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English
Abstract

Microwave-assisted organic synthesis is widely used as many organic reactions
can be conducted rapidly under microwave irradiation. Domestic microwave ovens are
of considerable interest as thus to be reported as accelerated organic reactions under
microwave heating. In this report, the domestic microwave oven has been modified
together the Esterification, and Diels-Alder reactions under microwave irradiation were
observed. The microwave-assisted synthesis of ethyl-p-nitrobenzoate, phenacetin, the
anthracene adducts; 9,10-dihydro-9,10-ethanoanthracene-11-carboxylic acid, 9,10-
dihydroanthracene-9,1 O—endo—a,ﬂsuccinic anhydride, methyl-11-(carbomethoxy
methyl)-9,11-dihydro-9,10-ethanoanthracene-11-carboxylate, 9,10-dihydroanthracene -
9,10—endo—a,ﬂ-naphtroquinone, 9,10—dihydroanthracene—9,10—endo—a,ﬂbenzo—
quinone as well as zinc monoglycerolate were achieved in short reaction times and
cleaner reactions than for the previously-described synthetic processes. In some cases

eco-friendly solventless methodology has been used.
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¥ = 44' o o &
wgadn  AaullasnudaazFouaunen
3. Ansdzviaunau (Reflection) Aaululasmnnilansenuiunigueidluianzyizad
] dl 1 o/ 1 v £4 [ o Zj/
dounanaaslavy  pdululasnlianunsonegniauzasnanalfazasfaundunn Al

ansildniauzaenaaiazlign
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(Reflection)

519 1.6 Anmouziiuaaspauluiasion

1.3 wnaululasian (Microwave oven) ™™

wnaululasoniduddmuinislunisdgeansadunaassasasnnannnis b s
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iNausIINAn indsuanFeulnala uuumnauuia videanuFauainanaanlnii
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WladrAyreamlulasion Aesuuniingey Aazidusanlaaunasaulniudu
dl o A dl y P =® 1%
paululagon szuunsineuzeam lulason Aerdululasonazduazinewns 2,450 A1
:J/ I Aa = = = dl a ¢ 1 ¥ a
AT FEAUNT ViFRENAYIND 2,450 Wnuidsed vadngeanusannynniiaynnieinasauaed
y o . d ¥
uidaen Fuluudauinszanalilganms Wesaulinsznuaimsluanavesinnag luenmns
sz IdhuanAdanadiumils uazilszaauilansandunile aaululasionuan-
o ‘. do % Y oea uow o
aunduazmeuagazlznyiuluanauon-aundusein aegaluianazasindnlndudoudn
aanuazin igundavldunte 2,450 duaisedun  uarzulianadusie llaunnudy
waswaal  uay wasnusatiesnaliifsdundsnuanuieuinliensgnatiesn
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gﬂﬁ 1.8 Basic principle of microwave oven.
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1.3.2 dautlsznauvaamlulasion

doutlsznevzeamnlalasion fagll 1.10 lHun vaeauunilnsen (Magnetron
tube or source of radiation) Waannszanemaululasian (Mode stirrer) tigtlsepgasiiy
aalaulAsian (Oven cavity) nifautlasln (Step-up transformer)
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Mode Stirrer Wave Guide
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1.4 NAUIRENLNETD (Literature review)
uasudaulvn) azifumaiia Solvent free wazdaulug Wunasunldnasouladinu
d‘ . v I 1 1 a =
70% 841784 Microwave reactor wazldiianag lugaelaifiu 5 wd
% 1 ana t:ll i3 . 1 < & a [ = ]
FAaee L ReN I Microwave 198 1aY iWeSiuUATINANAR AZUAAIANIEATIRE AR

T4 (A1N a review paper U84 Lidstrom, P. et. a/.w)

N-Acylation

Cond itions Type of reactionfyiclds/
mumher of examples

p h ,r}_N | Neacy lation-, maleimides,
R .-','.:-lr_ R R? \IH_.-J\\RI‘ yields=H2—96% (T examples)
o ff
8
HO
"-:l:D Rﬂ *\}\ E
/ S R - .
[: ]n e | . mHH, neat ﬁ Tl\'lr‘lll =%
B - — ! Nency lation-, maleimides,
032; R R G//l" +1n yields=59-§4% (12 examples)
R i
OH R
n=0-z
cl o cl 0
H,M Cl-. A omE Ch A A
+ o —m \’E N—'\ MN-acy lation-, phithalimides,
COH cr ,i MBAM cr T/’f ""-1;{ CO,H yield =945 {1 example)
o] G
Cl Cl
1
2 T ,n'D 2 T ?
R DMA R
[ B L J— N—F N-acylation, yiclds=E5—96%
3 El {13 examples)
R X=0,5 : t
R* 0 ' R s
F
e MH, H
neat M . - . .
R‘H~ ]/ * TIOCF,C0,), S e = N-acylation, yields=60-98%
- Rt . 8 F (11 examples)
i
o EEDQ f
RI\\/JJ\ = ey O HI‘\)'LN M-acylation, yiclds=92-97%
OH H ) EtOH o (3 cxamples)

0 e
N‘N 5000 4 R1—MH3 Cl MN-sulfony lation, no yields

quested {4 examples)

N—N
J::II "‘}_ e OEI N;Hd H:E’ ; ) i ]
R g -5 “n" — ! Hydmzide formation,
o ELOH R g g yiclds=T7—§5% (4 cxamples)



Conditions

Type of reaction'yields?
mumher of examples

R1

0
i DCM j /ﬁ\
O—GJ\\/’H'}'“ * RE—NCO —-0_D T TNHR?
R' R’

polystyrens
R{#:& NH?_‘ i neat i, H ,H
2 HNT TNH, T RU T \©'R
= X
XK= 5
9 0
LA ' so._ [ L
N The, - HOTTY = N7
{
N = .

= =4 A, s
I —
o
L‘“‘*f N~ M MHMHAG

NHNH,

i A
NH Si0, N R
'E/:-J ’ RZ’A‘EI —_ - (\
R H!/N\rJ
1
RN
i MNalH 5 '
1
Hq,—fs-\_/JLNfNHz + Cl"f\n/c —_— '?H
H MM
a]
[#]
AT e e 1 e
U H ,JI * R'JN"-\.RI H r'l‘l
o ALD, R
Hi‘
. H ButOH = N
1 Ty 3 —_—
? RR P o
j\ . zaolite-HY i
R OH * H;N—R —_— R' M-"R?
H
g imidazoke @
midazo
RVJ‘»DH + HMN=R ——= RI/J'L« —R*

.1 D
OH “‘M
imidazole f j!"ﬁ;.;—N

OH + N
|'|::| R' \%}_‘_RI\Q
R

"

M-peylation, yvields=86 and
HET (2 examples)

Urea lormation, o yiclds
aquotad (5 cxamples)

Urea formation, yields
A0-905 (49 examples)

MN-acylation, yield=85%
{1 example)

M-peylation, yvield=TE%
{1 example)

M-peylation, yields=T2-9T7%
{6 examples)

M-peylation, yield=§4 %
{1 example)

Thicwrea Formation,
imnsamidation, yiclds
G905 (6 examples)

MN-acylation, yields=55-91 %
{7 examples)

M-peylation, yields=R0-9T %
{12 examples)

M-peylation, yields=30-96%
{5 examples)

M-peylation, yields=495 and
QR (2 examples)



Alkylation

14

Cond itions

Type of reaction'yields?
mumher of cxamples

O
R /I\/'”\
EuCl, &
R1/\“‘_x\._/JJ\Hz + Hlj\/u\ﬂ' u_?_lizﬂ ] Rz
o "R
R MNH,
MeO,C
NC —— FJ
MeND, >_ piperiding NG

cat. HEn[CH,CH,C,oF5

can. AlBN
BTF

OH

o ALD, 'ﬁl/

+ |
HN’N H =, ~CM e M

L_cn

o
| _— R, OH R
v o = |
I| 3 chiorobenzens =
R R" 0 o

o | -
=" TGN NaBH,CN MJ N

C-alkylation-, Michael addition,
yields=54-95% (K examples)

C-alkylation-, double Michacl
addition, yields=T0-T5%
{13 examples)

C-alkylation-, Michae] addition,
yields= G090 (K examples)

C-alkylation, yields=9)-96%
{6 examples)

Feadical Michacl addition
reaction, yield=T7T%
{1 example)

MN-alkylation-, Michael addition,
yicld= 59% {1 example)
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Conditions Type of reaction'yields?
mumber of examples
o R R R o
|
1.-*%':{-; + e M-alkylation-, Michae] addition,

(8] |
=2
o H MalH OH R
| i rR-RE —— | o
P E1QH e
NH, OH
RL‘“{W o Ri\») , R
o |
OH MH,
neal =N
A D J\,N\,)
KF-ALD; NHCOMe
R Emc CO,Et L|CI R CO,Et
1
NHCD o
MabH,
MH,OH aH
N'_.-SIE‘_‘SE_.AI- v NISA«.\_(;]J —_— N’EE "'S"““'Pd‘
EiOH
ALOY,
=
R oH t B — g
o]
O MaOH (ag,.) D\/’{' -
R + ol 1 =L R©/
“"Br (cal)
R 0H N o R
OH —~OH
gl:-'maidase /é_’___ o H
-'-'\-;C_ DR+ HO —_— HO P’TL'-'D 1
-Iul.|zD3 HO— OH R
OH r*
RZX
. .
MNaCH (ag.) LI
R X =0l Br R

OH  Rer
r e OR
v:u.n::u Cl, L

yields=25-100% (11 cxamples)

M-alkylation-, ring opening of
cpoxides, yields=E3I-4955%
{15 examples)

M-alkylation-, fing opening of
cpoxides, yields=TO-R5% (15
cxamples)

M-alkylation-, ring opening of
cpoxides, yields=9%) and =95
{2 examples)

Ring Fomuation via ring opening
ol epoxides, yield=E2%
{1 example)

Selenide ethers-, ring opening of
cpoxides, yields=T3I-KT%
{13 examples)

(-alkylation-, allylation,
yields=52-T1% (3 examples)

(-alkylation, yiekis=f3—ER%
(8 examples)

(-alk ylation-, catalytic
ctherification, yields=E-ThH%
(T examples)

(-glycosidation, yields=3-TT%
{3 examples)

(-alk ylation-, Williamson
reaction, yiclds=J8— 1%
{13 examples)

(-alkylation, yickis=h] -99%
{9 examples)
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Type of reactionyiclds’
mumher of cxamples

Cond itions
OH
1
R = R
+ Cl
R’ :f R
R’

Me,50,

tetragthylene glyml

e OH @[
PTC

KL
P N P
Br —_— OAc
Aliquat 335
OH BnBr \/©
guae: O
0
X CaClyl
* OH
R o X=H,ClBr
<,
I:IH: ‘/\
— A
AcO S\;T\wm scnlu:l support P-DE' ﬂMDR
andfor catalyst
e IDthMc
KOH
HD\/@\/GH _ RD\_,’{\ /\k_‘/DR
(o}
M=0Cl, Br
DMS0
o K. /Ej/
X =F, CI, Br,
oM
HO Br psOMAP PRI
HO + _— o
OH Ph Br MeCN HD
Ohe

OH|
OMe

(-alky lation, yiclds= 535-T6H%
{9 examples)

(J-alky lation, yiclde S0-T0%
{1 example)

(-alky lation, yiclds= 63-E2%
(K examples)

(d-alky lation, yicld= &%
{1 example)

(-alky lation, yiclds= T5-90%
{10 examples) alkylation with
iomic liguids as the solvent

(A-alky lation, yiclds= 57905
(K examples)

(d-alky lation, yiclds= GE-96%
{7 examples)

(-glycosidation, yields=T-TT%
{14 examples)

(r-alky lation, yiclds= T4—94%
{7 examples)

(-alky lation, yiclds=31-E1%
{4 examples)

Benzylidene Formation,
yields= Thand 3% (I examples)
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Conditions Type of reactionyiclds’
mumbher of examples
]
= RX oo
| HH — N—FR M-alkylation, yields=49-95%
= K,CO, {9 examples)
0 TBAEB )
X =Cl, Br, |
H
X N K ™
= | DMs0 N |
&
s = e N-alkylation, yields=9—935
=] - | {9 examples)
1
X=F,ClBrl R

H K CO5mAlL0, R’
RI'JN ~g? + R

R R
¥ =0Cl, Br
= Hs F|4 R!‘
“j I p— .
. ,."r ", {_.JD" o neat Ra'—- r.'; KNTSGa
e O
R R? R'
[
S c P ﬁfc
+ 2 e + :II:_
R =M R ¢ B oM
éz
Ri=H, COPh X=Cl1
OH
oY
NCS o R g i
-8 o @’ - h
H Madhc W s
HOAE |
PR
= PRCH,X ﬁ E‘K“F‘h
| — . -
neat s ,-"lq\«
H o or NT Yo H 0
DMSO P
x=Clgr1 FP
Q j\ oA i e R
¢ ~NHy e - e
R H H M H H.M H
0. M
OH A
S\/ﬁ\ NH, . MaOH [ag.} NH
g M ) /—€ Hl‘a
H cl [s] 5
o
r./‘“xN.-""aRJ
M.

M-alkylation, yields=d43-98%
(8 examples)

M-alkylation-, sulfopropylation,
yields=6HE-95% (K examples)

M-alkylation-, guaternisation,
yields=0-91% {10 examples)

M-alkylation, yields=T1-T49%
{3 examples)

M-alkylation, no yields guotad
{12 examples)

M-alkylation
thivsemicarharones, yiclds
Ta—91% (T examples)

M-alkylation, yields=77T and
B9 (2 examples)

M-alkylation, yields=T5-949%
{3 examples)

M-methylation, yield=T5%
{1 example)
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Cond itions

Type of reactiondyields!
mumher of examples

a!
\,.?=N i = =y S, =M
o 5. .M neat No s
HN/;K/\L/ ' Br T H.M r\‘lzu'u:t
" 2 \F:-_,O

MH,

R X >_€‘_,‘*N M, HR
Il . £ +  R=NH, ——=
M CO,Ef co Et

K=NH. O 5

OH  piap
N-\_S s —_ |
.-'/ I
S,

Phie

-"z

CI

R\F
X Br
o ; Br 4{,-‘
eat A=
Noyy” R + = A
B

H g, N
X=CH N
a
N Pnme o NE
| + - L
R’ ' Mt
a o O OH

' K,CO,
NH CI N
“omF =N
H
| NH; Ra-Ni = Nsz
R + R—0H —= gL .
i

HCOH |
1/n*-- + — =

M. -
R R’ H™ "H rR'R

]

8] i
_ Kioclay R, R
R ~MH + ,J-L\ g — T

-
R R *

R 3 R!
e =L
* R= N

o2 K10 clay 562\ RE

o 0
cat, AcCH
P -
H H R!’

R R EIOH

MN-alkylation, yields=T4—86%
{Hexamples) one molecule of the
phemacyl hromide, undergocs
M-alkylation and condensation
with two molecules of the

acety lhydrarone

Transamination, yiclds
QU9E% (1] examples)
EE ) 10— 100010,

MN-alkylation-, Mitsunobu
reaction, yiclds=R3I-4935
{4 examples)

M-alkylation of heterocyeles,
yields= B0-98% (5 examples)

MN-alkylation of hetercyeles,
yields= TE-90% (6 examples)

M-alkylation of hetercyeles,
yields=52-T5% (K examples)

M-alkylation of anilines,
yields= 19-91% ({12 examples)

MN-methylation, yields=43-T&%
{5 examples)

Imine and enamine Formation,
yields= T5-49T% {10 examples)

Sulfomy limine formation,
yields=52-91% (11 examples)

M-alkylation-, condensation to
Form hydmzone, yields
Q2-95% (10 examples)



Conditions

Type of reactionyiclds’
mumher of examples

0*:(“} "
e cat AcOH
+
= N MH, @ R’ E1QH ﬂ
H

KOH
i KoCO, o
oEt *+ R—X OEt
TBACI S
X = Br, I
o, OF: TBAF e
| M S S A0, b’/\n’
0
X =B
0 H
R H =
oM
0 Me -~'NM
2 By
o o
N CoEt  E07 COE CG Et
: o
=
e M*-G(CH,J,NO
alzMUy l/\
= H,0 '\I/
: sio,
MO M=LiNa

— Fally 6H,0
'-.\ )." OH
R

Maalkylation condensation to
form hydmazone, yields
O —9R% (12 examples)

C-alkylation of ethyl
acetoacetate, yields=59-K2%
{5 examples)

C-alkylation of activatad
methylenes, yiclds= 48-T9%
{5 examples)

C-alkylation-, synthesis of
Thydroxyguinones, yiclds
T5-495% ( 14 examples)

C-alkylation, yields=90-9E%
{11 examples)

C-alkylation, yiclds=T2-495%
{3 examples)

C-alkylation-, Michacl addition,
yields=55-T5% (4 examples)

C-alkylation, yiclds= 461 (%
{16 examples)

C-alkylation, yiclds=40-96%
{6 examples)

C-alkylation, yiclds=E5-95%
{3 examples)
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Comd itions

Type of reactionyields?
mumher of examples

— X
N neat B, Jg" H
pamy .+ RLNCX — ¥ w
W X=0,5 s 4N
col
N'_’;\KH_,_-N\\ 1 e
' I "\\ I El nea e -
Lt * oo TR R '{N/;}? \*f‘J\N,r:ogE:
Fh Br H
A DABCO  R-~_ OH
_ ’J.l\ + Rﬁwx . T
R H 2
R%x
% = CO,Me or CN
graphite oM
NG SNy o
EtD,C” "CO,Et
N— K,C0, /E—N
s OEt oo
H'-Hi{ 3* SH B TR Sﬁs’wr‘m
(0]
8]
H Hr
. K,CO,-A1,0,
TR = [
R’ ¥=0Cl,Br }ﬂ:’
)
0 j’r’
F COH
e H g7 KGO, R COH
I'“m l + i N - R i
o N N o P
H ! M
R
Sy, GO NaOH CO,H
B e
LL + wEr (I
N~ s OMF @ g™

RI
Hﬂ'”;j‘/ﬁ NA ag. MH, H,N 5
+ | S — '
N. = N j;r‘qj s R
o wjﬁ X bR

o | _J
CO,H OAc SH COH uh,(?
RY=H, Ar, HotAr
CMF
j\ or o
. . solid su
LD s
X=8rl
R'=Me Ph R2 = alkyl aleohol, 2-deoxynucleoside
TN — BrEr
| | MNaH
Z~ Y/ —
= DOMF &
HS

C-alkylation-, addition to
isocy mates, yields=T5-80%
{4 examples)

C-alkylation, yields=22-T(%
{5 examples)

C-alkylation, yields=10-95%

{12 examples)

C-alkylation carbonyl-cne
reaction, yields=50-80%
{3 examples)

S-alkylation, yiclds=HI-E6%
{4 examples)

S-alkylation, yields=T0-98%
{3 examples)

S-ary lation, yields= 50-T21%
{6 examples)

S-alkylation, yields=57-81%
{7 examples)

S-alkylation, yields=R(-E5%
{5 examples)

S-alkylation, yields=d (- 1{0%
{17 examples)

F-alkylation, yiclds=R5-95%
{3 examples)



Aromatic and nucleophilic substitution

Conditions Type of reaction'yie lds/mimber
of cxamples
® O IOEI
. F~0EL

H’P:C?Igt + Rt cal. PACL{PPhy) B Phosphaomation of aryl halides,

- 1 - _ " .
HSIELJ. EI,N, Phita =] P yields=0-KT% (18 examples)

K =0C1, Br, |, OTi
OH
= M 2 neat
| +  R=/HNH, —_—

ey

]

Cl MO,
NH, N tetraethylene glycol F-I
’ @
QN
NO,

OH
HO NaOH jag.) O™
OH + =
.y {) ot oy
= PTC

,r-"R1 Q MH,
/ H.M s
2
IFFI:KE . Ei( aq. MH, ‘._l-'
/ Gf?_ -
SH AcD COH
R' = H, As, HetAr
cl rr
A0 Na o+ NN neal NN
,-L\ e - _,L e
o T T A0 TN TOA
RIx\ R 1 e

0 X
':'/—Ll/ Q PPh,, KCl or KBr “i,
By +""~| — BnO -T

/
BnO by, CClOr (CCLEN, B0 Gme

R'and RZ = H, Bn or Ac

OH 1 x
H‘D@JD PPh, KClorker % g
)

1. 'FT - 1_‘__0 S lll
R
Rz.-fc' Cede Gl or (COLEr, R R ]

R'and R? = H, B

R—zn  * |

R1

-5 ]
""\]-" !
r'Ji__ ﬁf\f,__

X'and X2 = CI, Br, OR' or OR2

Aromatic mscleophilic
substitntion, yields=60-91%
{11 examples)

Aromeatic nucleophilic
substimntion, yields=T0-85%
{1 example)

Aromeatic nucleophilic
substintion, yields=63-K2%
(& examples)

Mucleophilic substitution,
yields=R{-E5% (5 example)

Aromatic mscleophilic
substitntion, yields=E5-90%
{12 examples)

Halogenation of carbohy drates,
yields =49 1% (T example)

Halogenation of carboly drates,
yields=25-95% (16 examples)

Substination of N0, growp,
yields=THE3% (9 examples)



Comd itins

Type of reactionyield</mimber
al examples

H_..ﬁ._‘w,_.NHz G'a_‘ Cl
LA J
L P
N
R H

R?

= | Br,
S AL O,
R' O
NH,
O,N @’ . /@moa
®
X = Br, Cl
o
R T H  KF-Me,N*CI
i
NTC
TEACH
Lo
- + Yp=EN —_—
o” "ol CH,CL

—

s

O

1||:

e

|
@fj”i
HO # SiMe, Z-pentanone p

AcO~, QT o
AcO o K00,
AcO OAc
MeCN
R T OH Mal-K5F clay
==

AcO
A
Ac

M

M

F

r’%’s“v"ﬁ“ﬂj\

| |
WI 25

]
X\:\A,mc

IHF

S

Arylpipermine fomation,
yields=4T-T3% (T examples)

Chlorination of heterncycles,
yields=HE9—955% (6 examples)

Aromeatic nucleophilic
substitution, yields=T5-80%
{6 ex amip les)

Aromeatic nucleophilic
suhatingtion, yiclds=T0-82%
{5 examples)

Bromination of guinoncs,
yiclds=B0-96% (17 cuamples)

By nthesis of dinitrophenyl-
amines, yields= 17-6E%
14 cxamples)

Halogenation, yields=6f—96%
{5 examples)

MNucleophilic substitution, no
yield quotad. | 1 example)

Halogenation, yield—4 8%
{1 example)

Halogenation, yield=90%
{1 example)

Halogenation, yields=55-91%
{4 examip les)
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Conditions

Ty pe of reaction/yields/number
al examples

CHO R
3 I S NH, DA i e
= o CH

!—D o, 0 NH, Ode 2
L e
} * “SHTHF U

R
o 0
R
AT
I.r'D 0‘\.\_ 2 Al:':?! () Il
R W R+ acHO —= R \n"\”":‘j‘ﬁe2
o O o &
MH, DA
HO,L™ “COH + RCHO RGO
1
[ RII
AW ZnCl foN s
RV R Y D;Nf-{g}} ~cHO 02”#{\0
KAD clay
Ar H
? ">: KF-ALO, !
+ [ I
Ar)I\H o
] —
H H
o ~CHO NHOAC 5 -NO:
P ¥ —_— |
RE NOJ | e XJ RZ
R' R’
K,CO,
CHO Aliquat 335 = CHO
. Mﬁcnu —
4 PTG C.Hy,
. 0
R MalH
AfCHO * | —
R EtCH
Ph
0 Ph. .0
TF T TitenB  Phe_£ =0
F’h\_)J\/Ph + - .
g
Ph Ph

Enocvenagel condensation,
yields=H89-97% (15 cxamples)

Enocvenagel condensation, mo
yields quotad. (5 examples)

Enocvenagel condensation,
yields=TO-96% (T examples)

Enocvenagel condensation,
yields =95 9% (10 cxamples)

Enocvenagel condensation,
yields=6HI-98% (K examples)

Enocvenagel condensation,
yields= 6994 % (K examples)

Enocvenagel condensation-,
Henry reaction, yields
HO-492% (11 examples)

Aldal condensation,
yield=82% {1 example)

Aldal condensation,
yiclds=E5 - 100% (22
cxamples)

Aldal condensation,
yield=T5% {1 example)

Gabricl synthesis of phthalides,
yields=20-89% (11 cxamples)
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Cond itions

Type of reaction'yields'number
ol examples

0  PhP=CHCN

Phke

FPh,F=CHCO,Et

Wittig olelination, yields
E5-98% (8 examples)

ArCHO — Ar _ CU,E Wittig olefination, yiclds
Sy, H2-6% (7 cxamples)
Fh,F=CHCO,El Wittig olefination, yiclds
TH-E6% (4 cxamples)
o E10 G
o]
9 9 CHO Catno, !
E1Q_rvp_gE1 " SRl v OE Hormer olefination, yiclds=72
E1O ‘et QEt and T4% (2 examples)
? BF, OEt,
. S Condensation with tricthyl
Al GIOEY arholormate, vields=55-85%
R ' { 10 cxamples)
MH MH
s |
N’;N 3 SIOEL), 2N Hydrothermal co-condensation,
= | fj/” no yiclds guoted (2 examples)
R —_—
fil ‘“-N"L‘“*“v‘ MCh-41
|
Cycloaddition
Cond itions Type of reaction'yiclds’

mumber of examples

Dicls— & lder reaction,
yieks=5E-TE%
{6 examples)

Intra meol ecular

Dicls— A lder reaction,

yickl = H—-40%

{1 examples)

stereoselective cycloaddition
approach to Taxoid skeleton
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Conditions Type of reactionfyicldss
mumber of examples
_ = Heter
% B, Dicls—Alder reaction,
IR P T, yieldsm32-K4%
M., Ty N neat MO, (7 examples)
NN N 2
. Nl )
~ MO, N7 ™
—
Ar Ar
|
M. LCOEt NFNHNFGGQEl Heter
R L DEAD hI f;l . | A Dicls—Alder reaction,
R N = . I\ N.. yisldse 96T,
OAc OAc COLER /';; CO.El diastereomeric ratio
H R R H 85:15-35:65
B = AcO 311 5-35:65
[ {6 examples)
OAc
Intrameolecular
e \__\

Graphite COJRI
COy M -
e _ AGDH !
R_.-*—hl COMe » M —_— HEO!G\#H .
Etd
) R
MeO,G
CO, Me —tMN
. CHO N 2 Me,C | ,:\}__‘_
i naal
| + — come —= S0
o ?
CHO OEt P
CHO
| D?I'u'la
ALD R
A/T%N,DH * R—=COoMe — = i
=p

Ar

o

CHO = f

hetero Diek—Alder
reaction,
yield=T0%

{1 example)

Heter

Diels—Alder reaction,
yiclds=54 -ET%

{3 examples)

1. 3-Dipolar oy cloaddition
using imidates,
yields=TI 9%

16 examples)

Hetero 1, 3-dipolar
cyeladdition,
yield=E3 %

{1 example)

1. 3-Dipolar cycloaddition
using nitrile imines or nitrile
onides, yields={(-E5%

{20 examples)

1, 3-Dipolar cycloaddition-,
multicompaonent reaction,
yields=H)-T5%

{14 examples)

1, 3-Dipolar cycloaddition
using mitrones,
yields=T-95%

{10 examples)
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Cond itions

Type of reaction/yields’
mumnber of examples

Ar NCS A

= A s \{};CDEM&
o

CO,Me \DH ALO, M=

M
et (EW0)007 TN

N
- {Etc}].ﬂlmF"’ﬁ“‘“‘miL bl —

H ON ==
[FE 1 =, CHDnea’r ; coBh

PhCO Ph

I
. i neat
Sy % _— o

HO

Deprotection and protection

1.3 -Dipolar eyeloadd idon
using nitrile oxides,
yicks=55-TT%

(8 examples)

Heten

1.3 -dipolar cyeloaddition
using azidomethy]
phosphonates,
yicksed-99%

{5 examples)

Carbonyl 1,3-dipolar
cyclonddition using
wridomethine ylide,
yicks=35-80%

{6 examples)

1.3 -Dripolar eyeloadd idon
using azidomethine ylide,
yickz=4b and K7%

{2 examples)

13 -Dipolar eyeloadd ition to
Cap-Tullerene,

yicks= 15-3T%

{3 examples)

Cryeload dition to Cgp- Tullerene,
yieks=9-26%
(5 examples)

Retro Dicls—Alder,
yicks=50-84%
{5 examples)

Conditions Type of reaction'yic lds/mimber
of examples
0 KO clay /=
/_|_\ I 4 7D é | 1,3-Dithiolmes from carbonyl
"' =& 1_><:5 compounds, yields= TO-9%0%

{7 examples)



Conditions Type of reactionyiclds number
ol examples
Envirocat
. ERPZG ,ﬁ\_ Acctalization and ketalization
A HD"’H.T‘OH om0 of camonyls, yiclds=a0-97%
R :>'<r {11 examples)

n=1,2

,fL 0 K10 clay Oﬁ/
+
R H A - o -\r-*':'\fc"

R
Br
H.;E: F’h""l:l“ﬁ -
R v Br PsDMAP O Q
CH MeCN wé\H\
O OMe
j\ NH,OHHCI '
R R sio, R ’JLR‘

R TR
I Clayan
R‘><H1 o “1j\"‘?
HIXRE R R

o= __{ __J,{ Si0, “‘(
N ey ’,—-—__‘II 0 -
= I"L__/Nq_u\": g I|I
| I o
e
E10 clay
R—0OTMS R=H
or
cat. PdCL{PRCHN),
and cal. HO
ﬂ"“f’ A0 clay i
i - i ]
R R FeinogoH0 R
DQ Clayan r
— 1. 2
o ’/Lx‘Rl R R

O
P KA clay
o
/T\ f‘J-L\ 2
2

R R Fe{NQ,), 9H,0

Acylal formation, yields
T54E% (12 examples)

Benzylidene Fommation,
yields =Th and 83%

{2 cxamples) solid supported
reagent

Orximes Prom carbony |
compounds, yields=0-945%
{18 examples)

Protection of aleohols as
tetrahy dropyranyl ethers,
yields =80-492% (1] examples)

Acetal deprotection,
yields = TO-90% (T examples)

Thicacetal deprotection,
yields =RB0—§9% (13 examples)

N-Boc deprotection,

yields =56—98% (12 examples)
cxample of chemoselective
deprtection.

Trimethy lsilyl ether
deprotection, yields=EE- 100%
{22 examples)

Oridative deprotection ol silyl
cthers, yieldss= TO-95%
(B cxamples)

Deprotection of
tetrahy dropyranyl ethers,
yields = TH—9% (9 examples)

Deprotection of
tetrahy dropyranyl cthers,
yiclds =80-90% (9 examples)

27
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Conditions Type of reacton'yiclds mimber
ol examples
— KF-ALO, oH
" U_ﬁ)_{} W _t_.: . _‘L Cleavage of sullonates,
R "'T' g o _..r-:f‘ R R yields=83-90% (14 examples)
&
1
g = KFALO; " o
»N_ﬁ o —_— i g Cleavage of sullonamides,
=4 o - yields=TH-K5% (11 examples)
O pyridineHCl %, -OH
| Cleavage of alkyl ethers,
q g = yields=T4-25% {11 cxamples)
':'H Clava .
— F:v OH Cleavage of benzyl cthers,
Rvﬂl yields=TO-KE% (13 examples)
j’\ oy K.CO, or NaOH
HI 5 5 OH . _,.,-{ F-noy] de i
. H HS 0 S-acy ot Lo,
;O-dioxane yieldse | (0% {4 examples)
R'= Mg, Fh
N;NH BiGl_.I-THF Regencration f:l'cuﬂx:n}'ls Iirlum
)I\ . j\ hydmzones, yields=75-08%
]! 2 cal. H,0 R’ R? {11 examples)
0 MH,

BiCl.-THF
h.i’HH 1 j\

i 2
1/]\ cat. Hy0 R R

R TR
H
l;D o
—_——
A o
f kEF-clay
A 50, Ma Ar H
EL,MH,C=-EtOH
P Tom T (1:8 PR g
. &) ol
EE{]-_'I__F_E I-‘PD-J_-_%
OBz OH
Ol OMe
s
o] R a

./\:’-,‘?]\3 K0 clay ,\‘)I\
o me
" Pte A

/]I _| solid support /[i]
Qhg H
N D —  oN" o
o

Regencmtion of carbonyls from
semicarhazones, yields
S5-1% (14 examples)

Regencmtion of carbonyls from
onimes, yiclds= W-97%
{14 examples)

Regencmtion of aldehy des from
hisulfites, yields=H5-9H%
{12 examples)

Deprotection of heneyl groups,
yields=T 1 -TE% (3 examples)

Ester hydmlysis, yields
0=97% {20 examples)

Dreacylation, yields—5-49%%
{4 examples)
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Conditions

Type of reactionfyiclds/number
ol examples

0
- |
- \/JJ\NH NaOH 4% A
deethyleneghycol
—= Basic amide hydmlysis
SID:- Na' Yield=86% (1 cxample)
HO" "oH HO" " oH
M
ks
O Me [ > o] O Me
e j\ NTMS A j\ Silylation, yields=G3—99%
s T T/ P07 N T/ {§ examples)
H DRF
OH OTMS
COMa Ohde
4-TEDMS- ~
3-penten-2-one Silylation, yields= S6-82%
I, DMF {§ examples)
T,
HO TBOMSD
= 0 (R,Enk0 or R5n0 =
R e ="
o7 ar R,Sn0H OH Saponibcation, vields
R! = Me, CH{Me), n=23 O—-100% {12 examples)
R = Me{CH,};, C{CH, ), and Ph
Esterification and transesterification
Conditions Type of reactionfyicldsnumber
ol examples
| |
D RIOH o]
| . l\ Esterifcation of 2,4-
cl T, 0 OH Si0, Cl o o’ diich lorophenox y-acetic acid,

R = alkyl

(. (o]
X N J

Fn” OMe
Ho A
|

O - KOOy, TBAB, OMF
o

K,CO,, TBAB, DMF R

P T j\ Ph
Cl'g}L— R e D—Q'i:l_
HO ’Hg\ — Rcoa/f%
oo

OMe

yields =95 99 % (9 examples)

Transcsterificaton-,
hensoylation, yiclds=60—96%
(T examples)

Transcsterificaton-, mixtume of
mondocsterication and
dicsieribeation, yields

15— 1005 {9 examples)
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Conditions Type ol reactionSyiclds/mimber
ol examples
HO 0 R DM Transesterfication-, mixiue of
o products, yicldss 44635
" OH KQCCH BTC {5 examples)

DRSO or DMF B

0 MNH g
2
O ow « J I e OA{,A@L\
EtD =

poly(styrane-ca-allyl alcohol)
soluble polymar

o Q neat
Q/\DH * i JJ\/JJ\ 2
R R
polylstyrana-co-allyl alcohol) R'= Et, Bu!
soluble potymer

(:)xﬁh f*hqfhhﬁ

R# = 0Et, Ph

OH Ae,0 —OAC

Ho — AED/S:},:-%.«GAE
OAC

HO on O ZnClorKOA  AcO
nrNaOAc

o]
X ®
o o '
. =
O —_—
Q

CoH
MSaMeH

—
M | OH H
H ]
\@\ Si0,
_OoH * R-CH 0.

& - 57TR

I R=alkyl 1]

0

- i
EtOH OH
G s] R
W R R
0 0

QO o g
Zaolite HR -
., e R.,Jvki

RZ

Transecsterification-, polymer-
o product was further
claborated, no yield guoted
{1 example)

Transesterfcation-, poaly mer-
bowned product was further
claborated, mo yields quotad
{3 examples)

Peracety lation, yiclds
BO-98% 6 examples)

Esterification-, solid supported
reagent, yiclds=HE-426%
{49 examples)

Esterification LnBry catalysed,
yields= 41 -84% (17 examples)

Esterification, yicld=497%
{1 example)

Sulfinate esters, yields
H5-95% (10 examples)

Synthesis of onthophthalic acid
moneesters, yields=2E-90%
{ B examples)

Trnsesterification, yiclds
G255 (6 examples)
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Conditions

Type of reactionfyiclds inumber
ol examples

R oM A0 R oA
Yy
= =y

o A
Ao, O, L
R
F_F o]

F i et F F_r: o )
e T TR — F:’\L\_- %«0#4;

F

R

N

[
P - Aliguat 336 — T i
P, e TS R )
oH K,CO, X
R = H, NMe,, OMe, CN, NO,

R
—H HT&

Esterification, yiclds=492—498%
{4 examples)

Esterihication of cnols,
yields=0-90% {10 examples)

Esterihcation-, derivatization,
o yiclds quoted (6 examples)

Esterification, yiclds
D5 - 1005 (5 examples)

HO™ b - & ¥ RCOH "D"?I.Ym'_"?‘f' HD’TL"O‘ ° E'“rdﬂﬁc:’lri‘m:i ;’I;gwm'
— F3 ) yieldz=92 an h
HO HO SMe diethyl ether HO™ o llcnrn.-la 12 examples)
)OL Bu,Sn0 o
u,3n ;
OH re
R_f/- + “Ff“\-‘:%r cl ETEN, Selective esterification,
e OH L MeCN R H vields=(-92% {4 examples)
o OH A % DAg o
| : e | (-acylation, yield=60-80%
e = (1 example)
Heterocycles
Conditions Type of reaction/yields/number
af examples
o Ar O
o o
NH, QA
AFCHO + | Acridine, yields=50-T(%
ALO, {5 examples)

CO,H
i : R bentoniie
I 2 —

&
Hi

NJ
- P(CH,),
R o
“‘rlq 0 PhNG,

Acridone, yieldss TO-E5%
{5 examples)

Azaindole Aza—Wittig reaction,
yield=40% (1 example)



Cond itions

Type of reaction'yiclds/number
ol examples

EWG EwWG R
i Br Br bentonite R\W, “'Tr‘"
R—mNH, + - M + Nf
R EWG é- Il2
EWG = COPh, CO;Me, CN, COMe A B
COMH,), o
HaOEL —
o~ CO,Et .
\/\T/ . M
CO,Et EtOH J;L
o] H 8]

0 Et
/U\:’i ©: A H: Fhie Cr M
F.C ot * I
COCF
MH, :}I/l\J !

HN. = neat R
O mﬁf
"—\R] R?/\ﬁ‘\_,l/

- Ar neat M
e OO O
H CN H CH

“ © EAOH S N @
o pyriding =
il R — ___.l
- MHy o PhNG, M
. H—r
o R H i -
SH Bi0, 8
ar
K10 clay
H
M-

F.C- R
’ \©: xylena \Q COCF,
Food

Aziridine, yields A andfor
Bol— 100% (14 examples)

Barbimric acid, yield= 8%
{1 example)

Benzimidazole, yields=R6-492%
{3 examples)

Benzodiarepine, yields
RO-92% (K examples)

Benzaolg imidmo

[ 1.2~z pyrickine Diels—Alder
reaction, yields=R0—91%
{6 examples)

Benzoluran, yields= 9965
{H examples)

Benzathiazine, yiclds= 63 -6R%
{6 examples)

Benzothinzale, yields= 6] -98%
{10 examples)

Benzoxazepine, yields
TH—E9 % (4 cxamples)
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Conditions Type of reactionyiclds/mumber
ol examples
Ei 1 I:|:I
R £ CoOH =1
OBt + | neat Benzoxminone, yiclds
® oel RE- P . P T6-94% {6 examples)
NH, R NT TR

1

R NH,
ArCHO + D:
R OH

— = |
R 0 "L‘A:

o=-DCB

O piperiding (cat.)
HClig)

R S N
b A=
ethylane glycol \@ /{Z —
E1OH .
Me g
5H
Q- O =
[ .
. MH,
Cﬂ'}zM& o]

Et '
R NH, KsFclay R~ -8
I~ T"OEt * — | S—R?
QEr rR* H‘EH i Y|
I
Nﬁﬁ/g Cul-pyridine -
R H R R -
B-g
Br s

OMa

e O praa Ry
EI
R CHO -
. YR cog Pipaidne
R OH

'

Benzomole, yickis=R-97%
{17 examples)

Benzopyran, yields=T1-EE%
{11 examples)

Benzopyrman, yields=21 and 27%
{2 examples)

Benzothinzepine, yields
53-65% (5 cvamples)

Benzothinrzepinone-, reversihle
dimtereoselectivity, yiclds
T5 and B4% (2 examples)

Benzothinzale, yields=T0 amd
T4% (2 examples)

Benzathinzale, yields=T0 and
T4% (2 examples)

Conmamn-2-one, yicld= E5%
{1 example)

Coumanin, yiclds=55-94%
{16 examples)



Cond itions Type of reaction'yields/number
of examples
ra Hi #
R‘\)J\ M A - | | Cowmarin, yiclis=35-68%
ﬁ a' S e {4 examples)
OH
. N._o
(0] aQ hl"" \""-ﬁ"
O HN—NH, ok Dimaphenalene, yields
K_bmcl S4-E1% (2 cxamples)
ay
Ar Ar
CF
Y w N
- * ! :I:}llE ne 2 2 _. 2
Fa': iy L\ —_— ,.-‘r R Dimeepine, yiekds=T3 and T7%
R r»,,||.|1 M- {2 examples)

H

U\ * . :-::.rlene
R OEL
MNH.,

E‘Z@“

R
= 8,-AIC,
W

DEt

Et
Ot
EIOH
[ o /L /JI\ |
NH, o &
1 TaCl, "
1, By
H H "

OH R
KD clay
R

DMF-DMA,

THF

Hz

B

Dimepinone, yields={2-9E%
{11 examples)

Dibenrathiophene, yield=55%
{1 example)

Drihydropy ridine, yiclds
B1-96% (8 cxamples)

Dricecane, yiclds=TE-9%
{9 examples)

Flavone, yiclds=T2-H0%
{7 examples)

Isoflay ome, yields=T1-91%
{4 examples)

Hydantoin, yiclds= B1 -94%
{6 examples)
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Conditions

Type of reaction/yiclds/number
ol examples

0 0 NH,OAc AN
B T
r i

AlLO, Ar

An

R H
neat M
+ COMNH, —= || =0
N
=
OH H

0 NHNH, AcOH
N R
H
A
CE f’ HER{CH,CH,C o F ), CE'Q
P —
M "M
]
R

h catl, AlEN
R=Cbz } BTF

NG n Phie MC. .M
T "
o

<f::]':._.le
' H,S0,
e
L,
H

_XH

o
Cl xylang Ar N Ar

X =0, NPh A

RL— g2 neal
o]
R1 F'f . | KN"P"[ neat
; i
R o )
! NH,OHHCI

¥ MM " —( RH
R| —_— H2 +Ar/‘L\ — i + P 1

Imidazole, yields= GE-K2%
(K examples)

Imidazolinone, yields=GHi-E2%
(K examples)

Ik le, yield= 1005 (1 example)

I limee, yie Lo 935
{1 cxample)

Indolizidine, yields=32-84%
{7 examples)

Isatin, yields=&]-85%
{5 examples)

Isoxarole, yields (A)=25-T3%,
yiclds { Bi=i-22% (K examples)

Isoxazole-, capiure by
dipolamophiles, yiclds =55 -65%
(K examples)

Isoxaroline, yields=50-9%0%
{11 examples)

Isoxazoline, yields=63 and 6§7%
{2 examples)

P-Lactam, yields=H3-90%
{5 examples)
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Cond itions

Type of reaction'yields/number
ol examples

o

NH,OSOH .FJJJ\'

N

Si0,
o Ar
o
oH 1 Ac0 4
o R 0 0
-
MMF
| T TR '| =
Eon g e
a O
CH.O .
‘HN_J'I\ - tEHO, KN’JLN“’"-
NoH - .
K10 Clay -
(g
R'___(:?N“Giﬁz AlaDy N"D. R
y —_— WS
NH, " =N

i H : Burgess' reagent H—H
M R ()
R M — l_,.r{\ P
H \E/ THF R™ "p” R
R R’
/ﬁ\ /J\( ] Burgess® reagent M
R r
R M
N D THE R |_,_/JL D_)-\.._R:I
O.Ma CO,Me
i‘ Me0,C——,
W™ TGO Me CH -
| S

o
@ neat C(HD
o
CHO = cHo
ZnCl M
H,M 4
R—CN + 2 X\GH — Y—r
a
1

(CH,QIn R i
cron

o]
KL
R OH

I8 Kioclay =g
H N R{H)
| ) N\©/H S¢l; (cat.) @: i‘ﬁ/
= e AlO, 5 ~F

HiR)

Lactam, yickizs=H0—E6%
{6 examples)

Lactone, yields=&—R6H%
{6 examples)

Naphthopy mn, yiclds=T75-96%
{6 examples)

Oradiazinone, yicld= 67%
{1 example)

1,2 4-Omadiazole, yields
S0-95% {9 examples)

1,3, 4-Omadiazole, yields
GE-B0% {4 examples)

1,3, 4-Omadiazole, yields
TO—2E% (16 examples)

13- meole, yields=T2- 1%
{11 examples)

Oazoline, yield=83%
{1 example)

Orazoline, yields=4 3945
{15 examples)

Orazolidinone, yields=91-96%
{14 examples)

Phenothimeine, yiclds=48-945%
{4 examples)



Conditions

Type of reaction'yiclds/mimber
al examples

@’ 0T =0

o)
o e N
NH, HCI H HCI
i ZnCl,
R co.R? ¥ E——
z e graphite

CHO

N
HNT

NCT CCOE + @

graphite

—_—

COMe

CO,Et

maal
+ HNNHR' ———=

Ph
W=
|
L

Fh

NH, DA
—_—

AcOH

-5

R]

Phenoxathiing, yield=85%
{1 example)

Piperaine, yields=18-51 %
{7 examples)

Pyran, yields=54—K7%
{3 examples)

Pyrazole, yiclds=HT-H9%
{10 examples)

Pyridarine, yields=&0- 93%
{4 examples)

Pyridazinodione, yield =84%
{1 example)

Pyridarinone, yields =97 -9H%
{4 examples)

Pyridazinadione, yvieks
A0-ET% (9 cxamples )

Pyrazole, yields=T5-K3%
{4 examples)

Pyraroline, yields= T3I-EE%
{11 examples)

Pyridine, yiclds=T0%
{96 examples)
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Comd itions

Type of reaction'yields/number
ol examples

Hi
e NH,08c
R/ j\/ R+ t% CN
=\
CH

o-DCE
0
1
R H cN ALDy " R R’
2 | y HJ | e
R NHAC R HH,
! M= 5
5 N “iH}L““M.I nesl SN :" ';}
e Ny TN
) M M
|I e N‘D:
o

-0
MH, o " L"
o
C5,
I 2 G
W \
H MeOH = TN }-_f;)
H N =
HS
R!-
2 H 1
R EN naat H\%\rgﬂ
— * s, —
B0 R’ R ”ﬁf”\)
(o] H Y
R
¥ H o] 0 o)
J-I\ EM 3 R:'x_ ~H
HH NH, * - R . OR o | M
L J FPE
o
X=0,8 R
MH, N%_,-CG?EI
R s OEt o R | P
U0 e X
R s N Eo,c” CO.Et " ~

0,Et

CO,Et )
R—NCO  + @[\ " neat ‘ﬂ%
M l.l‘-. ?_'_\' I N-..Ft
H
A O
A 8]
o
neal N -
R-MH, + e f,* -
o R

Pyridines, yields=68-TE%
{ K examples)

Pyridine, yiclds =81 -KR%
{12 examples)

Pyridine, yiclds=32-84%
{ T examples)

Pyridinone, yields=guantitative
{3 examples)

Pyrimidine, yield=95%
{1 example)

Pyrimidine, yields=60-92%
{5 examples)

Pyrimidinone, yiclds=6H3-95%
{15 examples)

Pyrimidinone, yields=R0-K3%
{6 examples)

Pyrimidinone, yields=52-K2%
{6 examples)

Pyrrole, yiclds=T5—91%
{ K examples)
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Conditions

Type of reaction/yields/number
ol examples

ooV
ArCHO 0.0 ‘
MH
LN

neat
O Bu'OK
| + R—CN ——=
F T NH,
0
(/\\)'L N
~ 5 OH 1 ) PTSA ‘W
;\J/,,J\ + R-C[OEl), + R—NH, —s P
NH, M r'
O,N CN =
- /N =
N’l\( E10H -;:9]'\.
%] Ch
cl
H
|
dc b KSF Clay
+ —u
NH,

R?
R‘@\ . R!MH‘__,)YRF InCly-5i0,
R
NH, a
Et0.C
LY
' |
cl M 2, NalH{ag.)
H cl

Pyrmole, yields=60-T2%
{16 examples)

Pyrmolidine, yields=15-37%
{3 examples)

Pyrmolidinone, yields=Gi-ET%
{3 examples)

Quinazoline, yiekls=T31-93%
{10 examples)

Quinazolinone, yields=T72-89%
{49 examples)

Quinazoline, yiekl=61%
{1 example)

Quinaline, yields=45-T2%
{10 examples)

Qi line, yiclds= 55-87%
{15 examples)

Quino lone, yield =TES
{1 cxample)

Quinone, yiclds= 2] -492%
{5 examples)



Cond itions

Type ol ractionfyiclds/mmber
of examples

O
MH M R'
R1,ﬂHT,DkLF j:jiI: T el [:::Ii'il:
-
-4 = TNH, N R

RZ

PS = palystyrena

R’ R’
o NH Tall,-Sid, N
+ [T o Y —— O
%’\ ? it
fa] o

s
NS
H=p
Z2
y R
JM_{
pTsOH
— = R~ _N‘}fs
DMF VY

sastloess

0 NHz
-~
Y
H R
. R
R
jeEgle
o]
HM™ 5

HZ
HSCH, CH,COH
—_——
E10H :
R

K10 Clay fl,-
R

-5
3Ce

Quincecaline, yields=20-93%
(K examples)

Succinimide, overall
yields=60—65%, alter cleavage
al acid from resin. (3 examples)

Tetrdhydro-, guinolone,
yields=TO-R0% (T examples)

Tetrmine, yields=51-65%
{10 examples)

Tetrmrole, yield=T3%
{1 example)

1,3, 4-Thiadiazole, yields
TO—100% (31 examples)

Thianthrene, yield=495%
{1 example)

Thimeimone, yields= 62-84%
{5 examples)

Thimeale, yields=R5-96%
{14 examples)
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Conditions

Type of reactionyiclds/nimber
al examples

El Br |
NE N“}T/iN CuCH

X )
= S—g pryridine

S ST

l_,ﬁ‘; a

i_i pTs0H H\C\’:]: NH

] ALD, 5
- E = MR
H'-j\/ Gl RHHJJ\NHF‘h }{\ -}p

_Nl
R’ Ph
= MaNQ, | Sy N.;}TfR
MNs R = !
NN R ACOH TN
H H;O
N\\.
L
— !
PR o
-
Lz 2R
g ;
- Rk‘—“:'
H,MNH, ZHCI HH,
HMNH, H,0 '
Ar—CN —_—

M
F'J‘-_‘Il{ ‘E_:—"Ar
M—HN

athylene glycol

0
O
'_,i-l\_ R-MH, e ,J'I\ -
< e ooy, % NN

K10 clay I\ J

I=
I=

Thiazole, yield=53%
{1 example)

Thiazolidinone, yields
S59-T0% (4 examples)

Thiazolidinone, yields
59-T0% (4 examples)

Iminothimealine, yiclds
TT-9E% (12 examples)

1.2 4-Triazine, yiclds=GE-KE%
{6 examples)

1.2 4-Triazale, yiclds=84-492%
{ B examples)

1.2 A-Triazole, yiclds=6] -497%
{4 examples)

Triazone, yiekds=T1 -84 %
{6 examples)
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Cond itions

Type of reaction'yields/number
of examples

lipase
* R'GO,RT —=
flerisil

= Alkyl,
Ri=Et H

Q

R Q
>_?; ", bentonite - Et,N R\\
———

Br Br

A,
=T 4 gy

O\/ f HEnICH I:HZCsz.,;,
BTF

R = Chz cal. AlEN

M. MH,

e
(7™ 2 e

X r" “H
XY =CM

=
R NH 4 %
0 [
R!

Docarboxylation, yield=96%
{1 example)

Enzymatic resalution,
yielde=36-52% cem 32— 100%
{5 examples)

Elimination of HBr,
yiclds= 1005 £ 5545
{4 examples)

Phosphonivm salt formeation,
yields=E3I-90% (T examples)

Radical immmalecular
cyclization reaction,
yield=93% (1 example)

Threc-component reaction,
yiclds=56-ER% (14 examples)

Threc-component reaction,
yields= 1 5-63% (5 examples)

Pyrmole three-component
reaction, yields=6-T2%
{16 examples)

Mannich three-component
reaction, yields=6-E3%
{12 examples)
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Conditions

Type of reasctionyiclds/mumber
ol examples

8]
O-w - X . L

H R
Tentagel 5 RAM

29 DCMMeOH O
[0
H NS0, H-ALO,
R.FJLDH —_— R—=nN
o]
MHOHHCI
RJ'I\H —_— R—=N
MNaHS0,-Si0,
_oH  HS0.8I0, .
1o N —_— R—=N
“‘\-\.iOH \ neat 2
| - R — - R|_<
- OH 9
0]
R——=—n  ag. MaOH-PEG 400 =}
= NH,
N =N 2 G-lulidine
ar” — = Ar—N——=35
5
j\/\ Cux, 0
1 J\(\ 1
Mz R Me R
X =0Ms, OTs, OMNs X
it L s
dWass0n rsaganl
F{I"JL' # I/ﬁ‘H 2
R R R
j\ Fe,NO, or NH NG, 0
——
r' R clay R1)LR2
i Bu,Sn0
L !
VJ'L. —— L=p
R MH,  Phme
O 5, NH,(ag.) -
{5}
R T Ry
NH,
0]
S O 5, morpholine
1 N o
P WS
i NIMF

HI

R-NC H
— Oy
OH ’:;l\

R2C|'

Ui Fonr-com poment
condensation, yields=24—96%
{18 cxamples)

Conversion of carbox ylic acids
1o nitriles, yields=20-93%
{20 examples)

Conversion of aldehydes o
nitriles, yiclds=R0-97%
{11 examples)

Conversion of aldoximes to
nitriles, yiclds=6Hd—2]%
{12 examples)

Conversion of nitriles to
carbowylic acids, yields
G0 1% (B examples)

Conversion of nitriks to
amides, yiclds=2]1-421%
{14 examples)

Conversion of thioanilides to
isothioeyanates, yields=54 and
5T% (2 examples)

Sulfony legylation, yields= 55—
RO (18 examples)

Comversion of carbonyls to
thiocarbonyls, yiclds=ThH-49T%
{27 examples)

Conmversion of thiccarhonyls to
carbonyls, yields=HRE-95%
(& examples)

Conversion of amides to
nitriles, yields=R1—95%
{12 cxamples)

Willgerodt reaction,
yields=61-T2% (4 examples)

Willgerodt—Kindler reaction,
yiclds=40-E1% (& cxamples)

Dehydro- | sulfenylation,
yields=R0-99% (12 cxamples)
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Cond itions

Type of reactionyiclds/mimber
ol examples

, PH MO, R
R 5 e 58
clay &'
L e &
— Sp — Se-5e
FESH- 4 \‘Er PEG-400

o]
[+
R H
J THMSCI
1 -l —
R R K10 clay
A,
T —_—
H  hydroguinone

i A CufMO ),

——

ff"“‘H AGOH-H,Q e

%W,  HNQ,
R — = R
= M50,

Drizulbde fommmation,
yields=5T-98% (13 cxamples)

Disclenide Formation,
yields=T2-91% (K examples)

Azo formation, yields
HO-K5% (12 examples)

Azo formation, yields
HO-100% (6 examples)

P-Trimethylsilesy nitriles,
yvields=3E-6T% (5 examples)

Bis-{trimethylsilyl) pinacols,
yields=56-90% (& examples)

Dimenzation, yield =491%
{1 example)

Mitration, yields=50-92%
{6 examples)

Mitration, yields=5T-849%
16 examples)

Organometallic reactions

Cond itions

Type of reaction'yields/mumber
al examples

|
O o=

HSNCH,CHLC, F, )

cat, AIBN
COLEL

cat, PdiQAc),, Cul
OMF-BTF

Hy drostannylation and vinylic
Stille coupling £/&=5:1,
yield=TT% ({1 example)
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Conditions

Type of reactionyiclds/mimber
ol examples

SN(CH,CH,C,F .1,

. |
Rl

HI
|
: ®
CMF

X = Br, |, OTf

Pd-Cul-PPh,
KF-ALO,

—_—

R B{OH
—

HE
' ﬁ/ FIdCIZIPPha:I:
——
R Lic!

b2

Pd(PPh,),, Na,CO, o &M O

DME-EtOH-H,0

= i

N

cat. Pd{PPh,),
Na,CO,
- +  AfB{OH),

MNH DME-EIOH-H,0

1. Cul

B(OH), pyridine-NMP
—

2. TFADCM AN \@

7N

HH

o

OAck o

“\jn

O -Bia-
)l\rrcmu . < @\ Pd(OAc),-P(o Tul};.t A
-

o Br CsCO, 0 0
Bu,N'Br
DMF
ot FdiOAc),
PN @/ dppf | ~ SiMe,
Et,N
s
R MelH R
Pd{OAC), g2 1
RS 1 Et,M —
HO%"D"‘-‘F"’-} + M HJ
< o m T e
X =0T, Br OMSO II‘"—J'II

Stille coupling, yiclds= 49—
Q6T (16 examples)

Sonogashira coupling,
yields= 67-9T7% ({12 cxamples)

Swruki coupling, yields
JE—96% (9 examples)

Swruki coupling, yields=gd4—
G0, alter cleavage of amide
Irom resin {14 examples)

Copper-mediaied C-N oross
coupling, yields=55—6d %
{4 examples)

Heck reaction, yields=25-K9%
{6 examples)

Intemal Heck reaction,
yields= ZR—68% (K examples)

Heck vinylation, yiclds
A5-89% (§ cxamples)
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Cond itions

Type of reactionyiclds/mmber
al examples

FaiOAc)PPh.),
e
MadAe
Ohda,

Intrameslecular Heck reaction,
yield=53% (1 cxample)

Asymmetric alkylation,
yields= 96 and 99%

= = - cem BS—H50 {2 examples)
P [{h*CH,}PdCI],, ligand
BEA, KOAD
MelM
R H
Rz_:'- Tab 3 Mucleophilic reduction,
— - = yiclds= 50 and §3%
. OTs HOCH,SOMNa2H0 R &' {2 examples)
KOH-A1,0,
L
CO —=  ML{CO
M(CO), diglyme HEQL Cyelometallation, yiclds
) SE-90 % {12 examples)
L = bapy, en, dppm or dppe
HgCl z
Jy g ;
= qu.ﬂffs\{l, K,o0, = 5 I
ﬁ * W = R N Hg-S‘_‘III/ 7.) Cirganomercurials, yiclds
o N—M OMSO i ;5—;-; BE-EET {12 examples)
RI
. - H.N MH, o )
M« @ o] —_— _ | .._._r.!,-|-_ = Metallophthalo-c yanines,
-__,{ o, { l!\l %—f‘ yiclds=BA-0 1% (4 examples)
0 N—? =N
M = Cu, Ni, Fe |
N
Oxidation
Cond itions Type of reaction'yiclds/number
ol examples
OH - . 0
nenenidazosum ' Oxidation of henzylic and
D oM ichromate oM allylic aleohols, yiclds
' NHCOCH ccl NHCOCHC T3-97% (12 cxamplcs)
O.N e ll:li 4 N ';

2 F i



Conditions

Type af raction/yiclds/mmber
al examples

Ff'\[/DH pCC RL__O
o Ry
DeM R
R..__OH Clayfen R-. _O
i
R R
. Bu'C,H
H"‘\ld.-DH -t—:.-l.-:-lf..,. F‘t.l'h._ =0
RY maolecular sisvas =

@/\DH
diethyl ethar
OH l-'lnl.'}g
HO " benmmte

©’

P

T

bis{trimethylsilyl)chromate

T

0" "o
Na, W0, 2H,0, TBAHS

—_——

0% ag. HO,

R

HIﬂOH

0
OH  MNaOCl

——= HO

K10 clay

—_—

(0]
F{'JLDH

OMs0 oH

KSF clay

NaBO, 4H,0

e

H,O-dioxana

Se0,, BuO,H
—

S0,

CHO ,
©/ air
———
neat

1_7uq Nald,

1 2
R™ R Si0,

OH

bis(rimathylsilyljchromate 2
K10 clay

1;—?'& 2
R 12‘)R

Oxidation of primary and
secomdary alcohals,
yields=TO-9% (14 cxamples)

Oidation of primary and
secomdary alcohals,
yiclds=HET-96T (K cuamples)

Oxidation of secondary and
heneylic alcohols, yields
IE—4T7% (T examples)

Oxidation, yields=52-K2%
{3 examples)

Oridation, yields=30-100%
{5 examples)

Oiidative deprotection,
yiclds=T5-492% (10 cxamples)

Oxidation of primary alcohals,
yield=60-E4% (4 examples)

Oridation of o-swhs i ted
carbony ] growps, yields
G525 (9 examples)

Oidation of epoxides,
yiclds= 5520 (6 cxamples)

Oridative deprotection,
yields=HI-96% (11 examples)

Epoxidation, yields=T3-493%
{6 examples)

Owidation of allylic methyl
groups, yicldsohE-E5%
{6 examples)

O idation of aromatic
akdchydes, yields=58-K] %
{12 examples)

Oxidation of sulfides,
yields=TI-93% (16 examples)
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Cond itions

Type of reactiony iclds/mumber
al examples

OH

Ar ———

| = =N KMo,
= g T
Al O,
o
ar -:‘-BI' DMSO [:I'k .,-"0
}_'-. —
R e R 8
o R o phanyliodine]lll)
J.L trifluorozacetate
EtD | /TI,\ OEt ENO
]
H
7 Yo 2

Oeidation of hydrosy ketones,
yields=TE-%5% (15 examples)

Oidation of arencs,
yiclds=T0- 1% {5 cxamples)

Oidation of 1,2-dibromides,
yields=51-T5% (K cxamples)

Oidation of 1,4-
dibydropyridines, yiclds
GE-90% (9 examples)

Oidation of beneylic bromides
1o aldehydes, yields= 15-92%
{6 examples)

Owidative cleavage of
substitmted cramines,
yiclds=11-E3% (3 cxamples)

48

R' H AO; R o=
H
R, R G
) MnQ, i Delydrogenation of
5 - pyrrodidines, yields=5 8965
R AN Si0. N'} (10 examples)
| r
R' R
o}
©/ V20s7TI0; ,r‘k oH Oxidation of toluene,
T yield=S1% (| example)
-
Rearrangement
Cond itions Type ol reactiondyields/number
of examples
" OH
. HKOHHO Benwikhenzilic acid
A ~Ar —_— O reamrangement, yiclds
celite Ar g 2 SH-UR% {5 examples)
Q
~OH
M K10 Clay o
-/‘”\ /' N
H1 Hz H Beck mann rearrange ment,

R' = Me, Ph, Cycloalkyl R = Ar, Cycloalkyl

yielda= 2 1-96% (6 examples)



Conditions Type of reaction'yields/number
ol examples
Q OH
Py OH
R* T Frics rearmangement Mixiure of
K10 Clay i R o o= A) and para-(B)
i — g! = prosduets, A wsually major
! = | product, yields=5S0-97%
o A (,;i\ R? {13 examples)
Rz = Me, Ph
AICI -ZnCl;
Fries rearmangement,
slr.‘;l2 yields= TI-ET% {4 examples)
i 0 ,
graphite Rearran gement of O-aryl
Ar N~ = Ar— S-J‘L N N, N-dimeth yl-thiocarhamaics,
| | yieldss I—W1% {5 examples)
H .0
N,_{; M. .Cl .
POC,-pyriding S e Rearran gement of
l,}““—\ I e beneodimepine-diones,
M) yields= 2—53% 6 cxamples)
T s
HM. .~

ACO=v3 g naat P-.:I:Iﬁ&
AcO O HOy ;’ Aoy
OTs  ACL-ZniL,
Rl L R
sio,

CHO T, CHO
MN,M-dimethylaniling
_,-’ —_—
Ohda O
L =
w0 BIOK 0F”
FEI' I — R
o DMSO =

R AICI,
\© + GeQl, ——

-
ROH

: MeC(QE),

R
R>=\—0H ELCO,H

DMF

R

R

Ol
}—GEE

_--\.

Ferricr reamrangement,
yields= T2-83% (T examples)

Thia-Fries rearmngement of
ary lsulfomaes, yields=67-492%
(& examples)

Rearmran gement, yicld= 65%
{1 example)

Isomerisation of propargy|
cthers into allenyl ethers,
yields= T4-92% (10 cxamples)

Syntheses of alkyl- or aryl-
halogermanes, yiclds=801-495%
15 examples)

Isomerization of safrale and
cugennal, yiclds= 98 and 9%
{2 examples)

Ortha ester Claizsen
rearmangement, yiclds
HO-92% (1] examples)



Cond itions

Type of reactionyiclds/number
al examples

florisil

Q

Thermal reamangment with the
wse of Norisil, yield=493%
{1 example)

Thermal reaman gement,
yields=d 5-69% (9 examples)

Reamngement of
-y lo yaceto- phenones,
yields=50-66% (4 examples)

Reamngement of hydroxy
coumarin propargyl ethers,
yields=fhI-82% (K examples)

Reduction
Cond itions Type of reaction'yields/number
al examples
Reduction of aldehydes and
R! ketones, yields= 6X-93%
R {9 examples)

H“‘N’C‘H natural clay - CN
R — R
EPZ10 or EPIC e

or EPZG
8]
R' MaBH,-support
R —_—
R!-
j\ 1. K10 clay HN
g gz bOHN-R —

2 MaBHK10clay R R

) r' 1. NH-FhiMe ) = B
Rd e R‘
o

2. KOH

Reduction of aldoximes to
nimiles, yiclds= 52-95%
{21 examples)

Reduction of ketomes,
yields= Bl -98% {10 cxamples)

Reductive amination,
yields= TE-97% {24 cxamples)

Waollf -Kishner reduction,
yields= T5-9T7% {12 cxamples)



Conditions Type of reaction'y ieldsinumber
af examples
B Ph Bn Ph
j;‘/ HCO,MH, j;‘/
5 “\r Raney nickel Ny Allyl reduction, yields—80%

Sy

F

Bn
CO,Me
ot
N

I
Ar

CO,Me

—_—

HCOH

o PMP

/ ethyleng glycol

108 Pd-C
———

HCO,NH,

A
HM..,
Ph
@i “
R

e
J@w

|

N

i

10% Pd-C
———
HCOLNH,
athyleng glycol
L
NaEH, 5= OH

o Hoe

A0, {H\ i :

Ry
e

S 2 COMe  goe o0 s - CO,Me
ON = EI0H /@/\J
HNT

O

' co,Me
GM

M
Ar

CO,Ma

10% Pd-C
|-|t:'a:'-2 NH,

o

paraformaldehyde

NaDH ﬂz:jjf““

HCONH, J\

HM H

W‘J“Rz

HEnCHLCHLC F ) )y
cat AlBM

MaBH,CMN e
ETF
BuOH

nsal I&

1. MsCl, NEI:, rt, 24 h

2. DBU, P'hlf-l MW, 30 min

hid

15 examples)

Roduction of nitrogroups,
yields=55-99% (K examples)

Redwction of unsatmmated esters,
yields= 80 and W%
{2 examples)

Reduction of B-trimethy 1sily]
carbaony ks, yields= 60— 100%
{6 examples)

Dehalogenation, o yickis
apuenitied {10 examples)

Imine reduction, yield=4%)%
{1 example)

Cross-Cannizzaro reaction,
yields=E5-95% (11 cxamples)

Lewckan rafuctive amination,
yields= 91 -99% (5 examples)

Radical reduction reaction,
yield=81% {1 example)

Dehydmtion, yield=6E%
{1 example)

Dehydmtion, yields=T49%96%
{4 examples)
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unn 2

LANIIUIRE

2.1 wrzasilnisaeilnase®lalasian (OCRMJ Domestic Microwave Reactor)

[ %

> sy ¥ 9 Ao o o A o
andayanlinatanndesu Tulason iumealuladiniidsgniannld itesanniin

a

Winsldnanlunsininlgisedesndt wiliidesidusinanangs
o - L X = a A o laaa Ny
flaqiiu s uiiidsiinnay  Wesanfwsesindfisaaidanlulasm

v 1

aanamiiesiall Benpauaningldluniuan uazauANdnludE neldsvuunaniomas

AeaAung (gU7 2.1) Tunisddei Admuwiesasiulasiontiu suduwesesminlfisen
= v o =) o‘dl o/ é’ 1

i lulasion  aduAnnsvinnulnallsunsupeniamasiimuTwes dululnsnau

aLaas (Microwave Reactor Control Software via Micro Controllers) tneildnnen Visual

Basic Version 6 Mn13WeunTisunau

g‘ﬂﬁ 2.1 Commercial Microwave Reactor

AnsumnannlasrNN g lun1danvians  azninissantaamialulaanni
HlupirFawinld Faaoud 2.45 GHz Tasandaudnnisilasundsnulwdnliiduaau
wswan Wi nHaNdge uarindsnugainWiljisefinauetnmnidauay e fidus

nanange uazlffnulasialiarunsarinliselneds Reflux nelsianinglulnaaulsd
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211 s1ansaidnsal

wiraalulagian (Sumsung, M1932)
Electric Stirrer (Any band)
Tulnspeninaaad (gaknsia RS-232, ICL232)

AANNILARS (Pl 500 MHz, Ram64, Window 98 up)

2.1.2 n19M1M2 Reactor

Iispulasmevlulasnn Sumsung M1932  Tnsdnudasionanumyuuionses
awnseen wulane uazszuunemefrasauyueen uarldegiifiansiunuiulans
dl a o Y dl ¥ 1 a ¥ ¥
denAnfuAaen1Y  Elastomer nuln  anwsfilduiy  agilleanuny  wezsiaens i

. . . . % di dsj [~1
Magnetic Stirrer Waz Magnetic bar 114 Reaction Flask Mﬁ;lullﬁ Wasaninnnuulane
Magnetic Bar azlsiafuiag

1 v

Tiazaslulasnazainanaenaunn LavAAsY Electric Stirer IngukgALIANGN

] o o o

fNNNFINAUAIUNTN Lazad1a Port (RS232) iNesaduaunasiusia Remote control tive

o o

pouRnszazingld wanainil Idsuasasasuan sadindunass Micro controller AALIAN
ENUABNALLADS K11 Port RS233

v = . Y A g =
ANULIUABILATAN Microwave Reactor VLmLng \WWald Condenser @aNLLUNA

A o

A WHanunsnsaldnantiu Reaction Flask Neluanlulasnn druvuazfinfa Infrared

%

Thermometer #24m3aNWTiW Reaction Flask tansaaaauguugi luszudnanialisen

(g1l71 2.2)
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——— —

TUHMD w
30 sec

Power

Time(min)

gﬂﬁ 2.2 OCRMJ Domestic Microwave Reactor®

2.1.3 manmuldsunsulngld Visual Basic 6

uanannil Wimun Soft ware PILIANIATEY Microwave Reactor if Tneldtulsunsy
"1 Visual Basic 6 Saifienlsunsuaauassiin Micro Controller Tneilduannssail

Tsunsunien Visual Basic luldsunsuildairalusunsanlszeng drufussuy
Uf1#En1s Windows agl Visual Tduivanafausenlunisanseui graphical user
interface (GUI) Fannsaianalalaennaiinsasian muuvxlﬂa?uﬁﬁmﬁﬁﬁﬁmi@ﬁuEﬂ%mu
AanW g9 Basic fudiufinanefenisn BASIC (Beginners ALL Purpose Symbolic
Instruction Code) Tagl Visual Basic l§ulaguutlasainnien BASIC dufin daenisiiy

A6

srTapanda Harddu uazAedings Ninaqdaalaansaiu GUI
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WWIARY8Y Visual Basic \ultsunsutszenst Visual Basic luniswmmnluanin

0 o A

o

WINABNTBY windows T4 WUIAANWIWIWNIMINNUIENITLIL Windows TdATYR 3

1l32n13 A® Window, Events Laz 119813 (Message)

Tsunsuilszgnsl Visual Basic dnsvinauuuy Event-Driven Miflunnsiszunana

ANNAES LA Az ENLINaARLALAIAA Event @9 Event wiantauisnilagulnenismieny

effld  dnansresszuuviselisunsuilszansdan  sirannalulilsunsaiendu a1dunig

7174911984 Event azanannuinaannnisUssuaani4d

nsa¥slilsunsuiseans Visual Basic Usynausaadunaunan 3 dunau Aa

Im398519299 Project Na51971 aunnlsenavse lnduazdauian fal

neafdumeding  Tneiveduiludeuiariugnuuaniiunanesa  Control

ANMFUNTRAFANLIET I

a

v
o a Y

FeANAnaNLR WunTITuAngANTsNLaTNeNU LS LRARIN 7]
nsdaumds dlunnsmruAnnislszanananiu procedure fitivun gy
Private Sub Form_Load()
Text1.Text = "Hello Word"

End Sub

[

Form Modules (.frm) AN UdaANNTBINesH fa control ?{ﬁmﬁﬁwumm
GRIGEGIE uasfussiumalaznnarnssiunesusesinaed,  fauls  uaz
procedure N18UAN, event procedure LAY procedure V#'JLL‘]J

Class Modlules (.cls) A&NETL form module wsuansnaiazlifnissunauang
1§91 1 class module anunsna¥1edaniapasimunlaunsumniednds
INEBA UATANANLTR

Standard Modules (.bas) @M113ALN9LUENAAN public wazszauliga 189
Frpafiszinniauls Procedure neuan uaz Public Procedure

Resource File (res) wulddmudy, 4emdu Lmzﬁmaﬁuﬁmmimﬂﬁﬂu
wladlilaelideaudlodnds  wu  AWaunlsunsuansununsa¥ieldsunsu
Uszendifunenay  azaansaiuderuiifedeudld  walidtoudolu

resource file Wl project 4111308 resource file Wiea 1 Tdsa project
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- ActiveX Documents (.dob) A@T&ifiuWesu wamasae internet browser lag
Visual Basic 1qm Professional Waz Enterprise AN1904519 ActiveX document
- User Control a2 Property Page Modules el user control (.ctl) WA property
page (.pag) Lﬂli‘iﬂ@@ﬁﬁé’ﬂﬂﬁﬂﬂﬁy Wel LT luN15451969  control W52y
ActiveX WAY property page Fld gy AMFUNNIUAAIAUANTRTBINS
AanNLUL Visual Basic 7m Professional was Enterprise ANNNINA59 ActiveX
control 16\
NNELUB) ;
Components YN1eDg g M??ﬂ‘l:m@@ﬁlﬁmﬁﬂﬂu project i components #aNgl
Uszinmfignun w1l project
ActiveX Control (.ocx) sliFa Control WsANTignsaindn e Toolbox way
Wasy \flefinnsfnda Visual Basic IWATLFLUGY Control 184 Visual Basic aZldiunnadn
wenldeslaeaneassan (Windows/System) wanaNiE Control Uszinn ActiveX Fumasd
n3191979 uazgWamun Tl sunsuannnsnad1esia Control 1a3sniaalslugn Professional was
Enterprise

Insertable Objects ¥N18104 Component 11 & Excel Naunsnas1stuinatly

¥

dounilsvaslilsunsulugiuuy  Integrated  Solutions  Teagilunuiiannnsafiudeyans
NaSuNANUANANNTY WU IWANTZANMAIN1T (111 Excel) DALNL WAZTIaAQNN TIHIAIN
Tsunsuilszgnsinumnsinariv

References LHUNNTWANAL Control 1szinn ActiveX nsuan 11 ldlulilsunsu
dszgnsl niegneiwinlilnalaezdanaes Reference @adindasng 1wy Reference iy
Project

. . 4‘4' A ¢=4I2/ 24

ActiveX Designer Luwazasiialuniseenuuy Class Nfasni1saasan tngnisean

a ] o s A . A 9 ' . A o afy .
wuuN19RAsad nFuNasuNLlL Designer 3uAY @91 Designer IHLANR THANLUAIB1Y

Standard Control {12 Control N’lmﬁﬁuﬁ Visual Basic lAlsau A&
Combo box tneiazat/i Toolbox

Tunmasesi Temunldsunsuawes Insivinanaediilsunsuds U0 2.3 uazd

v
Code URIN1H1F9T
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[_[5]x]

[~ Miciowave Reactor Controller

System  Panels  About
Open Method | Save Method

Method

Manual Control

[ Microwave Reactor Controller - Control Panel

AL m
Operating Time: 0 S

Power Selector  POWER = 432 Walls

Port : lm

o |

/4~ Bunning Parameter - Method x|

Fuwell j ‘Watts Timel j Sec. Add

Watts [ Tirme [Sec) | Edit
Remove

Parameters

LDD}tJﬂla Microwawe kethod . :i‘ ﬁl

default. mth
hest

Fierane  [EE0 [

Files af: ;ypa I * mith j Caricel

I~ Openas reacf-nﬂh' >

‘a‘ﬂﬁ 2.3 OCRMJ Domestic Microwave Reactor Soft Ware ®

u



Program Code 18401141 Visual Basic N UNISNARRIN

Main

Dim Mlist As Listltem

Private Sub AboutApp_Click()
frmAbout.Show
End Sub

Private Sub ControlMenu_Click()
Manual_Panel.Show

End Sub
Private Sub MehodMenu_Click()
FrmMethod.Show

End Sub

Private Sub ShutDownMenu_Click()
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If Manual_Panel.MSComm1.PortOpen = False Then Manual_Panel. MSComm1.PortOpen

=True

Manual_Panel.MSComm1.Output = "PU;"
Manual_Panel.MSComm1.PortOpen = False
End

End Sub

Private Sub Toolbar1_ButtonClick(ByVal Button As MSComctlLib.Button)

On Error GoTo errdet;

Select Case Button

Case "Manual Control"



Manual_Panel.Show
Case "Method"
FrmMethod.Show

Case "Open Method"
CMD1.DialogTitle = "Open Method"
CMD1.ShowOpen

Open CMD1.FileName For Random As #1 Len = Len(Mrec)

FrmMethod.ListView1.Listltems.Clear

Fori=1To LOF(1) / Len(Mrec)

Get #1, i, Mrec

Set Mlist = FrmMethod.ListView1.Listltems.Add(, , Str(Mrec.Watts))
With Mlist

.Subltems(1) = Str(Mrec.Timing)

End With

Next

Close #1

Case "Save Method"

CMD1.DialogTitle = "Save Method"

CMD1.ShowSave

Open CMD1.FileName For Random As #1 Len = Len(Mrec)

Fori =1 To FrmMethod.ListView1.Listltems.Count

Mrec.Watts = Val(FrmMethod.ListView1.Listltems(i). Text)

Mrec.Timing = Val(FrmMethod.ListView1.Listltems(i).Subltems(1))



Put #1, i, Mrec

Next

Close #1

End Select

Exit Sub

errdet:

Close #1

MsgBox Err.Description, vbinformation

End Sub
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Manual_Panel

Private Sub Combo1_Change()
MSComm1.CommPort = Val(Right(Combo1, 1))
End Sub

Private Sub Knob1_Change()
Power_Gen = Knob1.Value * 10

Label1(4) = "POWER =" & Str(Power_Gen) & " Watts"

LED2.Value = 20 * Power_Gen / 1000

End Sub

Private Sub LED2_Change()
Power_Gen = LED2.Value * 1000 / 20



Label1(4) = "POWER =" & Str(Power_Gen) & " Watts"
Knob1.Value = Power_Gen /10
End Sub

Private Sub Timer1_Timer()

Ti=Ti+1

LED1.Value =Ti/ 10

Progress.Value = 100 * (LED1.Value) / Val(Text1)

If Ti = Val(Power_Gen / 1000) * Val(Text1) * 10 Then MSComm1.Output = "PU;"

If Ti = Val(Text1) * 10 Then
Toggle1.Value = False
Toggle1_Click

End If

End Sub

Private Sub Toggle1_Click()
If Toggle1.Value = True Then
Ti=0

Timer1.Enabled = True
MSComm1.PortOpen = True
MSComm1.Output = "PD;"
MStatus = "Busy"

Else

Timer1.Enabled = False
MSComm1.Output = "PU;"
MSComm1.PortOpen = False
MStatus = "Ready"

End If

End Sub
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FrmMethod

Dim Mlist As Listltem

Private Sub Command1_Click()

Set Mlist = ListView1.Listltems.Add(, , Combo1.Text)
With Mlist

.Subltems(1) = Combo2.Text

End With

End Sub

Private Sub Command2_Click()

ListView1.Listltems.Remove ListView1.Selectedltem.Index

End Sub

Private Sub Command3_Click()

ListView1.Listltems.Clear

End Sub

Private Sub Command4_Click()

MStop = False

Fori=1 To ListView1.Listltems.Count

Ti=0

Manual_Panel.Text1 = ListView1.Listltems(i).Subltems(1)

Manual_Panel.LED2.Value = Val(ListView1.Listltems(i).Text) * 20 / 1000

Manual_Panel.Label1(4) = ListView1.Listltems(i).Text & " Watts"

Power_Gen = Val(ListView1.Listltems(i).Text)
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If Manual_Panel. MSComm1.PortOpen = False Then Manual_Panel. MSComm1.PortOpen
= True

Manual_Panel. MSComm1.Output = "PD;"

Manual_Panel.Toggle1.Value = True

Manual_Panel.Timer1.Enabled = True

MStatusBar1.Panels(1).Text = "Doing Procedure:" & Str(i)

MStatusBar1.Panels(2).Text = "Parameters : " & ListView1.Listltems(i). Text & " Watts, " &
ListView1.Listltems(i).Subltems(1) & " Sec"

MStatus = "Busy"

Do

DoEvents

If MStop = True Then Exit Do

If MStatus = "Ready" Then Exit Do

Loop

If MStop = True Then

Exit For

MsgBox "Critical Stop by User!", vbinformation
End If

Next

MsgBox "End Procedure!", vbinformation

End Sub

Private Sub Command5_Click()
MStop = True
End Sub
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Private Sub Command6_Click()
ListView1.Selectedltem.Text = Combo1
ListView1.Selectedltem.Subltems(1) = Combo2

End Sub

Private Sub Command7_Click()

Printer.Print " ===== Microwave Reactor Runtime Parameter =====
Printer.Print " Watts , Time (Sec.)"

Printer.Print" "

Printer.Print " S===================
Fori=1 To ListView1.Listltems.Count
Printer.Print ListView1.Listltems(i). Text & " W. : " & ListView1.Listltems(i).Subltems(1) & "

Sec.

Next

Printer.Print " s e —————————
Printer.EndDoc

End Sub

Private Sub ListView1_Click()

Combo1 = ListView1.Selectedltem.Text
Combo2 = ListView1.Selectedltem.Subltems(1)
End Sub

Module Code

Public MStop As Boolean
Public Ti As Long
Public Power_Gen As Integer

Public MStatus As String
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Type Buffer
Watts As Integer
Timing As Long
End Type

Public Mrec As Buffer

NNELUG lanagaunissadnuasnaulnlason Ineldinsas Microwave leakage
detector (MD-2000 Digital readout) wudn laifinng5aga (Rrueunoudasnan 5.0
mW/cm?2)

LATAY Microwave Reactor L3l 1A5UN1941TLAUUANNNY 409, Lazlfindinlaga

Q Q

1
o

n17289 University Business Incubator 2898¥Manenaensaniy ane.  fiewrsasladn

OCRMJ Domestic Microwave Reactor ® $1gazidenaunsng i lanaLna

http://www.mjubi.mju.ac.th/news upload/1572005 2/OCRMJ-AlJ.htm

http://www.science.mju.ac.th/chemistry/research/weerachai/reactor eng.htm ﬁ\‘igﬂﬁ 2.4

i3
Fle Edt View Fawortss Tools Help | e
Q@ek - ) - Iﬂ \E‘ ,, | /ﬁ‘: Search ‘-‘;n';{Favnntes A redia {“ - B - ® 3

Address [{&] htp: /. science.mju.ac thichemistryfresearchjweerachaireactor_eng,htm B ks »
ninemsn¥' - | 7| | searchweb ~ #Highlight 7] Viewer | s/ Hotmail  + & Messenger  + 4¥spaces < | 4l @ -

3] - L3l o &] ocam Domestic Mira... | T X

OCRMJ Domestic Microwave Reactor

(Supported by the Young Scientist Grant of the Thailand Research Foundation, Grant No. MRG 4780111) i
University Business Incubator (UBI)
Maejo University
In collaboration with
Organic Chemistry Research Unit,

Maejo and Chiang Mai Universities

Dr. W.D.
are pleased to present

Low cost Domestic Microwave Reactor
Many chemical reactions are generated by heat and are time-consuming, for example, in Diels-Alder reaction of
anthracene and some dienophiles, the product was obtained after 45 hrs refluxing.

With this reactor, the above reaction can be completed in less than & minutes to obtain the product in good yield.

gﬂ‘ﬁ 2.4 OCRMJ Domestic Microwave Reactor ® web page
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22 UfAsennlsmaaasinaiAias OCRMJ Domestic Microwave Reactor ®

2.2.1 nM5RALATILILAER-N151- Lulasiuulgian (Ethyl-p-nitrobenzoate)

COOH COOCHzCH3
stO4
+ CH}CHZOH A + HZO
NO2 NO
2
p-nitrobenzoic acid Ethyl-p-nitrobenzoate

2.2.1.1 nsdaAsIER Lasa-w19-lulnsiuulgian (Ethyl-p-nitrobenzoate) Ineidanng
Reflux

1 naama-lulmsiudedn 2 niu (0.0120 Twa) a9luL9ARUNANTLIA 50 NA. LHN
BNIUBA 99.99% 20 Ha. (0.3430 Tua) pauaasdaudngaeiu udaFnnsasnuedudy
$1 2w, Reflux 1 dala ﬁammzmﬂﬁwmﬁ'uq wdamastuninesaunn 250 wa. A
n&uBums 100 wa. AnnelmAesluAfsueLmEnTee ﬂ@@qmzﬂ@ué’wl,m?'mﬂﬁm@m

1 2

AtUCUNNTA (suction funnel) AZNAUANETNNAUATIAY 50 NA. 3 ATY IN1TANNANTm

q

%

AEl 50% LONTUEA UAINTDILANAELATENNIBNAAQIYTYINIABNATY A1HANAIEINAY
qo// :// ¥ =2 v Y o
ATAY 50 WA, 3 AR UAMINHANUUNITAENIes U LNNIEAnUNANY ANuanmY

Wafiiusuanan IeNasInI1519n 2.1

AN5197 2.1 Iafiduduananaaanisdainsiiasa-n1ai-lulnsiuulben Iaanis Reflux

& a ¢ @ < °
ATIN U.U.NTANTITT- U.U.NTANTITT- Lﬂ’ﬂil‘ﬁu[ﬂ P17 Temp ( C)

Tulss wuldan | lulns wuld | wanam (%) | (W)

(N5W) 1an (NSN)
1 2.0017 2.0102 85.99 60 147
2 2.0014 21757 93.09 60 136
3 2.0016 2.2286 95.34 60 135

L1aRs 2.0016 2.1382 91.47 60 139.3
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2212 nsRaATziasa-ns-lulasiuuldian  (Ethyl-p-nitrobenzoate)  Tmerld
OCRMJ Domestic Microwave Reactor ®

49 neaw3-lulnsiuuladn 2 n5u (0.0120 THa) a9luaAAUNANIUIA 250 NA. LA
BNIUEA 99.99% 20 WA, (0.3430 TNA) NANTNARIAIUINARENY WAILANNTANINZOWN

du 2 wa. ld Magnetic bar* asldlurradunanudarinldldly OCRMJ Domestic

b

Microwave Reactor ® AUE178A8ANAAREIATAINIY 1UAF 2 Useuntuw 2 -3 Wil

D

daufialulnsauinalasandiauluainidean wdavinnisiraululasnainisasasuauy
. Ao A . 4 X . -
98159 ) TwrnueidaTesnauey nageuasaranai i desudeamatialasuninen
ala dl 1 dl aaa «zi a é{ 1 e A 1 U dl
FRILTNaIse ) WegUiiseTnaTudianysaiivell Tnevganislinaululaso
73 [~ v dl aaa & v g :% 1
wazlivaanvengpaisazatendnties Wealisenanysalude Meansazanalinagu 7
1 1 [~3 v a 'S dld 96/ nl/
BLYNAULNIIANAAN AN ATALANE AT IUTINNATIUIA 250 NA. NRUINAULEFNIAT 100
na. U399 AnsTmAaNlUATURIWAIANTRE NIAIAZNAUMIELATANNIDIAAREYTYINIA AN
Y ¥ . o Y e = Ky 9 =
ATNAUAEILINAUATIAY 50 NA. 3 ATI NNIIANNANMNAE 50% LONILAA LAINTDINAN
Iy = = T v =< o ¥ e 2 2 o =
ANLILATANNIDIAARIYTYINIABNATY AWNNANAUINAUATIAZ 50 HA. 3 ATY LADDNKANLIY
N9eANNIA9 IELITNLLNIZANUIRNT AU afIFUFANANAR TFuasa AN5197 2.2

* Magnetic bar 89509 1414 Microwave reactor i1l

ANg199 2.2 Wefidudnananueanisdanmsiiada-ni-luinswwlses (Ethyl-p-nitro

benzoate) tnel OCRMJ Domestic Microwave Reactor ® MMa3lia 1,000 4 Aivaansineey

Ase? | wwnsawia- | wwnsamialu | wefifudua | e | Temp (C)
Tules wuls 05 wwulgian NAR (%) (U)
an (N5H) (nsu)

1 2.0016 1.8773 80.31 1.0 134

2 2.0014 1.9039 81.46 1.5 136

3 2.0017 1.9569 83.71 2.0 141

4 2.0014 2.1125 90.38 2.5 145

5 2.0014 2.1336 91.28 3.0 151
L’Qa‘ﬂ 2.0015 1.99684 85.428 2 141.4

AAURBNLUAI 57-58 °C (it = 57 °C)




2.2.1.3 HAaNITNAKXAINIY Spectroscopy

Infrared Spectroscopy (FT-IR Perkin Elmer)

IR (KBr) (V

max’
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i
i
\

i _[_____

J: SigiE

i i ™S tm

m"): 2990 —-CH,, -CH, Stretching, 1718 -C=0 Stretching, 1540, 1522

C=C Stretching Aromatic,1520, 1350 —-NO2 Stretching,1280 —C-O Stretching

Mass Spectroscopy (GC-MS Agilent 6890(GC)/HP 5975(MS))

[

BO00

2000 °, l/

TOOO

GO0

5000

4000 \0

3000 -

2000 50

1000

o . : : '!.

fre= 10 20 30 40 B0 .
uNdance

B000

8000

TOO00

8OO0

5000

AOOD 28 50

3000

2000

1000 39

- lfl

ez 10 N Qﬂ “ 50

104

90 100 _ ..!1_1'-1 120 130
WTeZ2G Boﬂznlc acd. 4niro-. ethyl eatar 33 Ethyl .
1
187
104
(43
&5 178
9‘2 1 ?1

‘II i i i ]l

bl

€@ 70 80 W0

100 110 120 130_ 140 150 160 170 180 190 200

El, (70 eV) m/z 150 (100), 167 (45), 104 (42), 76 (41).
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A = Synthetic Ethyl-p-nitrobenzoate

B = Standard Ethyl-p-nitrobenzoate in Data base

Nuclear Magnetic Resonance Spectroscopy (Jeol FT-NMR 60 MHz)

S oA i
TR R ERE L AL MMM
8.00 5.00 4.00 2'.09 ul.oa
jPPu
IV il /.

YO [
2= =1"] T~ it =

"HNMR O: 1.42 (3H, t, CH,), 4.42 (2H, q, CH,), 6.76-6.90 (2H, d, Aro), 7.31-7.45 (2H, d,
Aro)

2.2.1.4 q9duan1snnang
AINUANNINARBINLGY  Anainendjisensaaipsas  OCRMJ  Domestic
. = N v C @ o a A 1 ° aaa
Microwave Reactor® {eNanuiuan annsanldilefifuinananneumianisingjisen

wuuassumn teed lnanTunnsvindjAseuansinaiuns 60 win
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222 NNSAWATITANUTAY (Phenacetin)

OH OCH_CH,
t
+ CHCHBr + K(CO — 0 +  KBr
3702 2773 A
ITIH ITIH
COCH, COCH,
4-Acetaminophen Phenacetin

2.2.2.1 n19RAATIZUNUNTRAW (Phenacetin) Tneinng Reflux

f1 d-azdendlumiy 2 nsu (0.0132 Tua) warlnunadeumfuemn 3 n3u
(0.0215 T1a) a9luaARUNANIUIA 50 NA. WBNeLdElnu 20 Na. wazienaluslus 2 ua.
(0.0184 ) HANANSVIARIUANADETULEMINNT Reflux 1.5 Falas eansazanelifi

grUUYHTaY Inasazaraasuininefauin 50 wa.udavinnisszmeazlaueenty Hs

a

a
N
5 o
U

naufuNNAunear iRz NaUNIIRNLNAUAILLATANNIBNAIINNIA  AN9RZNaUsaE

indunifiuaisar 50 w8, 3 AN ausznauludaungun)il 100 avr@aiaa i

a

v
%

o d‘ 4 4 o ] o ! o o 4
tnzneuiuiandoniazanaludnadiunznen 1 ninsierifen 80 Na. auarany finli
arsazaeifiulugaifiuacldnan Mn19nseaNanfaeLRATaINIBNqIY I INABNATY AN
=2 o 5 o da o v = y A a =

HaNFaetnAuNEiuATIar 50 Na. 3 AT wAdeLNAN FaLTNgMUNN 50 B9ATALTHE

Wi Aurnvlasiiufuanan Tonasns Ans19n 2.3

A15197 2.3 LlafiuAnanAn189IN1989ATNLINLNGERY (Phenacetin) Tasing Reflux

138N u.u.asAlAaN % HANAR AUUDN

(W) Ufjnsen (n5w) ‘c)
90 0.43 46.39 110
120 1.10 60.31 110
180 2.23 94.04 110

\aAE 1.25 66.91 110
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2222 ANSAWATITANUNTAY (Phenacetin) Tmain15ld OCRMJ Domestic Microwave
Reactor®

f1 4-ev@mfilunly 2 nSu (0.0132 Ta) uarwuna@auenfuewn 3 Ny
(0.0215 Ta) ATMIIAAUNANIUIA 250 HA. WANesdElne 20 wa. wasenaluslus 2
Na. (0.0184 Tua) lduispuusimanadlillumafunanudntinuanldldly  OCRMY

Domestic Microwave Reactor® Aua17aratsluannsoeiesadniy was 2 dseunns 2-3

= o [2]

w1y sautalulnsauinalaaandiauluainidean  waaninislinauluiasianannieTes

4 . day A . N A -
puANTA1Ae 7 Twansfidlaesesnauegnaaauaisazanaililulewiu faemaia
Tasuninsnaliaunefinatsine - Wegdiseninnauinanysaiisald  waisazauas
Tuidnnasauna 50 wa.udamInzwitazdinuaantyd  RNTNAURSuNINRUnNaas s
FIZNOUNIDIRALNOUAIEILATENNIIGIYTYINIA A pzNauseinduniiuaiias 50 wa. 3

%’/ % dl a = v 4 L% o dl L4 %
AIN @um:n@ulu@@um@mmu 100 BNANTAAAMTILIN UAZNaUNuRLAINIazane 1l

q a

ARTNRIUATNAU 1 NSUARUNFAN 80 NA. AuUATAe N1 ianrazansifinluanatnifiuay

o = ° = 9 = a4 ¥ )y =< v 3§ o Ada =
1®N@ﬂ Vnﬂ"lﬁ‘ﬂ?@\jN@ﬂ@QﬂLﬂﬁ‘@ﬂﬂﬁ‘ﬂ\‘]fﬁﬁyﬁyqﬂqﬂ@ﬂﬂ?\j ANWHNANAYUINAUNLEIUATIRG

= < 3

v 1
50 w8, 3 AT udteuNAnlugauigmni 50 evAaadsaliuie Arwsnumnilesidus

u

NALAR PHAMT ANT1N 2.4

o=

ANs19N 2.4 ulefidufuanan1adnIsdaAIinuNGRY  (Phenacetin)  Ime OCRMJ

8

Domestic Microwave Reactor® n1ad W1 1,000 56 Nans19 u

1281 u.u.asAlAaN % WANAR AN
(Au) 1Tulasian (n5) ‘c)
30 0.80 33 172
60 1.00 4217 200
180 1.46 61.57 229
300 2.15 90.67 256
\adE 1.35 56.85 214

AANABNLUAT 135-136 °C (it = 134-135 °C)




2.2.2.3 HAaNITNAKXAINI Spectroscopy

Infrared Spectroscopy (FT-IR Perkin Elmer)

IR (KBr) (V0 cm’): 3275 (-N-H), 3180, 3125, 3060 (=C-H), 2980, 2925 (-CH,, -CH,),
1500 (-N-H), 1548, 1540 (-C=C), 1242 (-C-0O)
Mass Spectroscopy (GC-MS Agilent 6890(GC)/HP 5975(MS))

Abundance

72

108
o
8000 MJ\_ 179
L\
6000 A
©
i 137
4000 /°
i
2000 80
53
0 ,Il, 60 .‘:5.5 70 78 i| 86 91 gg 102 ] 415 122 133,11 150 164
R RRaE Raaat R S B L R a e L S L L R L A Baaea L o Al Ay
miz--> 40 45 50 55 60 65 70 75 B0 85 €0 95 100105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185
Abundance #63349: Phenacetin $ Acetamide, N-(4-ethoxyphenyl)- (CAS)
148
8000
6000 B 170
137
4000} !
= i
]
2000 53 80
65
- I s .2 ws o1
Ofrrrry brpr ¢ b e brprereprrepeeb e e peb b ey e prerrpreee pree e pree e
miz—> 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185

El, (70 eV) m/z 150 (108), 179 (45), 137 (42), 60 (20).



A = Synthetic Phenacetin

B = Standard Phenacetin in Data base

Nuclear Magnetic Resonance Spectroscopy (Jeol FT-NMR 60 MHz)

9CH.CH,
I /
COCHJ
uw«wj
527 .496 .759 1.000
T | v T L T : I v —r Iﬁ
8.00 4 00 2.00 0.00
=0 W o Oh  =Oh =3
no oW wwm ™ o~ OO~ =
- s Qo\m — I~ Wy =
~~ w0 e ot —— =y

'H NMR O: 1.40 (B8H, t, CH,), 1.72 (1H, s, -NH), 2.13 (3H, s, CH,), 3.90 (2H, g, CH,),

6.76-6.90 (2H, d, Aro), 7.31-7.45 (2H, d, Aro)

2.2.2.4 agiluanisnaaas

73

' R A o aaa ¥ v @ &
AANNANITNARNBAINLIAT NIRRT S uﬁﬂﬂ‘ﬂﬂﬂ’]ﬁ“l’]’]ﬂgﬂﬁ‘ﬂﬁﬂQﬂiﬂiﬁ?LQW W afidus

HANARWELYINNSINUGATEULLEITNATINAT 180 I HAYINUANGNTBILIRINITH

UfjA3en04 36 win
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223 nN15RIAsIEI 9,10-lalalms-9,10- aslukaunsIdu-11- ASUANTAN wadm

(9,10-dihydro-9,10-ethanoanthracene-11-carboxylic acid)

CO Me
‘ 2
2 xylene
Anthracene Methyl acrylate 9,10 - dihydro - 9,10

ethanoanthracene -11-

carboxilic acid

2231 n1sAATIER 9,10-1alalns-9,10- as1lukaUNITU-11- AISUBNTAN waTm
(9,10-dihydro-9,10-ethanoanthracene-11-carboxylic acid) {nain1sld OCRMJ Domestic

Microwave Reactor®

TIWAUNINTU 2.5 nSN (14 Radlua ) NANAUWNTAaazAaLIR 1.53 n5u (17.8

|
A

Jaalua ) Wulsaunevion (Uszunas 15 Radans ) waddinlalnseiuea 1-2 n5u (e
tasiunaiindisenTnawmes, Polymerization) wanfuluzaaiunanawin 100 Nadans
wdainlanefadlalasianineies OCRMJ Domestic Microwave Reactor® #i 1000 3as
meldanasuitalulasauisaiiuge condenser lnansineudanmageUNAAT TR
Tnelasuntnensilfionne  (TLO)  inlshisgrisne  meduiflasuatnsnawl  (Column
chromatography) Ine/ld Hexane : Ethyl acetate 8 : 2 duansazanasgy a:u‘tm‘m%qﬁqa
wmATA IR, MS, NMR uaziiuqnvasnmasiudeyaresansningg iy Aanmiilafigus

NALAR TPHAMT ANS19N 2.5
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a9 2.5 wesfifuinananrainisdannzy 9.10-lalalns-9,10- Asnluuaunsdu-11-
ANSUBNTAN  WaTA  (9,10-dihydro-9,10-ethanoanthracene-11-carboxylic acid)  lagl

OCRMJ Domestic Microwave Reactor® n1a< Wi 1,000 a6 Nnansng I

1287 u.u.asAlAaN % WANAR AN
(W) lulasian () ‘c)

6 1.01 68.52 266

7 1.11 75.15 273

8 1.21 82.09 281
\aAe 1.11 75.25 273

aAnAaNLUad 110-118 °C (Iit” =110-116 °C)

2232 n9faAg1zY 9,10-lalalns-9,10- Aanlunaunsi@u-11- msuanian uain

(9,10-dihydro-9,10-ethanoanthracene-11-carboxylic acid)TﬂﬁIm‘ﬂ‘ﬁ' Seal tube
SAsndanadns T I luN aae T auiUN i dae OCRMJ Domestic

Microwave Reactor® usilfiaanlunisinuijisenlng seal tube figumnfl 120 earn

waied 24 Faludlona Ae sunutingasnanAnet 1.25 nin Asly 84.80 % vield

2.2.3.3 n15awATIEN 9,10-1alalns-9,10- Aa1Tuwauns1du-11- ASUandan wain
(9,10-dihydro-9,10-ethanoanthracene-11-carboxylic acid) Inein15ld Reflux 655NAN

R4 1298797 M lun1InaaeameuiLn1TNse OCRMJ Domestic

Microwave Reactor® wilfinanlunns Reflux 48 daluslduasail atinuingns 1.20 niu

a

Anllu 81.41 % Monuugi 120 esA@aliea

a

2.2.3.4 HAaNITNARABINIG Spectroscopy
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Infrared Spectroscopy (FT-IR Perkin Elmer)

41.03-
®T

5.49 T T T t T
4000 3500 3000 2500 2000 1500

T
1000 cmt

IR (KBr) (V40 cm'1): 3100 (=C-H aro.), 1725(C=0), 1460(C=C aro.), 1200 (C-0O-C) cm’

'H NMR ("H NMR 300 MHz)

-1 ppm

"H NMR (300 MHz, CDCl,) 7.42-7.37 (m, 4H, ArH), 7.38-7.00 (m, 4H, ArH), 4.68 (d, 1H,
ArCHCHCOOCH,), 4.26 (t, 1H, ArCHCH2), 3.54 (s, 3H, COOCH.,), 2.93 (m, 1H,
CH,CHCOOCH,), 2.00 (m, 2H, CHCH,CHCOOCH,).



¢ NMR (°C NMR 100 MHz)

ws040821_sster_13C

Archive directory: /export/home/bresne FovnmEsys data
Sampie directory:
File: CARBON

Pulse Sequence: sZpul

174,243

0.240

e pre e

220 200 180 160 140 120 100 80

FREQUENCY
13140.347
L0869 666
10849.513
10760.263
10575.431
$536.393

9530.635

9500981

5423.538

3343.211

5328, 240

§312.118

5858. 443

5826, 482

5794,535

3931.811

3546.887

3336, 431

3322.323

2336.260

18.078

"C NMR (100 MHz, CDCL,) 30.98 (C,,, CH.), 44.10-52.14 (4C, C,, C,y,

126.45 (8C, C,-C,), 140.23-144.13 (4C, C, -C,,), 174.24 (C,,)

Mass Spectroscopy (GC-MS Agilent 6890(GC)/HP 5975(MS))

*** CLASS-5000 *** Report Ko. = | Data : WS9760,D01 O4/08/23 16:03:1)
sample '
10
Sample Amsunt
n Facto
tor
Method File Mame
vial ¥o :
Barcode
Scan ¥ :
Mass Peak # : Time 1 1,150
Baze Peak 1752
1§7
L] 78
3 256
1 204 o o

El, (70 eV) m/z 178 (100) (Anthracene),

L) HEIGHT

174,243 1.1
144,133 15.3
143.866 13.7
142,683 16.1
140,232 12.0
126,454 59.2
126.378 56.7
125.984 100.0
124,958 52.9
123.892 51.4
123694 50.9
123.480 as.6
77.684 5.0
77.260 6.2
76.836 47.0
52.136 37.3
47.032 a7.0
44.242 7.9
44,085 8.8
30.971 52.9
0.240 23.0

C

157

7

C,.), 123.48-



78

2.2.35 @3UNAN1INARDY

annmeassnudn Uisenldlulasoni ke 8 wii annsalidesidusig
HARAUNE LWL TseN W Seal tube UAaTNT? Reflux TBlAYINUANG1NTR9L9A

Tun19M1jisenne 180 uaz 360 i1 MNAIAL

224 n1sAASIZYE 9,10 — talalaswaunsidu -9,10-1auls — waann, LAN-ETNERA

waulalnsa (9,10-dihydroanthracene-9,10-endo @, IB succinic anhydride) ol

Anthracene LbaE Fumaric acid

090
OH
o ||
POOE (> — O
OH

2241 mMsAwATIEY 9,10 — lalalaswaunsidu -9,10-1aula — waaw, LuAN-4nG

fa waulalnsm (9,10-dihydroanthracene-9,10-endo Q, ﬂsuccinic anhydride) Tnainng
4 OCRMJ Domestic Microwave Reactor®

[

TIWAUNIITU 1.0 N5 (5.6 HARINA ) HANATUNNAIN wadm 0.78 N5 (6.72

u

a a

Faalua ) wxlsauneyion ( Uszunns 5 Hadams ) wanduluanafunadawis - 100
fadans wdwinlienss@lulasionlnelrses OCRMJ Domestic Microwave Reactor® i
600, 850 WAz 1000 JR6 mﬂ‘l,fé”mnmzl,l,ﬁ”miu‘lﬁmmuﬁﬁi@ﬁum condenser MIA"AY ] WAY
RemagaLNARA TR IR AT NIRRT (TLC)

FannainlU3qnalaatih Crud reaction szwitien Xylene aan udafn Sodium
bicarbonate 1A0aMAIUIUINNAUNe Awunal 2 dalue anviufin 45% Potassium

hydroxide Ngu udausiaan 2 49lue tliainsaeansazane Dichloromethane 3 A3 A

aztszannd 50 ml dndnsazaneduinuANnga Hydrochloric Wndusnniiune azldnsney

)}

o

277 NININTAIARENTIZANENIAAULAT 1 1ALNAUNIPN1aUTAANNTU LAZNINITANNAN
TANUATALANINANAZIGIN Ethyl acetate — Hexane azlAnantenansinel szylnseadng
fapmela IR, MS, NMR uazifiguqanasuiadiudeya1edansninigiu Auanm

AT URNANAR
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NANISNARRINIFYINUJNFE1A8 OCRMJ Domestic Microwave Reactor®
fnngdalniin 600, 850, 1000 4FT 1IAININNTT 30 W Wudn ldiRAUGAREN (TLC

Check)

2242 msawAsIzn 9,10-1alalaswaunsidu -9,10-1auls — waann, AN-EInENA

waulalasn (9,10-dihydroanthracene-9,10-endo &, ﬁ succinic anhydride) Tnengled
Seal tube

fR1d9u1298197 M ln1InaaeameuiLn1TNse OCRMJ Domestic

a

Microwave Reactor® udlfinanlunsvindfjisening seal tube Ngumnd 120 89

a

wAEea IHNANIINARDIFIANTIN 2.6

AN59N 2.6 weafidusnananuadni1sdanzy 9,10-1alalasiaunandu -9,10-1auln —

o aa

waann, wein-indta weulalasd (9,10-dihydroanthracene-9,10-endo ¢, ,8 succinic

anhydride) Taain13ld Seal tube

1281 WasifuRnananium (%)

(FaTa19) AT 1 AT 2 REE lade
24 89.04 90.83 90.12 89.99
48 91.63 89.52 92.49 91.21
72 92.71 95.15 94.26 94.04

AAURBNLUAD 262-265 °C (it = 262-263 °C)

2.2.4.3 HAaNITNARABDININ Spectroscopy
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Infrared Spectroscopy (FT-IR Perkin Elmer)

47.92-1 A ;
4T . T Al j 'l \
B T
g I L zé.ag ! @ |
(e |
4
- il |
| d
] B
22.63- T ¥ T + T T T
4000 3500 3000 2500 2000 1500 1000 emt 500

IR (KBr) (V.0 cm’'): 3084 (=C-H aro.), 1672(C=0), 1232 (C-O-C), 647, 922 (=C-H, oop)

-1
cm

'H NMR ("H NMR 300 MHz)

fumariy acid -

i ] 1

6 5 ] 3 2 1 D ppm

-]

'H NMR (300 MHz, CDCl,) 7.40-7.18 (m, 8H, ArH), 4.825 (d, 2H), 3.52 (d, 2H)
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¢ NMR (°C NMR 100 MHz)

t;A
r =

"C NMR (100 MHz, CDCI,) 45.64 (2C, C,,, C,,), 48.21 (2C, C,,, C,,), 124.62-127.99 (8C,

127

C,-C,), 138.29 (2C, C,-C,,), 140.85 (2C, C,,, C,,), 170.65 (2C, C,,, C,,)

Mass Spectroscopy (GC-MS Agilent 6890(GC)/HP 5975(MS))

El, (70 eV) m/z 178 (100).
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2244 a3Unan1INARaY
annsmeasanudn Uisennldiulasninnngalnila 600, 850, 1000 976 1aan
NNN97 30 ¥ wud kel [isen (TLC Check) waiadfjisenlu Seal tube 72 Falus
b2 dl aaa é’ a v % v o aaa £ o ?/
1 wesanisentifialdeanuin sesldinauulunisvindfasenneliusedn sans
Dienophile at/lugiued Trans N9 Form ghassasldinaiuim wailldmaaesldlutasond
1 = 1 1 a ana 1 % o o dl A ndl o v K M v
9A11IN91 30 WP wud el uazilludedninuewssesiionazivluald aqlils
4 X
naaadlunatiuinndnil

daiauanuy anaseeiulgarsas Microwave reactor # lignnsonUfisauuy

1
¥

Seal tube 1§ @9 Commercial Microwave Reactor Hinalulatinnilé

225 n5AIAsIZR 14-9,10-1alalasuauns1du-9,10-1aula— waawl, tuAl-Enaua

waulalass (cis- 9,10-dihydroanthracene-9,10-endo Q, ﬁsuccinic anhydride)

090

0% _o0o  ___ I
)+ O Sswg

2.2.5.1 NMN9RILATIEN T4-9,10 - lalalpsuaunsdu -9,10-1auln — waan, LuAI-4n
2in waulalnse (cis-9,10-dihydroanthracene-9,10-endo &, ﬂsuccinic anhydride) lng
n15L% OCRMJ Domestic Microwave Reactor®

Yeundu 1.0 nfN (5.6 Naawa ) wanduNasa waulalnssd 0.82 niu (
8.4 Raalua ) Wxlmauneyion (Usennas 5 Radans ) nandwluanafunanawns 100
fadans wiarinlienese@lulasunlneiAsas OCRMJ Domestic Microwave Reactor® i
600, uaz 1000 Sai melFaninzutalulnaauiidesiuge condenser ﬁmmﬁmjué’qmm
deUHARATT IR Wns AT TN AR LN (TLC)

FBnminliFgualagin Crud reaction szmelen Xylene an udalfn Sodium
bicarbonate 1ARANAUIUINNIAUNE Awiunan 2 dalue anviufn 45% Potassium
hydroxide ﬁ?ju udaAusedn 2 fﬁ%ﬂm i llanimnsaeansazaie Dichloromethane 3 ﬂ%\i ﬂ%\i

azdszannd 50 ml dngnsazanaduinuinnga Hydrochloric dadusnnifune azldnznau

D

o

2179 NINIINTAIARENTILANENIAULAT 1 UIAZNAUN N1 UTAANNTU LATNINITANKNAN

N

¥

HHIEATATAUHANAZNIN Ethyl acetate — Hexane azlinanaan@nsinet svylaseaing
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fapmela IR, MS, NMR uasifiguqanassuinaiudeya1edansninggiu Aanm

WafEusuanan IeNAMd A5 2.7 LAY ANS19N 2.8

6

A9en 2.7 wWefidusuananuasnisdaneyd 3a-9.10 - lalalnsuaunsdu -9, 10-euls
— uea, wen-dnd@fian  waulalasel (cis-9,10-dihydroanthracene-9,10-endo ¢, [3
succinic anhydride) Img OCRMJ Domestic Microwave Reactor® n1adlw#n 1,000 Tms

fnan 8 W (Temp 160-172 °C)

IR LasLTURNANARIIN (%)
(W) ATIN 1 AFIN 2 ASIN 3 \2@e
8 60.98 59.82 59.76 60.19

A1519% 2.8 WefiduinanAnueinisdanne 34-9,10 — lalalasueuns @ -9,10-0uln
— uweann, wirdnddia  weulalasd (cis-9,10-dihydroanthracene-9,10-endo ¢, 3
succinic anhydride) Tagl OCRMJ Domestic Microwave Reactor® naa Wi 600 55 #1

981 8 W7 (Temp 129-138 °C)

LA as L TUANANARN T (%)
(W) ASIN 1 ASIN 2 ASIN 3 LAl
8 97.85 96.57 93.34 95.92

AANRBNLUAT 262-265 °C (Iit” = 262-263 °C)

2.2.52 N5AWATIEN 14-9,10 — lalalasuaunsidu -9,10-1aula — waan, LuAI-4n

3im waulalasm (cis-9,10-dihydroanthracene-9,10-endo &, ﬂsuccinic anhydride) Tl
N9 ld Seal tube

SmsdruaesansilFlunnmeasamiieutunisindas OCRMJ Domestic
Microwave Reactor® usilfiianlunisinuiisenlny seal tube figaamnfl 110-120 8epn

A FNANIINARDIFI 159N 2.9
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A15199 2.9 WafifufNaNAnIaIN138LAIzy 14-9,10 — talalasuaumnadu -9,10-lauln
— uweanh, wen-dna@fin  waulalesd (cis-9,10-dihydroanthracene-9,10-endo ¢, [3

succinic anhydride) Inannsld Seal tube (Temp 129-138 °C)

LIA WasLTURNANARAS (%)
(AT4) ATIN 1 AT 2 ASIN 3 LA
24 31.29 7414 85.23 -

AANNDNLUNT 262.5-265 °C (lit” = 262-263 °C)
2.2.5.3 HANITNARBDININ Spectroscopy

Infrared Spectroscopy (FT-IR Perkin Elmer)

PERON ELMER
29.34. _ i
%T aa
g oo
i '§'L=.'
i 1 1= 3
id o
CH 1] ]
o~ -
b & i
] g & §°
A : = "%
g Lol P
17 a4l g w
i
8 o
~ E
B
i C=0
7.33 T T T T T E T T T
4000 3500 3000 2500 2000 1500 1000 cmt 500
04-06-17 12:42

X: 4 scans, B.Oca-1, apod weak
IR (KBr) (V.0 cm’1): 3100 (=C-H aro.), 1783(C=0), 1228 (C-0O-C), 757, 923 (=C-H, oop)

1
cm



'H NMR ("H NMR 300 MHz)

\
ws040821_salelc_acid \
axp1  12pul
SANPLE SPECTAL
date Aug 21 2004 5.0
solvent oc 1 not used
file exn ot used
ACQUISITION 0.008
s a718.5 8,050
at 1.338 200000
n 13174
f 2600 11
bs 1 in n
a1 1.000 dp
nt a hs
ct 8 PROCESSING
TRANSHITTER n not used
n DISPLAY
sfrq 299.918 sp =201.8
tof 241.4 wp 2698.6
tpur 3 605.1
P 4.025 rip 0
DECOUPLER w 1.9
dn c13 p 2403
dof PLO
dm nnn 250
dmm c ]
dpur a8 84
dmf 13100 2
cdc ph
|
/
/ ’
A |

38.14

"H NMR (300 MHz, CDCl,) 7.39-7.16 (m, 8H, ArH), 4.81 (d, 2H), 3.50 (d, 2H)

¢ NMR (°C NMR 100 MHz)

ws040821_smalelc_achd_13¢
Archive directorys sexporl/home/bremnar fnmisys /data
Sample directory:

File: CARBON

Pulse Sequence: s2pul

®

124,633

140.854

170.674
138.312

77.669
77.245
76.821

48.220

—45.650

0.224

INDEX

60

a0

ppm

FREQUENCY
12871.158
10622.356
10430.616
9652.418

9605.353

9459.811

9393064

5857.298

5825.341

5783.384

3636.424

3442 .666

16.924

PP
170.674
140.854
138.312
127.993
127.382
125.439
124.633
77.665
77.245
78.821
48.220
45.650
0.224

HEIGHT
14

85
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"C NMR (100 MHz, CDCI,) 45.85 (2C, C,,, C,,), 48.22 (2C, C,,, C,,), 124.23-127.11 (8C,

C,-C,), 138.21 (2C, C,-C,,), 140.05 (2C, C,,, C,,), 170.07 (2C, C,,, C,,)

Mass Spectroscopy (GC-MS Agilent 6890(GC)/HP 5975(MS))

El, (70 eV) m/z 178 (100).

gﬂﬁ 2.5 Molecular structure of cis-9,10-dihydroanthracene-9,10-a,b-succinic acid

anhydride showing 50% thermal ellipsoids with numbering scheme.



m%"nﬁ 2.10 Single crystal data and structural refinement details for cis-9,10-

dihydroanthracene-9, 10-endo QL, B succinic anhydride

Molecular formula C,sHyp O,
Formula weight 276.28
T (K) 293(2)
A (Mo Kg, A) 0.71073
Space group | a (No. 19)
a (A) 11.0443(6)
b (A) 9.2760(7)
c (A) 12.8426(13)
B 101.302(9)
V(A% 1290.17(18)
Z 4
D, (@cm’) 1.422
L (mm’) 0.097
FO00 576
Omin, Omax 2.73,25.25
Unique data 2284

R, [I>20()], R,

0.0255, 0.0257

WR, wWR, 0.0639, 0.0641
S 1.053
Maximum and average shift 0.000

2.25.4 d9duanisnnang

87

annenaaesnudn Uisennldlulasond a1 8 win adwnsalidesidusing

HaRADELINNTNUAsE Il Seal tube waznIe Reflux TnadlAnuuansneedonn

Tun19M1l 30 180 waz 360 WiN AINAIAL
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226 NISRILATIZH LUAA -11 — ASluLunandiuna-9,11-1alalng-9, 10-tan luna
uNg1TU-11-Arsuandian (Methyl-11-(carbomethoxymethyl)-9,11-dihydro-9,10-

ethanoanthracene-11-carboxylate)

MeO C

27N
CL) - ey e
+ —_—
CH2 A

226.1 NISAWATIEN LNBR-11-(ASTULNNANTLNER)-9,11-lalalns-9,10-1amluna

uNsITu-11-msuandian  (Methyl-11-(carbomethoxymethyl)-9,11-dihydro-9,10-ethano
anthracene-11-carboxylate) (General)iﬂﬂn’lﬂ% Seal tube
MUfAFENsTUdaweuns @ 1 niu (5.7 Hadlua) fulawiia 8anlawm 1.15 niu
(7.28 Aaalna) Taeldlaau (xylene) wWusinazane (5 Nadans) ANt lulniaL
adlillunaan Tlndvaenlsuin uds Reflux i seal tubedalis oil bath a1y 48 Falu
Irgaumnfegiidszanms 110 esrnisaides Lﬁﬂﬂﬁﬁ?méuqmmmmumiﬁ%’é’qaimuﬂm
s WAL mﬂ&uﬁﬁ crude reaction IﬁLLﬁﬂﬁaﬂLﬂém Rotavapor WA purify Tagl column
chromatography (NN4m Anthracene fngl Hexane 3 381) Lﬁumiﬁqﬁﬁfaqmﬂmﬂ%

Dichloromethane Ml S UANANGR LAZAAUABNINAY A9 A5 2.11

997 211 Wefifusnananuaanisdainees WEA-11-(AFTLNNANTLNER)-9,11-19
1a1mn9-9,10- e Tuueun@u-11-mfuendan  (Methyl-11-(carbomethoxymethyl)-9,11-

dihydro-9,10-ethano anthracene-11-carboxylate) 1aan13kd Seal tube 48 dalug (Temp

120 °C)
amnaulng WL purify % vield m.p. Antioxidant
Tua ua0 DPPH
1:1.2 1.22 64.21 147-149 non-active
1:1.3 0.65 34.21 145-151 non-active
1:1.3 1.45 76.00 151-153 non-active
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AANRBNLUAT 149-151 °C (Iit” = 154-155 °C)

2262 N9RAATIEH LWER-11-(ASluiunandinga)-9,11-lalalng-9,10-lamluua
UNIITU-11-A1suandian  (Methyl-11-(carbomethoxymethyl)-9,11-dihydro-9,10-ethano
anthracene-11-carboxylate) (General) Tman1std OCRMJ Domestic Microwave
Reactor®

a

9 WAUNITU 1 N5H (5.7 NaANE)  wazlawdia annlawm 1.15 NN (7.28 Aaa
Tua) asluaapiunanawis 250 wa. neldlaan (xylene) Wusaniazans (5 Raaans)
Tduwispuusimanasllluraniunanudlinmnallldly  OCRMJ  Domestic  Microwave
Reactor® AudNIazaneluaaaflelAzednat  wes 2 sz 2-3 Wi aanda
dl 1 ) v o v dl dl dl
Tuinsaunelaeandiauluainisean  wdavinnisliraululasunainipsesasuauing,
. 4 PN - aa A . 4
19 ) Meaeuansazatei i luliesiudaanaiinlasunTnanadliounainaisig o waeg
dffsenfinntunanysnivsald udq purify Tae column  chromatography (AN4n
Anthracene #98l Hexane 3 $01) ivanssanFaanslaeld Dichloromethane ynlasidus
HANGR LAZAANADNINAY

HaNsNARRInUi5eNA28 OCRMJ Domestic Microwave Reactor®

fnndalnii 600,1000 366 1ANINNGT 30 W wudN LU [3eN (TLC Check)

2263 NISAAATIZI LNER-11-(ASlULNNanTLNGa)-9,11-lalalng-9,10-tanluna
UNIITU-11-Asuandian  (Methyl-11-(carbomethoxymethyl)-9,11-dihydro-9,10-ethano

anthracene-11-carboxylate) Tnainng Reflux

o

TIWAUNINTU 1 NFH (5.7 Nadlna) fulawiia annlawm 1.15 n5u (7.28 Aaaiua)
Wulaau (xylene) wavian (Usznnu 5 Radans) waniuluaaaiunanawim 100 Jaaans
antuinldsage Reflux i1 Reflux ifunan 24 daluenialsaninzlulnaian udadn

QIUUYNAIE Infrared thermometer AsRadaUNARAUTINIIAMTILIAY NATIATATHNTNININ

L ®

Houng (TLC) M ldaw@nsinuaiisgnd iiuanssansiesnistaeld Dichloromethane g2y

q

Tasaaiedaematia IR, MS, NMR uaziiguqavaauvadiuieya1edansnnsgiu Auan

PlafIFUANALAn THHAMT ANT19N 2.12



A9 2.12

18199-9,10-1@n TULAUNINTU-11-ANFUANT LAY
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e fFUANALARIAINIAUAIILT  1WBA-11-(AFlUINNaNTLNE4)-9,11-1

(Methyl-11-(carbomethoxymethyl)-9,11-

dihydro-9,10-ethano anthracene-11-carboxylate) laain13ld Reflux 24 dalug

IR eI TURNANARA N (%)
(AT4) ASIN 1 AFIN 2 127 9AUABNLIAY(°C)
24 98.35 99.24 98.80 152-154
AANRBNLUAT 152-154 °C (Iit” = 154-155 °C)
2.2.6.4 HANITNANRINIG Spectroscopy
Infrared Spectroscopy (FT-IR Perkin Elmer)
PERKIN ELMER
40,034
i -
th WA WAL i
J [p ey, Pl '
| Y LI UL TRV S B
Y N | Sl Wlen ST o«
Ml%ﬁ,l« .h{l]‘.- J/_f | z [ :_.'. lﬁi I | [ : ’| ~
(T & [ o[/ ! 5 ¢
i o &y 11 | i "
! A B ":'\"I|I_: | L ;: 3 '
| ? | IERRARE |
y g N ey "”ﬁ R K
v ogitll ;
ki ooy
i 79
M =<
q -
5 L
-0'84 ; | | |
000 00 000 2500 2000 1500 ent 500

IR = (Nujol)Vmax 2900, 1740, 1720, 1460, 1170, 770 cm’
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"H NMR ('H 400 MHz) Bruker

I S | - _ _J - s -
10 9 8 7 6 5 4 3 2 1 0 ppm
2 3 3 5
S - 8 &
L] w

NMR(CDCL,) O = 1.39, 2.73, 4.22, ABX system (J,, = 12.5 Hz, J,, = J, = 3Hz)
3H,H_, H and H,
1.85, 2.82, AB system (J,; = 16 Hz), 2H, H_
3.44, s, 3H, OMe, or OMe,
3.54, s, 3H, OMe, or OMe,
4.29,s,1H, H,
6.90-7.37, m, 8H, Ar-H

2265 nsnaAsaUANTANTIUaYNaddss

nnaaestazld 2,2 - diphenyl — 1 — picrylhydrazyl (DPPH) radical (g‘ﬂ‘ﬁ 2.6)

= a a o = A & A @ A <
sﬁ\‘]Lﬂu@wﬂu@ﬂ@ﬁ‘zmﬂ@umq\u@ﬂﬂ?muﬂﬁuﬂﬂﬂﬂ'g\? Lﬂuﬁ‘lfﬂL@uﬁﬂuﬂqﬁwmﬁﬂuqmﬁm’]uﬂugﬂﬂ

Baszanansnsednis Inelisaanisifindees DPPH uanesa gU 2.7
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)
OZN\<>/NO2
NO,

gﬂﬁ 2.6 qm‘imm?wwm 2,2 — diphenyl — 1 — picrylhydrazyl radical (DPPH)

) €]
/1N flavonoil

H. 0 |

) @
O,N NO, ON NO, O,N | NO,

1353 o
ANN
NO, NO, NO,

gﬂﬁ 2.7 nalnnsiindees 2,2 - diphenyl — 1 — picrylnydrazyl radical (DPPH)

NNININABUAMNINIATITYAEMATA  TLC  Screening  for  Radical
Scavensers  ilunnsnmagauAnn WAz itesuileginaasviessdilsznanlaan
ansnaRELeNANVEAueYyARATE TN lAE 1 o
1. WIRNENTATAE 2,2 — diphenyl — 1 — picrylhydrazyl (DPPH) luniuealfiimaig
dadudszanms 0.2 mM Taeds DPPH 11 0.0789 n5u azanaluamiuea udaufy
Fnmslurandndsnimslviilu 1000 wa.
finnsamansatavenuiiazansluanay asuuuy TLC selduss
thasldutlu tank Russeslidmiunsinaasdl
11980311370 tank ﬁqiﬂﬁuﬁﬂu@’@mf’m

NUANTAZANE  DPPH  faNAddNasuuldye  TLC  Mwssadlalunauusnlsiinna

o N

weneuniuliiduazenadn o wavszdeen iy TLC Wanlandnuly
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Sy a

UNNELUE D FIULNTeNANT AN NEFUe LY agaTTAzlIIN N INeNAed
UURUANYY e nansilgnasueyyadaszasinljiseniu DPPH radical inl9@
199789 DPPH el Asdsngnisnleanans@uessansuuiu siica gel Uuudy TLC waz

posHaATiuA o4 Auvidsiudludinges crude 2e9Tiiatiu 9 neuww DPPH agll

(U 2.8)
419 AN AN1Ianang
Anng ‘ ‘ ‘
v v VvV Vv
o) o) o) O O O
nN9uUNY DPPH UAINY DPPH

sUN 2.8 anwouzresuiy TLC Neuwazuas spray 6ivel DPPH

ad a a a‘dg/ 1 % ' dl v =
']ﬁV]@ZQ@‘LILﬂJ\‘IQMﬂWWQLﬂ?’]ﬁﬂu@‘éﬂ'}ﬂlﬂ‘l’]?’}‘]_lfﬂ crude V]iﬁ@’]ﬂ@’]?%ﬂ@ﬂlﬂﬂ N

gVBsueuyaBase antuAsinlUnaseugnansiuenyagastidTunndinasisely

2.26.5 d@9luanisnaaas

annanaaesnudn Uisenildlulason TifadfAsen (TLC Check) nnsvin
Ufjnsenlu Seal tube wazns Reflux lallefidusnansinaing 76-98% yields

@19 Dienophile \flunginazifinlizenald winiamaaeaiu Microwave Tdifin
Unsen udiiaUfjnsenldaiy General Method 1 24-48 42l 814118930 ANGIAALLEY

dl A dl o o o i/dl d” ¥ 4

irasliivesnefiazyinliluiana Form siaiuld Tantmmaassll ineasdluszazgaine nis
Tureuazaainuin MasTRsnld an Magnetron 2891A789814 lIANAAY T9azFag

a | N
NANBILATUIATNLNF VUL LA @1‘]J1‘Llﬁ‘$ﬂ AURRN

o o

2.2.7 NISRILATIZRAUNUSARIAITUY

Q
=

nsdamszded Tuu  9,10-lalalnsueunsn@u-9,10-euln-aani, ws-uulnad
Tu14(9,10-Dihydroanthracene-9,10-endo- &, [F-Naphtroquinone) uaz  9,10-1alalnsuaum
$1%1-9,10-10uln-aan1, Lus-tuulnAT luw(9,10-Dinydroanthracene-9,10-endo- &, -
Benzoquinone) Tneilfji3ennas — aaainaf (Diels — Alder) sEUd9UaUNIEUTL 1,4 Wi

e TuL wazsenineuaunduiunis-wnlaedtuy  Ieeldlaaudduianiazans lunns
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Anwntiilunnsdanziing  253a-9017 [ Reflux wunldnisaquuiusasainid  Tasld
waen  Seal tube : guUN 2.9] wazievnaniuziwmzanlunIduATziine 1A
iwafidusueInananuINNgn

2271 nsAwATIER  9.10-lalalasuaunsidu-9,10-taula-aani, lumi-wudinad

<I:‘14!u(9,10-Dihydroanthracene-9,1O-endo-OL,[3-Naphtroquinone) TmeIAE Seal tube
(Reflux wuuldn1sarundumnlaainid Iaalduaan Seal tube)
n13daAIziN A lasN TN e UNITU 1.000 NFN (0.0056 TNa) HaNAUT1,4 wull
MA3lul 1.0600 N5 (0.0067 Twa) wWnloaunwevion (Uszunns 5.0 Nadans)  luvasn
Fa-NnT ldurierundwanaslld andudannglulnsauadll Uncdnasnda-noillduuu uan
i hlasludninefnlaniilueas  a98gul hot plate WianviasguunRl3N100-110
= a o @ & o >
avAalEea wavila liuieusdanuyunaannadunandszains 24 dalus (gU 2.9) s
alFlfuanniiudneans (esud) Nmdestdoslaaaslslinuiieiaiseanainiaanda-
a 9:/ @ O dl = = =K % dll nl/
fiat] anntiuininissyweasanen lmauias lnaaelslinueanannuanfaeAsadn A WLUL
ARANNHNALAULTILAIRTAdaLHAR TN ATLIAe TATN INTns B9 L9 (TLC)

nalnnisanadfisennnaulunssuaunsdaunssiiiaTusuaun sl

I
SOSRRYS = Y
- TN
0]

2272 msdauAsIz 9.10-lalalasuaunsidu-9,10-taula-aani, iuai-tuulana

<l:uu(9,1O-Dihydroanthracene-g,1O-endo-OL,B-Benzoquinone) TmeRs Seal tube
(Reflux wuuldn1saiuuuumlaaind tagldiaan Seal tube)

N384z IR TABINN7UNLAUNITY 1.0001 NFU (0.0056 THA) NANALNIIN-LL
1A TuL 0.9097 NN (0.0084 T1A) Wnlaaunayian (Uszanns 5.0 Radans) T vaanda—

v
AT Mduvispuudivanadlyd anntiudanialulnsiauaslyl Tacnaasta—nqTlEiuu waaun
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Tasludninasnlanisduees 219atiuu hot plate WianvieaIgUugR14N100-110 290
AR wazila liwiawdmdnuyunaennaiiunaidszun 24 4alue (5UN 2.9) dans
Blifiuaniudeans  @euds) Amdesgialanselsiinuinalanaiseanainuas ata-
P Y o = = ~ =2y dl o

fint] anntiuininissymeiasanen lmauias lnaaelslimueanannuanfaeLATaIn AU

ARANNHNALAULTILAdR TR daUMARS TN ATLIne TATN TN AR LAY (TLC)

nalnnafiadfisenfiniazulunszusunisdaunssiifsausununinsell

Xylene,N2 /\
= \/
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519 2.9 194nF9UNIniIT Seal tube

2.2.7.3 M RESHARAMNANLAAINNISABATIZULSENE

v
6 o/ a

ANINANTUI (crude) nlFannisdaimssinsansd st liusgns
. . }% a o =) o s
(purification) aaldmalinraanillasuningns W (Column chromatography) N19aNARANL
1 v 1
wuudenavasldaeduinuadusinuguanats 1 aene 30 wuRwesldnansivizesage
1) (Absorbent) Aa Ganaakas MaAAUNYTaRTy (Eluent) ABLENEL P ONBADLE
W (8R9491 0.95 fa 0.5 amiunnsdaaszyl 9,10-1alalnsuanni@u-9,10-tauln-a4a
W1, 1wsn-wul Tn A3 luiy(9,10-Dihydroanthracene-9,10-endo- &, f-Naphtroquinone) — az?
fM31491 0.80 Fia 0.20 : @uSuNITdLATEd 9,10-1alalnsueunInTu-9,10- euln-a4a
ALLUAN- LUl A 1)
¥ ° ¥ a £ o a o = a o el ¥
dupaunimn liusgranilaaEuann N13RINANYRIA ARSI LFaanun
v o O "f.’/ ) a o % 2 dl olx
pasifiannazane  antutinllszimsauidaneriiueamandusaserean A uLLLAAAINN
o/ o dl v o/ o‘d‘ =l v v :J/ o v ] < dl
ptinasazanef ldadlumedninmsenldudn  A1ntinNNII YA ENITUeEN9TIALEINE
laweunandunmaesanmeindiseneenten  udsRniuiinisrslaeldianauiuie
a a dl = v dl 1 o dl % :l/ [3 ?.// o [~3
noaezdannwrenls  ielaansfaiiefedn1seanin  TUAIUANIALANIITUAZRINNTAL
217828 UARANRANNNAENARANARBIIUIANAINLTTHIDL 30 a8n  ANUULNANT
2% dl =3 v a [ o‘ta; a :g a
azaeluvaaannassuasngarineiiuld  wsmaseundnsuTIRnIulatmATATATHN
Wsnaifiaune  dlinudndanswiaeetiasannsongafiuansazaleanAaanitld  (us
v 1Al A 1&G © [~1 1 % ] o aal 9 %
dnwugndansmaeegininiaiusiae udaiinismsaseufsisnisdnag)
:// v o dl [~3 912:/ ng Y o o
Tunaugaiie Ynaaanaaesniiuasazay 3vannaune 3 liFannazans
'ﬂl v v v 49{ v ] U
suwmeipan  liNaliaoududuaeddnsaratanInTuLa1Na17a2a0 e A ANARRILARY
o e ~ o = ¥ o R
naanllninisnmagaulnglnsunnsna WRILIBNATY  L@FALAININITHENNARANAABT
E al dld 1 o/ Yy o v ?:/ o 3 o o
Waaqn (spot test) qaLAzanHAAsiuNlddaeiuuAsa NIl i ldvinnnsszmasani
= dl Y v o dgj ¥ ¥ o o =K )
azangaan nIadNand ludntinllgaaonausaifuussiugainaninasauamuaniifni
a a s o s = a = o
wi Inenismnaauaeiivag  warfigadlanansainieailinamatanisanininealall s

I FT-IR, 'H—=NMR, “C-NMR uag MS

2.2.7.4 NAMSAAATIENAYAUEURIAT LY TALIE Seal tube
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AMNNNINARBININIFIFUATIZY  9,10-1a18TA5181UNINT1-9,10-1auTa-dan", LLFN-
wilnadluu  1eeRdnng Seal tubewudnlfansuansneiutdn 1.6300 n5u AsLilu
. Y

wWesidupueasnaniusivinay 86.24 Lefidus (A59N 3 A1519N 2.13)

doun1damzy  9,10-lalalasueunindu-9,10-laula-gann s -1uulaad T
(9,10—Dihydroanthracene—9,10—endo—a,ﬂBenzoquinone) ImeA3nng Seal tube WuIN e

ANFUARNADSIMUN  0.1270 NN AW aSEUAIRNNARA S WINAL  7.96  1afib16

(A5 3 An919T 2.13)

A19199 2.13 wlafifusiananaasnisduansiauiusaasadiuy Aa 9,10-alalasuaun
$111-9,10-taula-dan, lwen-uulinAdtul - (9,10-Dihydroanthracene-9,10-endo-, [
Naphtroquinone) uaz 9,10-lalalnsueuns@u-9,10- wwula-gani iwin-wulsadluu e

43019 Seal tube

o e asiiuRnanan (% )
A1gminlgnsen — — — —
AFIN 1 AFIN 2 AFIN 3 LRRe
Wt AT + waunady 79.08 82.59 86.24 82.64
T AT + LANNTTY * 472 5.40 7.89 6.00

* 3% Seal tube ( Reflux wuuldn1sarutuunaaniA Ingldiaan Seal tube)

nsnaaadlagldlulagan wudn Laiindnsen

AANNDNLUNT
MW“’}@‘M@@NLM@QI@HI%L@%@QW]“’}@M@@NL‘M@QW‘LIQ'W@W? 9,10-lalalnsuauna@u-
9,10-tauln-8an", lAN-w A 1 (9,10-Dihydroanthracene-9,10-endo- &, [
Naphtroquinone)  hidaiaseildannaa Seal tubeNAAUABNIMAVNTL 204-210  B3AN
daldeg (lit™ = 209-212 asAamad) d9uans  9,10-Inlalnsueunan@n-9,10-1auln-aa
WA LuAN-luulraa Tuw (9,10—Dihydroanthraoene—9,10—endo—a,ﬂBenzoquinone) ﬁiﬁ@ﬂﬂ
n3daAzilagdinng Seal tubeanvaaNIIAWNGL  208-216 avALtAlmad (it > =

207-210 a9AIALTHER)
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2275 dayganwdilninsalatluas 9,10-lalalasuaunsidu-9,10-1auln-aan i

a-  wullnadluw (9,10-Dihydroanthracene-9,10-endo- &, FNaphtroquinone) 1neidd

Seal tube

A919n 214 dayalilsneu dowedas winwin wlouuudaninaiuaes  9,10-1alalas

WaUNITU- 9,10-.euln-gan,wsin- wlma3luw (9,10-Dihydroanthracene-9,10-endo-

Ol,ﬂNaphtroquinone)

Chemical shift ( ppm )

Assignment

1.60
6.00
7.00-7.60

2H, H, uaz H,
2H, H, uaz H,
8H, Ar-H

A9199 215 dayannduazaiinaeinisduaindunsseaiinaiuees 9,10-1alalns-

LAUNINTU-9,10-lauUla-gan, 1us-tul A Tuu

a,ﬂNaphtroquinone)

(9,10-Dihydroanthracene-9,10-endo-

Wave number (cm™)

Functional group

3000
1658.3

=C-H of aromatic stretch

C=0 stretch
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11457.9,1294.6
709.1,597.6

C=C of aromatic stretch

=C-H out of plane of aromatic

A19199 2,16 dayaafuau-13 damdss uunwsn wluuwiaulnaiuaes 9,10-lalalns-

LAUNINTU-9,10-laula-gan, 1us-Lul A Tuu

a,ﬂNaphtroquinone)

(9,10-Dihydroanthracene-9,10-endo-

Chemical shift ( ppm ) Assignment
45.85 2C, C, uar C,,
48.22 2C, C,. WAz C,,
124.67-126.65 8C, C,-C,
128.38-138.89 4C, C,, uaz C,,
143.91-154.28 4C, C,, uaz C,,
181.53 2C,C,, uaz C,,

AIsen 217 deyaunaaninsimesanlnaiuues 9,10-lalalnsueunsndu-9,10-ou-

To-dan, lwsn-uutlmadTuw (9,10-Dihydroanthracene-9,10-endo- &, [F-Naphtroquinone)

m/z (N'm/ﬂ‘iz'i) Intensities
336 10 (M)
178 100

Tspau  Aoedsd  unnwean  eloiuudandnaduaas 9,10-1nlalasuaunsdu-

9,10-tauln-aan1,1us1-uuilinAd lun(9,10-Dihydroanthracene-9,10-endo- &, -

Naphtroquinone) meﬁ\‘lgﬂ‘ﬁ 2.12

AunIgedlmSNaas  9,10-lalalAsuaunandu-9,10-1wuln-aan, 1wsn-ud nea-

Ty uanessgin 2.13

ANFUAU-13 Taedas uuniuAn wlaluudanlnaiuaes 9,10-lalalasuaunsndu-

9,10-taula-aan1,1us1-uuilinad3 lun(9,10-Dihydroanthracene-9,10-endo- &, -

Naphtroquinone) LLzﬁmdﬁdgﬂ‘ﬁ 2.14
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uHd dllninslmasalnasuaas 9,10-1nlalnsuauns@u-9,10-uln-dann, 1wd-

wullnAdtuw (9,10-Dihydroanthracene-9,10-endo- &, F-Naphtroquinone) U mﬁﬂgﬂ‘ﬁ
2.15

DEPT aulnduaesans  9,10-1alalasuaunsidu-9,10-wula-aan, wein-uuln

A3-Tuu (9,10-Dihydroanthracene-9,10-endo-, [FNaphtroquinone) LL@mﬁ\igﬂﬁ 2.16

s 0M0815_1_4_Nath_1H
exp3  sZpul
SAMPLE SPECIAL
date Aug 1% 2004 tem 5.0
solvent 13 gain rot used
file somrdatasbrem~ spin 20
ner/f1ds, /wsBd~ hst 0.008
0813_1_4_Math_iH.f~ pwi0 8.950
id alfa 20.000
ACQUISITION FLAGS
Ll 4798.5 11 n
at 1.983 In "
np 18174 dp ¥
e 2600 he i
bs a PROCESSING
a1 1.000 fn used
nt 8 DIsPLAY
ct 8 212.6
TRANSMITTER wp 2959.5
tn i 601.6
sfrg 299.918 rfp 0
tof 241.4 rp 3.2
Tpwr 60 1p =51.8 -
W q.025 PLOT
DECOUPLER wC 250
e sc o
dof 8 wvs 500
dm nn th 20
g— .g nm C? ph
"
dg‘; 13100
| -
T =N g y - —_— =
|
impurity impurity
. UL . | L
T T T i T T T T
s 8 7 6 5 4 3 H 1 -0 ppm
ol h e oy Lt [ R —
1.62 1.45 19.38 17.69 0.56 2.9
12.15 7.97 1.42 7.94 0.28 28 .66

g 212 Tsmeu fawedef wniwdn slauuudaulnninaes 9,10-lnlalasuaunsi-
9,10-auln-daW, wa1-uuilinadluy  (9,10-Dihydroanthracene-9,10-endo- &, -

Naphtroquinone)
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S
3

wolesfen
PERGN ELMER s
W
1'5.3? e
2T " 88
[N -]
5
21
- L)
it
G e
: i
Em
o
T S
b+ ]
3
=
m
o
ta
-3.85-4 T T T 1 T T T
4000 3500 3000 2500 2000 1500 1000 500 cmt

0408710 11:09
X: 4 scans, B.0cm-1, apod weak

sUn 213 Buseeaulaiuaes 9,10-lalalnsueuns@u-9,10-eula-aav, wsin-uul

A71114(9,10-Dihydroanthracene-9, 1 O—endo—a,ﬂNaphtroquinone)

,,....
LER
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51U 214 pfueu-13 Howded uunuin wlawuudauneiuaes 9,10-lnlalnsuauman

F-laula-gana, win-uwul e Tuw (9,10-Dihydroanthracene-9,10-endo- &, [

Naphtroquinone)

"er CLANS-3003 *e* Meport No. = . Data : WESTEL.DOL C4/0R/2D Laihaid
Sasple : sample 1

Jee
Sumple Amgrunt 1l
Privtion Facter : 1
n 1 Unknewn

ope b
Mathod File Name @ DISOCI.MET
11

ame 1 | €031 - 3,040 )
847

anthracene -

. 336

s 215 uns aulninslmesanlnninaes 9,10 lnlalnsueunaVdu-0,10-leuln-davh

Wwen-uulnA3 i (9,10-Dihydroanthracene-9,10-endo- &, FANaphtroquinone)

CH, Carbon **

CH, Carbon **

CH Carbon

All Protonated Carbon
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si#l 2.16 DEPT 189 9,10-lnlalnsuenmandu-0,10-louln-dav, ludn-uuslinadtu

(9,10—Dihydroanthracene-9,10—endo-a,ﬂNaphtroquinone) (** 13Jﬂi’1ﬂgﬁﬂ)

2276 dayanuailninsalatlaas 9,10-lalalasuaunsidu-o,10-1auln-aan,

A-tuulgA?1uu(9,10-Dihydroanthracene-9,1 O-endo-a,ﬂ-Benzoquinone) TAeAg Seal

tube

A15199 2.18  deyallsnau Tundes unnwdn wlsuudanlnniuees 9,10-lalalasuau-

N91414-9,10-1a110-8 a1, lusin-1uuTaea Tuw

Benzoquinone)

(9,10-Dihydroanthracene-9,1 O—endo—a,ﬂ

Chemical shift (ppm ) Assignment
3.80-4.20 2H, Hyg — Hg
5.70-5.90 4H, H, = Hy
6.90-7.30 8H, Ar-H

1
12 a

A99N 219 dayamnuiuazatinaeinisduainaunssagiinaiues 9,10-lalalns-

LAUNIITU-9,10-taula-gan, 1usin-1uuTaea Ty

a,ﬂBenzoquinone)

(9,10-Dihydroanthracene-9,10-endo-

Wave number (cm’)

Functional group

3000
1680
1420,1200

=C-H of aromatic stretch
C=0 stretch

C=C of aromatic stretch
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750,689

=C-H out of plane of aromatic

Tspau dawpaas uunwin elaluudanlnasuaes 9,10-10lalasuauns@u-9,10-

wula-an, lA-LulEaAa 19, 10-Dinydroanthracene-9, 1 O—endo—O[,ﬂBenzoquinone)

LanIsa g1 2.17

AungedlmsNaae  9,10-lalalasuaunandi-9,10-1uln-aani, lwsn-tuulnea-

Tuud (9,10-Dihydroanthracene-9,10—endo—O(,ﬂBenzoquinone) LAPNAN gﬂﬁ 218

BENZOQUINONE-ADDUCT SUKIJ
PROTON

BRGRER
(O

Current Data Parameters
HAME AP271204_3
1

EXPNO

PROCRO 1
F2 - Acquisition Parameters
Date_ 20041227
Time 16.086
INSTRUM avi00
FROBHD 5 mm BBI 1H-BB
PULPROG zq30
™ 65536
SOLVENT cDCl3
NS 16
DS

2

SWH 8278.146 Hz

FIDRES 0.126314 Hz

3.9584243 sec
181

8
oW 60.400 usec
DE 6.00 usec
TE 300.0 K
ol 1.00000000 sec
MCREST 0.00000000 sec
MCWRE 0.01500000 sec
........ CHANNEL f] ssssssss
HUC1 H
Pl 6.70 usec
PL1 =3.00 dB
SFO1 400.1324710 MHz

F2 - Processing parameters
51 8

10 9 é 'a:' é 5
g g g
00 .-

w
[

L

e
|

SF 400.1299947 MHz
WOW EM
558 (1]
LB 0.30 Hz
GB 1]
1.00
1
ppm

s 217 Tdsmen fHowmdes uwunwdn wlguundanlnaiuaes 9,10-lnlalnsueunsngu-

9,10-taulp-8an1 tuA-tuulaad luu

Benzoquinone)

(9,10—Dihydroanthracene—9,10—endo—O(,,B—
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PERKIN ELMER
16.92-
"
~2.80 | T T 1 T T T
4000 3500 3000 2500 2000 1500 1000 emi 500

si# 2.18 Bursusesilaiuaas 9,10-lnlalnsueuna@u-9,10-loula-ann, lwdn-wwle

A% 11434 (9,1 O—Dihydroanthracene—9,10—endo—Ol,,B—Benzoquinone)

2.2.7.7 a3Uuan1InARas

anmemeaeinudt YT llannn iAauUffEen naduenzd 9,10-la
lalnsuauna@u-9,10-euln-dan,wen- wuillnedluy  Tned8n1s Seal tubewudnld
waefiiusaasnanineiviniy 86.24 wlefidus daunnsdamaizd 9,10-lalalasuauns
T-9,10-10ula-aW, 1ws1-1uulaadluw(9,10-Dihydroanthracene-9,10-endo- &, -
Benzoquinone)  1agAgn1s Seal tube wudnlsefidusvenandnsivindy 7.96
e fidust

417 Dienophile nga Quinone ilumffithasfinfFeenfiald uwiniamasesi
Microwave laliipnfTen usliAaLlfF3enlEATL General Method i 24-48 dalis anaiiias
an Mdspauseetedliifteavaiiasinlsluana Form fafild Gsnemeaasil linaaes
lusrazqaing msldaureasiemiinunn faiasild an Magnetron TeaAteaalsl

G o o Y P ' -
LAINNTAY snwmmmmmLmzmmmrammu@umiﬂmzmmm
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2.2.8 dfjfFansiinansilsenaui@adau (Complexation)

2.2.8.1 N9AIATIEY B9A LalunAlgalsian (zine monoglycerolate or ZMG) (gﬂﬁ

2.19)

—O0
CH,—OH THZ \Z
| n

+ HO
CH—oH * 20 —— o o 2
CH;—OH CH;,—OH
glycerol zinc oxide zinc monoglycerolate (ZMQG)

gﬂﬁ 2.19 NN9&9LAIIZ Zinc monoglycerolate

2.2.8.2 nsdaAs1ziden Tulunatgalsian (zinc monoglycerolate) Tneinns Reflux

'
o

sTefdaanlad (ZnO) 5 AN (0.06145 Tua) ldasluradunanauin 500 Ha.

Funaasea (C,H,0,) 50 nin (0.5429 Tua) wawviassdaudnfoaiu 91N Reflux

(290 avAmaLEea) 1waan 40 winvsliansazaranadu andmasludnines 250 ua.

AiTvinnawBunms 150 ua. mmmn@uﬁfmLﬂ?@qni@qqm@‘mmﬁmﬁ Aanznaudasinndy
3 pfs ANAr 50 wa. antuihunanazneulueniuea ﬂﬁ“ﬂ\‘lmaﬂﬁ?}’fmlﬁ%ﬂ\‘iﬂﬁ‘ﬂ\?@&]
qryunAanass Aenznaudeinngu 3 ast Afar 5 wa. dwanilaleuiiguugil 80
asAgaiag i lilngadienanenl nieallaanisuiqanaauiuan (melting point) wazld
walan1eaninsalell own dunsusagalninsalell (FT-IR) wazdawmdss wunimn 1ol

'
[ =1

wuudalninsalatl (NMR) atniuauanmnilefdusnananilte A9n15199 2.20



107

A1g19n 2.20  wWefifuduananvaanisdamsisy dad Tulunawalsan (zinc

monoglycerolate or ZMG) Taeinns Reflux M9a1 40 W17

WA - | T 39A - | i 39A Tlu- | Tua 9@ Tulu- | wedfisus | wan

piedl | eenlod | eenlas nawalsian nawmalsan ARG (W)
() (Tua) (nNFu) (Tua) (U sius)

1 5.0023 0.06147 8.9398 0.05754 93.59 40.0

2 5.0019 0.06147 8.8214 0.05678 92.36 40.0

3 5.0021 0.06147 8.9126 0.05736 93.31 40.0

Lﬂalf;l 5.0021 0.06147 8.8913 0.05723 93.09 40.0

2.2.8.3 msdaAgzyt 29 ulun@dalsian (zine monoglycerolate) Taeld OCRMJ
Domestic Microwave Reactor®

Fagafaanlos (ZnO) 5 n5u (0.06145 Twa) laasluaaanunanTuim 500 Na.
Fsndiesen (CH,0,) 50 N (0.5429 Tua) naunsaesdaudndaeiuudaldurionus
wan  asluwmaadunan wdainlilldle OCRMJ Domestic Microwave Reactor® @puia

Tulnsiauananlileaslumadunaniialaanisaan  antuninislvaaululagsanann

u

PFENAUANTANAS AN 1,000 306 1wt 1.0 wn uazilaATesniuagnaen 719419
B , A a v | | < ¥ = I's
azanglineguilgiunviadieuisaulsiidanasnidomansazataas uininasaun 250

RPN 4 o S Y dl

na. NRUNABENIAT 150 1A, MIFANATNAU  NIDINZNAUMIEILATEINIDINAGEITYINA

v R S P an e - 2

ANATNAUAETNNAUATIAY 50 1A, 3 AS Winzneunlsnmnnaznanluen ueadnmss

o = 9 = o = 9 ¥ e o ¥ =

LARNIDINANANELATANNIBNAAAEYTYINIA AWNNANALTINAUATIAL 5 N, 3 ATY AWNAN
o dl al o a & [ % s = U a

uunseansetitlileun 80 avAmaisa v liigatiandneaimiaaiiae THnatianig

aulnTnsalall Aa aunsee  dulnimealall (FT-IR) Wunan Aunnmnlesidusiuanan
v 1

waznn1maaaddi inaninnislEeaululasianiduingn 2.0, 3.0, 4.0 4az 5.0 WINATNAIAU

A9 A1919N 2.21
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aNNNAaadlnanNiIsanafad lulasnnniaalnii 450, 600, 850 WAz 1,000 Tm6t

1141981 5.0 W1 WNass #1579 2.21

=
ANTINN

2.21

WafduRNANANIaIN18LATIZT

R

ulunaealsan

(zinc

monoglycerolate or ZMG) Imeld OCRMJ Domestic Microwave Reactor® — finna< bnin

5119 <] 1A 5.0 WA

AW | WA - | TuaBed - | w39 Tulu- | Tue 39d Tlu- | weflausd | 1an
N panlas | eenlEs | nawalaan namalslan NALAR (179)
Glal) (N3F4) (Tua) (NF4) E) (CIGEL )
450 5.0021 0.06147 6.2111 0.03998 65.03 5.0
600 5.0031 0.06148 7.1558 0.04606 74.91 5.0
850 5.0026 0.06148 7.6798 0.04943 80.40 5.0
1,000 5.0042 0.06150 9.0136 0.05801 94.33 5.0

AN519N 2.22 wafidusnananlunisdanszy 398 Iulunamalaay (zine

monoglycerolate or ZMG) Tmeild OCRMJ Domestic Microwave Reactor® 1,000 Jm5 9

IANFN
WWEIA- | TuadeA- | Wi 39A Tulu- | Tua @A Tulu- | wlefidus 1A
At | eenlad | eenlod nawalaan nawwalsan NAEAR (179)
(NF) ) (nFu) (Tua) (asiaus)
1 5.0048 0.06151 5.5837 0.03594 58.43 1.0
2 5.0022 0.06147 6.1808 0.03978 64.71 2.0
3 5.0030 0.06148 6.9348 0.04463 72.59 3.0
4 5.0051 0.06151 8.1605 0.05252 85.39 4.0
5 5.0042 0.06150 9.0136 0.05801 94.33 5.0
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A1519 2.23 wafidusnananlunisdanszy 398 Wwlunawalaam (zinc
monoglycerolate or ZMG) Tmeild OCRMJ Domestic Microwave Reactor® 450 37 7

1987 5.0 19 LAZ 10.0 W17

WA - | TuaTeA- | w394 Wlu- | Tus S Tulu- iwlafidus 1A
pxat | eanlad | eenles | nawelsian nawmalsan HANAR (179)
(nFu) (Tua) (nFw) (Tua) (ilafimue)
1 5.0021 0.06147 6.2111 0.03998 65.03 5.0
2 5.0008 0.06146 8.2844 0.05332 86.76 10.0
Mp > 250 °C
2284 NANANITNARRINIG  Spectroscopy 224 @4A tnlundtdalsian (zinc

monoglycerolate or ZMG)

zinc monoglycerolate or ZMG
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A9 2.24 dayannuiuaraiareanisduaindunsenainpivaes 9 lwlunaels
LN (zinc monoglycerolate or ZMG) A1nNN1T Reflux

Frequency cm™) Functional group

3423.8 O-H stretching
2935.8 ,2882.9, 2846.0 C-H stretching
1274.6,1237.4 1124.6 C-O stretching
990.5 C-C stretching
876.5 C-O stretching

Infrared Spectroscopy (FT-IR Perkin Elmer)

34,27

At |

13.26-4 T T
4000 3500 3000

T T T T T
2500 2000 1500 1000 cmt 500

N9NAaadlaeis General Refluxing
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2.2.8.4 @3UnaN19NARDY

=

annimmeassnudn dinsanildianiasoni wan 5 winn

o

Andalndln 450-1000 W
mm@alﬁmﬂiéﬁuﬁmmamﬁmwﬁﬁwwi']m'iﬁﬂﬂﬁﬁ?m‘fmﬂmi Reflux TA8RANNLANFNY

2941981 N9 R0 8 Wi
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Short communication

Abstract
A facile synthesis and crystal structure of cis -9,10-dihydroanthracene-9,10-endo &, £ succinic

anhydride from the reaction of anthracene and maleic anhydride in xylene in a short time and high

yield using a modified commercial domestic microwave oven is reported.
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Commercial microwave ovens are now widely accepted as safe and convenient devices in
the kitchen. The magnetrons in these ovens are set at the frequency of 2450 MHz for raising the
temperature of water molecules through an efficient absorption of microwave energy.' In 1986,
Gedye et al.>* and Giguere et al.* > demonstrated that many organic reactions can be conducted
very rapidly under microwave irradiation. Since then, several other groups have described
accelerated organic reactions under microwave heating [include the work of J. Berlan and S.-T.
Chen here].”® Some reactions have been reported using modified domestic microwave ovens.’

The methods which have been developed for the preparation of cis-9,10-
dihydroanthracene-9,10-endo ¢, f succinic anhydride involve heating a mixture of anthracene
and maleic anhydride in a high boiling point solvent at reflux temperature.'® This is a tedious
procedure and requires long reaction times in order to obtain the final compound in high yield.
We report here a facile synthesis and the crystal structure of cis-9,10-dihydroanthracene-9,10-
endo o, [ succinic anhydride from the reaction of anthracene and maleic anhydride in xylene
solution in a short time and high yield using an modified commerical domestic microwave oven
with a developed control software.

In the reactions reported herein, we have used an apparatus modified by our group. It is a
domestic microwave oven perforated on the top to accommodate a reflux condenser and with a
10-cm pipe to avoid microwave leakage. The turnable dish was replaced by a magnetic stirrer.
The microwave apparatus was equipped with an infrared temperature detector and had full control
of times and incident power through a remote manual control box. For automatic control, special
software was developed using Microsoft Visual Basic (version 5) to control the step power and
time by program setting via the micro controllers.'’ The software can create a time program, save
methods, and the precise conditions of the reaction.

It was found that when a mixture of anthracene and maleic anhydride in xylene, an
excellent energy transfer medium, was irradiated (800 W) in a microwave oven for 8 min, cis-9,

10-dihydroanthracene-9, 10-endo «, £ succinic anhydride was obtained in 93-97% yield. The

3
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temperature during microwave irradiation was recorded using an infrared thermometer (129-138
C°). For comparison purposes, this reaction was repeated in a sealed tube using the same mole
ratio of reactants. The sealed tube was dipped in to an oil bath (100-110 C°) and left stir for 24
hrs. After purification, cis-9,10-dihydroanthracene-9,10-endo «, £ succinic anhydride was
obtained in 74-85% yield (Scheme 1). In both methods, the products were identified by their

spectroscopic properties which compared favorably with that reported in the literature."
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Scheme 1.

O

. @)
8 min
—_—

MW Irrad. 4 O

93-97% O‘.Q

24 hr

—_—

sealed tube
74-85%

Diels-Alder reactions of anthracene and maleic anhydride under differencent

reaction conditions.
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The molecular structure of cis-9,10-dihydroanthracene-9,10-endo ¢, £ succinic anhydride
was solved and refined in a non-standard monoclinic la space group with refined cell parameters

a = 11.0443(6), b = 9.2760(7), ¢ = 12.8426(13) A and A= 101.302(9)° with the final refinement

R; =0.0255 and wR; = 0.0641. Figure 2 shows the finally refined molecular structure with 80%
thermal ellipsoids. The molecule consists of three rings of which the middle ring was edge-shared
to the two adjacent rings in a non-coplanar arrangement within the ring with the intra-molecular
bond angles of C8-C1-C13 and C9-C3-C17 equal to 106.86(11)° and 107.09(11)° respectively.
This results in half of the middle ring to be nearly co-planar with the adjacent ring on one side,
and another half with another ring on the other side. The dihedral angles of C3-C17-C8-C8 and
C3-C9-C13-C10 are 178.53(12)° and 178.67(12)° respectively. The other edge of the bending ring
is connected to the five membered- ring of succinic acid anhydride, in also a non-coplanar fashion
with the dihedral angle between C11-C2-C1-C13 and C9-C3-C4-C18 of 58.13(13)° and 58.86(14)
° respectively. The refined structure agrees well with the structure reported by D. Delgado ef al. 2

as a new non-centrosymetric monoclinic polymorph of cis-9,10-dihydroanthracene-9,10-endo o,

[ succinic anhydride, in which the sample was obtained via a different synthetic method.

A typical single crystal sample of round and colorless habit with the dimensions of 0.34 x
0.26 x 0.18 mm’ was carefully chosen for the single crystal X-ray diffraction analysis. The
intensity data were collected on Bruker SMART CCD diffractometer with graphite-

monochromated Mo K, (A = 0.71073 A) radiation at temperature of 293+2 K. A hemisphere of

data was collected using a narrow-frame method with scan widths of 0.30° in ®. Data processing

was accomplished with the Bruker SMART program and the intensity was corrected with the

. 13, 14
multi-scan method. '*

The structure was solved and refined by direct method and successive
different Fourier map using SHELXS-97'"° and SHELXL-97'® vig the WinGX'’ program

interface. All non-hydrogen atoms were located from different Fourier maps and refined
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anisotropically, whereas the hydrogen atoms were located geometrically and refined using a

riding model provided by the SHELXL-97 program. The structural deduction and refinement

details are summarized in Table 1.

Table 1. Single crystal data and structural refinement details for cis-9,10-dihydroanthracene-9,
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10-endo ¢, f succinic anhydride

Molecular formula
Formula weight
T (K)

A (Mo Ko, A)

Space group
a(A)

b (4)

c(A)

B

V(*)

Z

Dcalc (g Cm_3)
p (mm™)
F000

Omin, Omax
Unique data
Ri [I>20(D], R
WR1, WR2

S

Maximum and average shift

Cig Hi2 O3
276.28
293(2)

0.71073

I a(No. 19)

11.0443(6)

9.2760(7)

12.8426(13)

101.302(9)

1290.17(18)

4
1.422

0.097

576
2.73,25.25
2284

0.0255, 0.0257
0.0639, 0.0641
1.053

0.000
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Figure 2. Molecular structure of cis-9,10-dihydroanthracene-9,10-¢, f-succinic acid anhydride

showing 50% thermal ellipsoids with numbering scheme.
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Spectroscopic Procedures:
'H NMR (400 MHz) and "*C NMR(100 MHz) experiments were carried out on a Bruker AM 400
spectrometer in CDCl; solution ; IR spectrum was recorded on a Perkin Elmer FT-IR

spectrometer ; mass spectrum was recorded on a Perkin-Elmer GC/MS .

General Procedure for the Synthesis of cis-9,10- dihydroanthracene-9,10-endo o, [ succinic
anhydride

(a) By using a modified commerical domestic microwave oven
(http://www.science.mju.ac.th/chemistry/research/weerachai/reactor eng.htm): A mixture of
anthracene (1 g, 5.6 mmol), maleic anhydride (0.823 g, 8.4 mmol) and xylene (5 mL) contained in
a 100 ml round bottom flask was placed in the modified microwave oven. A condenser was
attached and the solution was subjected to irradiation of 800 Watt for 8 min. It was then allowed
to cool to room temperature. The product was purified according to the report of Bachmann et
al.'® After recrystallization from MeOH, colorless needles were obtained (1.512g, 97.85% yield),
m.p. 262-265 °C (Lit."® 262-263 °C). IR (KBr) (Vmax, cm™): 1228 (C-O-C), 1475 and 1655 (C=C
Ar.), 1783 (C=0), 3100 (=C-H Ar.); '"H NMR &: 3.51 (2H, s, 2CH), 4.80 (2H, s, 2CH), 7.16-7.39
(8H, m, Ar-H); °C NMR &: 45.9 (CH), 48.2 (CH), 124.2-127.1 (ArCH), 138.2 (ArC), 140.1

(ArC), 170.1 (C=0); MS (EI) m/z : 276 (18), 203 (19), 178 (100), 149 (67)

(b) By using a sealed tube : A mixture of anthracene (1 g, 5.6 mmol), maleic anhydride (0.823 g,
8.4 mmol) and xylene (5 mL) were placed in a 38 mL, 20.3 cm long pressure tube (Aldrich). The
sealed tube was dipped in to anoil bath at 100-110 °C and left to stir for 24 hrs. After purification
and recrystallization from MeOH, colorless needles were obtained (1.317g, 85.2% yield), m.p.

262-264 °C.

10
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Introduction

A considerable amount of research has been devoted to the synthesis of 9,10-dihydro-9,10-
ethanoanthracene-11-carboxylic acid methyl ester, a starting material used in many synthetic routes
[1]. In 1986, Gedye ef al. [2,3] and Giguere ef al. [4-6] demonstrated that a wide variety of organic
reactions can be conducted very rapidly using microwave irradiation. Since then, several other groups
have described accelerated organic reactions [7,8,9], but no study of the microwave-assisted synthesis
of 9,10-dihydro-9,10-ethanoanthracene-11-carboxylic acid methyl ester has been reported. We wish to
report herein a facile high yielding synthesis of this compound in a short time using a modified
commercial domestic microwave oven controlled via software developed in this laboratory.
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Results and Discussion

In the reaction reported herein we have used an apparatus devised by our group. It consists of a
modified domestic microwave oven perforated on the top to accommodate a reflux condenser and a
10-cm pipe to avoid microwave leakage. Additional modifications include: replacement of the
turntable with a magnetic stirrer and addition of an infrared temperature detector and a computer-
driven remote for the control of time and incident power. For automatic control, special software was
developed using Microsoft” Visual Basic® (version 5) to control the step power and time by program
setting via the micro controllers [10]. The software can create timer programs, save methods, name and
precisely control the reaction conditions (Figure 1).

Figure 1. A modified commercial domestic microwave oven, control box and software.

Infrared Themometer

B : e —— W
- 1? 1000 w f .
30 sec
Power
.
/,/ Time(min}
L
Remuole Contral

It was found that when a mixture of anthracene (1) and methyl acrylate (2) in xylene (an excellent
energy transfer medium) was irradiated (1000 W) in a microwave oven for 6-8 min, compound 3 was
obtained in 70-85% yield. The temperature during microwave irradiation was recorded using an
infrared thermometer (266-280°C). The classical methods using a sealed tube and general refluxing
were also performed using the same molar reagent ratios. The sealed tube was dipped in an oil bath
(120°C) and left stirring for 24 hrs, while 48 hrs (120°C) was used for the refluxing method. After
purification, compound 3 was obtained in 81 and 84% yield, respectively (Scheme 1). Comparisons
between times, temperature and yields are summarized in Table 1. The product 3 was identified by
comparing its physical and spectroscopic properties with literature values [11].

Scheme 1.

6-8 min
—_— 70-85%
MW Irrad.

70T v s S A

sealed tube

48 hr

B 84%

Reflux
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Table 1. Comparison between methods, times, temperatures and yields.

Method Reaction Time (min) Temperature (°C)™! Yield (%)
Microwave irradiation 6-8 266-280 70-85
Sealed tube 1440 120 81
General refluxing 2880 120 84

[a] : Measured by infrared thermometry.
Conclusions

In summary, we have developed a facile synthesis in a short time and with high yield of the useful
starting material 9,10-dihydro-9,10-ethanoanthracene-11-carboxylic acid methyl ester using a modified
commercial domestic microwave oven.
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Experimental
General

'H-NMR spectra (400 MHz) were obtained in CDCl; solution using a Bruker AM 400
spectrometer. Proton chemical shifts (8) are reported in parts per million relative to MesSi (6= 0). The
IR spectrum was recorded on a Perkin Elmer FT-IR spectrometer. All reagents and chemicals were
obtained from Aldrich Chemical Company.

General synthetic procedure

Caution: When carrying out microwave-heated reactions in the reactor, sudden boiling of some
liquid may occur [12]. Do not heat any flammable liquids or solids, hazardous substances or
radioactive materials in any type of microwave oven, whether domestic or laboratory-type. Do not
heat sealed containers in the microwave reactor. The reactor must be electrically grounded and
connected using a properly rated three-pin cord and plug. It is recommended to carry out the reactions
while microwave reactor is kept in an efficient fume hood.

A mixture of anthracene (2.5 g, 14 mmol), methyl acrylate (1.53 g, 17.8 mmol) and xylene (15 mL)
contained in a 100 mL round bottomed flask was placed in the modified microwave oven, the flask
was connected to a condenser and subjected to 1000W irradiation for the appropriate time, then it was
allowed to cool to room temperature. The product was purified according to the simple method
previously reported by W. Phutdhawong et al. [1a]. The pure product was recrystallised from MeOH
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as colourless crystals (1.25 g, 85%). M.p. 117°C (Lit. [11] 117°C); IR (KBr) (Vmax, cm™): 3100 (=C-H
arom.), 1725(C=0), 1460(C=C arom.), 1200 (C-O-C); 'H-NMR (CDCls) 7.42-7.37 (m, 4H, ArH),
7.38-7.00 (m, 4H, ArH), 4.68 (d, 1H, ArCHCHCOOCH;), 4.26 (t, 1H, ArCHCH2), 3.54 (s, 3H,
COOCHj3), 2.93 (m, 1H, CH,CHCOOCHj;), 2.00 (m, 2H, CHCH,CHCOOCHj3;). The sealed tube and
general refluxing methods were also carried out using the same molar ratios of reagents.
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