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Microwave — Assisted High — Throughput
Synthesis of Compound Libraries for
Catalysis and Biological Application

Wei — Min Dai
Laboratory of Asymmetric Catalysis and Synthesis, Department of
Chemistry, Zhejiang University, Hangzhou 310027, China
Department of Chemistry, The Hong Kong University of Science and
Technology, Clear Water Bay, Kowloon, Hong Kong SAR, China
[E - mail; chdai@ ust. hk ]

Microwave — assisted organic synthesis ( MAOS) affords many beneficial merits. High effi-
ciency or high — throughput in chemical synthesis can be achieved at high reaction temperature un-
der controlled microwave heating along with improved conversion rate, product selectivity, and re-
producibility. We initiated a research program in MAQS and have demonstrated the unique tem-
perature - controlling feature of dedicated microwave reactor in high regioselective Wittig olefina-
tion, " one — pot heterocycle synthesis'"™  and solid - phase combinatorial synthesis. ' In
this presentation, recent progress in compound library synthesis through MAOS is discussed.

The first topic is the microwave — assisted high — throughput synthesis and sereening of library
of our amide — derived phosphines ( Aphos) for catalysis. '>*]  We present here, for the first
time, a chemical process which is initiated by substrate — catalysis and then followed by both sub-
strate — and product - catalysis. We refer it as self ~ assisted molecular evolution ( SAME} , being
a diversity — generating process for self — generation of a compound library from different building
blocks. From Aphos 1 and a collection of ArB(OH),, we synthesized, in a sequential manner,
a library of Aphos 2 and tested them in situ for efficiency in Suzuki reaction of aryl chloride 3.
Our efforts have resulted in an efficient Aphos ligand capable of promoting room temperature Suzu-

ki coupling of unactivated and sterically hindered aryl chlorides with arytboronic acids. [*!

Cl
SAME
i-!’r !'-ll’r
. N :;113(((313)1 o prNagO 3 Ph
PCY: 00 pcy; | _MeO OMe /@\
PhMe,MW PhB(OH):, MW
180° C, min 180°C, 5 min MeO OMe
. <l Ar

4
(conversion of 3 analyzed by
1 2 (validated by *'P NMR) HPLC or yield of 4 by isolation)

The second topic is the microwave — assisted one — pot mmulti — component reaction and annu-

lation for rapid access to natural product - like heterocyeles. We have established a ane — pot pro-



tocol for the microwave — assisted Ugi —4CR of 0 — aminophenols 5 followed by O - alkylation to
form 1,4 - benzoxazines 6. The latter underwent the Cu ~ or Pd ~ catalyzed intramolecular amida-
tion reaction with microwave irradiation to afford 2 - oxindoles 7. By selecting suitable building
blocks for the Ugi —4CR, we have synthesized libraries of heterocycles with different scaffolds.

Br. R’
OH g 1L.MeOHMW

1

CO:H 100°C, 20 min X-'@OIR
-R?  2.8q KOO MW

CHO CN-R aq N° "0

5 @/Br 150, 15min a
BrNHR:
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;’j
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Study on Effect and Significance of Membrane
Electro poration on Several Neurons and Cells

Induced by EMP and HPM

Dewen Wang, Hua Deng, Xiaozhe Cao, Meilan Zhao, Ruiyun Peng,
Sha Zhang, Tao Zhou, Shuiming Wang, Haoyu Chen, Detian Zhang,
Wenhua Hu, Bo Dong, hangang Zhang
Institute of Radiation Medicine, Academy of Military Medical Sciences
No.27, Taiping Road, Beijing 100850, P. R. China

Electromagnetic radiation (EMR) can be divided into ionizing radiation (+y - ray, X - ray)
and non — jonizing radiation (laser, microwave, radiation frequency) ,in which high power micro-
wave { HPM ) and electromagnetic pulse ( EMP') belong to non — ionizing radiation. HPM and EMP
occurred not only in peace time (radar, cell phone, TV —~pad, et al), but also in war time, e. g.
nuclear explosion, HPM weapon, EMP weapon, bomb explosion, et al. The experimental study
and epidemiological survey have confirmed that HPM and EMP could induce human injury and
health risks, even fatal effects!' .

Experimental animal investigation indicated that main target organs included brain - particular
hippocampus ( nerve — behavior abnormality }'*!,  endecrine glands, heart - particularly trans-
misgion fiber (heart dysfunction, blocking), gonad — test, ovary (dysgenesis, testosterone
descent), eye - (lens opacity), lymphatic tissue { immune function descent)[® hemopoietic
tissue { hemopoietic function descent) , in which brain was one of the most sensitive.

The injury effects of EMP and HPM were divided into 4 phases: immediate, early phase
( within 1 week) , middle phase (2 ~4 weeks) , late phase ( >4 weeks, e. g. , lens opacity, en-
cephalatrophy, tumor, dysgenesis, hereditation). After high intensity EMP and HPM irradiation,
fatal effects also occwrred. The main lethal causes were infection, hemorrhage, and emaciation —
dyscrasia. We found the sensitivity of injury and lethal effect have phylogenic difference; monkey
was the most, below in proper order were dog, rabbit, rat { mouse).

The mechanisms of injury in HPM and EMP include thermal effect and Non - thermal effect.
In the former, temperature of tissue rises about 5 — 11, e. g. , after mice were irradiated by
2450MHz microwave, the temperature of skin,  thoracic cavity and brain rises about 5 ~ 10°C , 5
-9 C, 6 ~-11 °C, respectively, and result in the degeneration, apoptosis, necrosis of cells; In
the latter, the damage region involved mainly cell and molecular structure, including biophysical
reaction, biochemical reaction, gene mutation, cellular factor and signal transmission abnormali-
ties, finally result in the injury of tissue, organ, and organism!'"l,

In order to study the mechanisms of non — thermal effects, this article observed the electropo-
ration effect of EMP and HPM on cultured neurons of hippocampus and hypothalamus, cells of hy-
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pophysis and myocardium ; investigated the alternation of several ions in cells and culture — liquid ;
and reveal the significance of electroporation on cell membrane,
Material and methods

Newrons of hippocampus and hypothalamus, cells of hypophysis cells and myocardium of
Wistar rat were separately cultured in six 6 — hole boards, one board was control sample. In every
cell, the all five boards were irradiated by high field strength 5 EMP within 2 minutes

(electric field intensity 60 KV/m, rise time 20nsec, pulse width 30 psec), in which myo-
cardial cells were separately irradiated by HPM { power density 950mw/cm?, pulse width O,
35usec, irradiated time 60 sec. ) and ®Co -y —ray (dose 8 Gy).

The changes of structure on surface of cell membrane of all neurons and cells were observed
using Atomic Forces Microscopy ( SPM - 9500J3, Japan) after irradiation. The concentration of
Ca®* K* . Na*, Mg®’* .Cl™ \LDH, AST . CHE in culture medium were measured at Oh ,1h,6h,
12h,24h and 48h by reagent boxes ( Beijing Zhongsheng high - tech bioengineering Company ).
The concentration of i[ Ca’* ] in cells and neurons were measured using Laser Confocal Scanning
Microscopy ( Radiance2000,Bio — rad). Moreover, the growth activity ( MTT) and apoptosis,
necrosis { FCM) of various cells and neurons were examined at Oh, 6h , 2h, 24h, 48h after irradi-
ation.

All dates were analyzed by statistical software SPSS 8. 0.

Results and discussion

1. In EMP and HPM groups, the electroporation of cell membrane occurred in all cells { neu-
rons of hippocampus and hypothalamus, cells of hypophysis and myocardium). The number,
shape, size and depth were different in various cells, in which the number of hole were more , and
bigger, wider, deeper in HPM group than that in EMP group. In all irradiated cells the cell mem-
branes were penetrated ( the depth was generally 13 - 130nm). In ~y —ray group, the electropora-
tion of membranes did not oceur, (Fig 1 —~5).

2. The concentration of i[ Ca®* ] in all irradiated cells and neurons was apparently decreased
(P <0.01) than that in control group ( Fig6).

3. The conceniration of Ca’>* \Mg?* Na* . K*.Cl~ and LDH,AST.CHE in culture -
hiquid of varieus cells and neurons were firstly decreased, then obviously increased (P <0.01)
than that in control group (Fig7 —12).

The percentage of apoptosis and necrosis in various irradiated neurons and cells were obvious-
ly increased (P <0.01) than that in control group (Figl3 —14, Tablel).

The growth activity in all irradiated cells was obviously descent (P <0.01 or < 0. 05), par-
ticularly, at 12h (Table 2).

Conclusion

1. EMP and HPM could injure and electroporate the membranes of neurons of hippocampus
and hypothalamus, cells of hypophysis and myocardium. Above mentioned electroporation did not
occur after v - ray irradiation.

2. The membrane electroporation induced outflow of multi — ions from cells and occurrence of

apoptosis and necrosis of cells,

6.



3. The damage degree of electroporation effect in HPM group was more severe than that in
EMP group.
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Figl. electroporation of hippocampus neuron A:control. B. irradiated by EMP 60 KV/m



Fig2. electroporation of endocrine gland Fig3. e.lectrﬁpomtion of myocardium
Left hypothalamus; right: hypophysis A:control, B: irradiated by EMP;
A.C: control; BI):irradiated by EMP C:irradiated by HPM; Dirradiatedby v -ray
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Fig5. comparation of electroporation

Fig4. electroporatio of myocardium in ~ S8EM between HPM and EMP group

Table 1 Rate of apoptosis and necrosis of myocardial cells ( HPM)

Death Control 6h 24h
Apoptosis 2.36 0.87 26.765.12*° 26.44 2.67"°
Necrosis 1.05 0.96 24.78 6.52*° 21,35 5.,43"°

Table 2 The growth activity of myocardial cells after HPM

Oh 6h 12h 24h 48h 72h
0.40 + 0.36 = 0.18 + 0.31 = 0.49 +
EMP 0.54 +0. 10
0.07 = 0.05+ » 0.08 % = 0.07 + = +0.05
Control 0.59x 0.09 0.53+ 0.12 0.57+ 0.06 0.62+ 0.13 0.56 +0.02 0.58+ 0.09
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Fig6. The alternations of concentration of 1[(312]111 several cultured cells
after EMP irradiation
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