2- O-allylation and subsequent Claisen rearrangement of the allyl group to
give 13. Oxidation of the allyl group of 13 by OsO4 and protection of the resulting diol gave 14.
Then, 14 was subjected to aldol condensation with 6, followed by reaction with TI(NO3)s to
form the isoflavone structure. Since the acetonide group protecting the diol was partially
removed in this reaction, the mixture was re-protected to the acetonide 16 for the enhanced
solubility in dichloromethane which was necessary for the next benzyl-removing step. At last,
successive removal of protective groups from 16 by BBrs and NaSEt, respectively, gave the
desired product 17.9

Compounds 1, 10 and 17 along with several derivatives, either synthesized or purchased,
were examined for their glucose uptake enhancing activity. The activity was measured
according to the modified procedure of Yamamoto et al10 3T3-L1 cell, a model cultured cell for
studying adipocyte, was chosen to test the activity.!! Although the previous report on the
activity of 1 employed muscle tissue, experiments using cultured muscle model L6 cell was
not applicable as the glucose uptake appeared inconstant when stimulated by 1. Incubation of
3T3-L1 adipocyte with 10 uM of 1 enhanced the glucose uptake 1.5 times upon insulin
stimulation compared to control experiment (Fig. 1). This was comparable to the result
previously reported using muscle tissue of rat. Higher concentration also enhanced uptake at
the similar ratio, but the result was rather inconstant and lower concentration decreased
enhancement. So in the following experiment, 10 uM of each compound was tested against
3T3-L1 adipocyte for their activity.

Tested compounds were classified to three groups according to their activity that is A)
compounds exhibiting a comparable activity to 1 with significant difference (p < 0.03) to
control (1.4-1.5 times enhancement, Fig. 2. compounds 1, 10, 17, 18 and 19), B) compounds
showing a weaker activity compared to group A and has no significant difference to control
(1.15-1.25 times enhancement, Fig. 2. compounds 20, 21 and 22), C) compounds with a
slightly to no activity (bellow 1.1 times enhancement, Fig. 2. compounds 28, 24 and 25). Group
A mainly consists of the C-glucoside derivatives except for 18 suggesting that the most
characteristic structure of 1, C*glucoside may not be necessary for the activity itself. The
6- Cglucoside 10, besides of the additional hydroxyl group at 5- C'position which is shown to be
ineffective for the activity from the result of 18, differs only at the C-glucosylation position.
8-(2,3-dihydroxypropyl)daidzein (17) has the diol group as a hydrophilic moiety instead of
C-glucoside. And most of all, daidzein (19), an aglycon of 1, lacks the C-glucoside itself. Thus,
Cglucoside of 1 may attach to 6-C position, or can be modified to other simple hydrophilic
groups, or simply removed without reducing its activity. Therefore we can conclude that the

C-glucoside of 1 is unconcerned in the glucose uptake enhancing activity. In contrast,



compounds belonging to group B and C clearly indicate the importance of aglycon, including
the isoflavone structure and the phenolic hydroxyl group. O-glucoside 20 and 21 retains the
isoflavone structure common to group A compounds, but they showed a weaker enhancement
of glucose uptake relative to 1. As concluded above, the C-glucoside of 1 is unconcerned in the
glucose uptake enhancing activity. Concerning this, the decrease in activity of 20 and 21
should not be the result of the C-glucoside replacement from 8-C position. Instead,
glucosylation of the phenolic hydroxyl group should contribute to this. This was confirmed
from the results of 7-O-methylpuerarin (22) and also from 4’,7-di-O-methylpuerarin (23).
These two compounds apparently demonstrated the importance of the phenolic hydroxyl
group as 22 exhibiting weaker activity than 1, which is the same as O-glucoside 20 or 21, and
23 classified to group C showing no activity. Consequently, the decreased activity of 20 and 21
should be the result of masking the phenolic hydroxyl group by O-glucosylation. Additionally,
a slight difference in the activity of 20, 21, 22 and 23 may indicate a higher contribution of the
4’-OH group than the 7-OH group. Importance of the isoflavone structure is indicated by the
rest of group C compounds, 24 and 25. These compounds possesses modified isoflavone
structure, and are both showed no activity at all, indicating clear result that the isoflavone
itself is the most important structure for the activity.

Contribution of flavonoids to glucose uptake enhancing activity is also apparent from several
reports. Several homoisoflavonoids without glucose in the structure are reported to exhibit
glucose uptake enhancing activity.l3 Two flavonoids, kaempferol and quercetin, are also
known to improve glucose uptake.l* Moreover many of synthetic PPARy agonists are
composed of a hydrophobic moiety. Puerarin (1), as well as kaempferol or quercetin is known
to elevate glucose uptake, at least partially, by the PPARy agonist activity.1415 Also several
isoflavones are reported to possess a PPARy agonist activity.'® Therefore it is readily accepted
that the activity of 1 largely owes to its aglycon daidzein (19). Regarding the importance of
isoflavone, then what does the C-glucoside of 1 participates for? Although it is shown not
participating in activity itself in this experiment, from compounds contained in Pueraria
Iobata, 1, not 19 is the content reported to be active for glucose uptake enhancement.l?
Therefore, Cglucoside may give an advantage when tested in vivo by giving solubility to
scarcely water-soluble isoflavone and raising the absorbability into the body.

In conclusion, we have synthesized puerarin (1) and several derivatives to study their
glucose uptake enhancing activity against 3T3-1.1 adipocyte. The structure responsible for the
glucose uptake enhancing activity was shown to be the isoflavone moiety daidzein (19) and
the C-glucoside of 1 was not much involved in the activity. Although principal structure
responsible for the activity of 1 was isoflavone moiety, the C-glucoside may involves in

physical properties of the compound and raises availability by live body.



Abbreviation:  DIAD  diisopropyl azodicarboxylate, @G6PDH  glucose-6-phosphate
dehydrogenase, NMO MN-methylmorpholine N-oxide, TBAF tetrabutylammonium fluoride
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Scheme 1. Synthesis of puerarin (1) and 10. Reagent and conditions. (a) TMSOTf, CH2Cls, 30
°C (70%); (b) 5a: BnBr, K2COs, acetone, 50 °C (90%); 5b: 1) TBSCI, imid., DMF 2) BnOH, PhsP,
DIAD, THF then TBAF (86% in two steps); (c) p-benzyloxybenzaldehyde (6), NaOMe, MeOH,
1,4-dioxane (7a: 60%, Tb: 74%); (d) 1) TI(NOs)s, (MeO)sCH, MeOH, 40 °C; 2) 10% HCI aq.,
MeOH, 1,4-dioxane, 80 °C (8a: 72%, 8b: 30%); (e) 1) Tf20, pyr., CHz2Cls; 2) Pd(OAc)z, PhsP,
HCOOH, TEA, DMF (86% in two steps); (f) BBrs, CH2Clz, -78 °C (1: 71%, 10: 51%)
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Scheme 2. Synthesis of 17. Reagent and conditions. (a) 1) Mel, K2COs, acetone; 2) Allyl
bromide, K2COs, KI, acetone (92% in two steps); (b) N, N-dimethylaniline, 210 °C (69%); (c) 1)
0s04, NMO, MeCN, H20; 2) 2,2-dimethoxypropane, TsOH, DMF (90% in two steps); (d) 6,
NaOMe, MeOH (79%); (e) 1) TI(NOs)s, (MeO)sCH, MeOH, 40 °C; 2) 10% HCIl aq., MeOH,
1,4-dioxane, 80 °C; 3) 2,2-dimethoxypropane, TsOH, DMF (86% in three steps); (f) 1) BBrs,
CH:Cls, -78 °C; 2) NaSEt, DMF, 80 °C (78% in two steps)
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Fig. 1. Glucose uptake enhancing activity of puerarin (1). 3T3-L1 adipocytes were incubated
with each concentration of 1 and 2-DG uptake was measured upon stimulation with 100 nM
of insulin. Control cells were treated in the same manner without the sample and the activity

is expressed as relative value of 2-DG uptake against control.
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Figure 2. Glucose uptake enhancing activity of tested compounds. 3T3-L1 adipocytes were
incubated with 10 uM of each samples and 2-DG uptake was measured upon stimulation with
100 nM of insulin. Control cells were treated without the sample and rosiglitazone (1 uM) was
used as the positive control.!2 Activity is expressed as relative value of 2-DG uptake against
control and each samples were tested at least three times with n=3 for each experiment. * p <
0.03 when compared to control. Group A, B and C defined in the main text is colored

individually.
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