CHAPTER III

RESULTS AND DISCUSSION
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triphenylphosphine wer€ disclosed to be@an agil]isa]blf]r%gem for this kind of
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In the paJsent study, variousfactors were Erther scrutiniz‘sgto search for new
appro@tmﬁl\&ﬂﬁ mt“%ﬁ}@rvqﬁ%ac&iﬁtions for the
preparatipn of acid chloride. The standard chemical reaction involves the reaction of
benzoic acid with halogenated reagent to form the acid chloride intermediate, which
was consequently trapped with selected cyclohexylamine to furnish the desired
product. Variable parameters studied included halogenated reagent, base, reaction
time, temperature and solvent system. Moreover, under the optimized conditions, this

protocol would then applied for the synthesis of potential bioactive compounds.
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3.1.1 Effect of Halogenated Reagent
Significant differences in the reactivities of acid chloride intermediate
formation were mainly caused from halogenated reagent. The results are described in

Table 3.1.

Table 3.1 Effects of halogenated reagents on the formation of N-cyclohexyl

benzamide
entry halogenated re t %yield of
\ _ ’7 N-cyclohexylbenzamide
1 none : e — trace
2 | trichloroaceto (CECCN) S 64
3 trichloroace : ' 62
4 ethyl trichloreace 3CEO,E) 62
5 ethyl tribro g 3 -‘ t) 78
6 iodoacetic aci 0] 13
7 | wichloroacefic aéid fCLGT 55 7 40
8 tribromoaceti¢acid (Br ; \ 43
9 | trichloroacetic anhyds; __* ) 12
10 | i-propyl trichloroacetate (C15C I 55
11 | trichloros (CI,CCONHC, : 69
12 | N, N-diethy i i | 60
13 | N,N-diethyltfibromoacetamide (Br;CCONE, 72

reaction condaﬁ ﬁ m mﬁmn}j: a(:] irrr:gl;m .
Wt QKb b it

The halogenated reagents employed in entries 2-3 and 6-9 are commercially
available reagents whereas those in entries 4-5 and 10-13 were derived from the
synthesis in this research.

The synthesis of ethyl trichloroacetate, ethyl tribromoacetate and i-propyl
trichloroacetate (entries 4, 5 and 10) was achieved by esterification of the

corresponding carboxylic acid, alcohol and concentrated sulfuric acid as a
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catalyst.so’SI The yield of the desired reagent was comparably high (69-75%). The IR
spectrum of ethyl trichloroacetate and ethyl tribromoacetate exhibited the ester
carbonyl absorption band at 1762 cm™. The presence of alkyl and C-O bond was
inferred from the presence of bands at 2981 and 1240 cm™. The '"H-NMR spectrum
also clearly confirmed the identity of these compounds: three protons at &;; 1.38 and
two protons at oy 4.39 of an ethyl group.

The synthesis of trichloroacetanilide (entry 11) was fruitfully performed by
treating hexachloroacetone with aniline following the procedure cited in literature.*?
The IR spectrum of trichloroacetanilide éxhibited the amide carbonyl absorption band

at 1699 cm™. The medium, intensit 1598 and 1443 cm’ were the

characteristic peaks of 8. Thes of alkyl, N-H and C-N bonds
was inferred from thy at 3054 and 1315 cm™. The '"H-NMR
spectrum displayed five at ¢ 4-7.57 and a broad singlet N-H

and 13) could be synth€si ONvVersi - ‘the eorreésponding carboxylic acids to
their acid chlorides by u i drops of dimethylformamide
Then, the mixture was add mine solution to yield the desired
product.”*® This reaction could d to prepare tribromoacetamide

editm ini@psity bands at 1562 and 1444
cm’™ were the characteriitigeaks of an aroaytic ring. The presence of alkyl, N-H and

C-N bonds coﬁ %ﬁcéﬂ Qﬂsﬂ, WQE.nWBg ’Qﬂe‘s‘ectively The 'H-NMR

spectrum displdyed five aromatic %Iotons at SH 7.24-7.75 and a broad singlet N-H

e U0 AT IAN D) Y oo

cyclohexyl ring and the methine proton of cyclohexyl ring was detected at &y 3.88-

carbonyl absorption bgd at

4.02. The IR and '"H-NMR spectra of N-cyclohexylbenzamide are shown in Figures
3.1 and 3.2.
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Figure 3.1 The IR spécty

Figure 3.2 The 'H-NMR spectrum of N-cyclohexylbenzamide
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Considering the effect of halogenated reagents on the formation of acid
chloride, it was observed that when the reaction was carried out in the absence of
halogenated reagent (entry 1), the desired product was obtained only in a trace
amount. This was clearly demonstrated that the halogenated reagent was crucial for
this reaction. The efficiency of halogenated reagent was found to depend on a type of
the halide group on halogenated reagents. To illustrate this, the use of Br;CCO,Et
(entry 5) gave %yield of N-cyclohexylbenzamide more than that of Cl3CCO,Et (entry
4). This was perhaps derived from the fact that a bromide ion was a better leaving

; / hloride ion.? In addition, a type of the
\\ ” led the profound effect on the

reactivity of the reactio "“nm iple 5[13 ry 7) gave the amide product in

group and of more nucleophlhc

substitutent on halogenat

moderate yield comparéd ' n ¢ latter reagent bearing more

affinity electron-withdrawing g o 1p ' - ’ uence to provide the desired

product in higher yield. Of! s \I cetron-withdrawing group were
chosen to prove 4 nibtion: < \ \ CILCCONH,, CliCCOZE,
Cl,CCONHC,Hs and s \nd 12) provided the yield of
product comparable to t trichloroacetic acid or tribromoacetic
acid (entries 7 and 8) did ng g} _,: od vieldof the desired product probably because

of their acidity that may make the reaction beeome acidic and thus not appropriate for

The efficie . —__m ----------------- ding N-cyclohexylbenzamide

could be arranged as sho

Br;CCO,Et > Br;Cr ONEtz > Cl3CCONHC6H5 ~ Cl;CCN ~ CICCONH; ~

Cl;CCO,Et ﬁﬁﬂiﬂ Wﬁ?ﬂﬂq ﬁ?OZH > CI3CCOH >

ICH,CO,H >

IR R ey

reagent and the ease of work-up procedure. To illustrate this, the reaction employing
CI3CCONH; could be easily performed and the work up procedure was more
convenient than those using Br;CCO,Et or BrsCCONEt, or Cl3CCONHC4Hs,
CI3CCONEt; or CI3CCN, respectively.
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3.1.2 Effect of Base
According to the literature review, it was observed that similar reported
reactions to produce acid chloride normally used triethylamine as a base. Not many

-24
423 Therefore, another

studies, nonetheless, paid much attention to the effect of base.
worth intriguing feature conducted in this study was the examination the effect of

bases. Various bases were thus investigated and the results are tabulated in Table 3.2.

Table 3.2 Effects of bases on the formation of N-cyclohexylbenzamide

entry base %yield of
N-cyclohexylbenzamide
1 nV — 75
2 trieth 7/’ / ‘\ \\“\.. 62
: P /IR NN o
‘ Illiziﬁ\\\‘\ i
5 4-pico I E \\\ 90
6 imidazg 63
7 quinalding 458 82
8 3-cyanopyrdingaatd= < % . 55
9 pyridine-N-o g L 65
10 ' :-". ::‘.r.--;.-.jz ¥ 90
reaction conditions: -henz ONH, (6 mmol)

; h3 (6 mmol), CH,Cl, (6 mL),

s tlmeﬂ U ﬁﬁ ﬂﬁ ﬁ"‘i{m 973
ARG BUNIPREY b oty

increasél when the base used was a weak base. For example, pyridine, 4-picoline,

clohexylamine (3 mmol)

quinaldine and quinoline (entries 3, 4, 6 and 10) gave the desired product in high yield
compared with the common base, triethylamine employed. Moreover, this reaction
could be performed without using any extra base (entry 1) to yield the desired product
in high yield. From the above information, the suitable base for this reaction should be

of the structure analogous to pyridine such as 4-picoline, quinoline and quinaldine.
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From the studies on the effect of base described above, the bases which aid the
reaction to provide desired products from the highest to the lowest, are shown below.
4-picoline ~ quinoline > pyridine > quinaldine > none > pyridine-N-oxide ~ imidazole

~ triethylamine > DMAP ~ 3-cyanopyridine

It should be worth noting here that the use of 4-picoline, quinoline, pyridine
and quinaldine as an effective base for the aids of converting acid chlorides to amides

has never addressed in the chemical literature.

used homogeneously s orm, acetonitrile, ethyl acetate

e"‘\
and tetrahydrofuran.

Table 3.3 Effects of sgiVent'sys -:f'~ e ‘?am f N-cyclohexylbenzamide
AN
entry solvent l ﬂ% w‘l\\\ ‘clohexylbenzamide
1 CH,C ! 3 ‘\
2 CHCls ‘ g
3
4 AAc
5

reaction conditions: “benzoic acid (3 mmol), CsCCONH, (6 mmol)
ﬂn l\%( ylamine (3 mmol)
ARV R (L5 1o e
reaction time: step I 1 hour§ step II 20 minutes.

ammmm 9N Y

Eour common solvents were selected to examine whether they could use to
replace CH,Cl, in this reaction. It was found that CH,Cl; (entry 1) still gave N-cyclo
hexylbenzamide in the highest yield. However, in some specific cases CHCl; (entry 2)

may be another alternative use instead of CH,Cl, in this kind of reaction.



36

3.1.4 Effect of Temperature and Reaction Time

Reaction time and temperature in step I of the general procedure were altered
in order to find out the relationship between the reaction time and temperature which
could provide N-cyclohexylbenzamide in the highest yield. The results of %yield of
N-cyclohexylbenzamide when altering time and temperature are displayed in Table

3.4.

Table 3.4 Effects of temperature and reaction time on the formation of N-cyclohexyl

benzamide ) ’ ,

Entry | Reaction temperature | Reaclioff time of %yield of

(V N-cyclohexylbenzamide
Ty "/’/’é‘\\\“‘ -

97

7/ EPNNN
D /K= 9 N\

99

| e L AR

reaction conditions:  benZoi ag (3 --':T' »V Cl3CCONH,; (6 mmol)

fﬂ CHyCL (6 mL), cyclohexylamine (3 mmol)

o

l

Jf
4‘piC01i "':’.;‘f—![ MOL).

reaction time:

For the dura ¥éh of the “"‘ °C, it was found that the
desired product was jl ained in low yield. The increase of the reaction temperature
provided the ﬁﬁ itati reaction time only 30
minutes. Thergf lﬁ Oﬁm ﬁ’aﬁ Hﬁﬂlﬁeacnon are 30 minutes
at refluxing dlcﬂloromethane temperature. In addition, the advangage of this reaction

cameﬂuw éﬂx&dﬂeﬂﬁt%&j%ﬁﬂé}oﬂly ’f:lrarrgl:arboxylic cid

substraté, which in some cases not totally dissolve at room temperature.

3.2 The General Consideration of Selected Halogenated Reagents and Bases
The cost of reagent is one of the important factors to be seriously considered
in organic synthesis. The practical synthetic reaction must offer high yield of the

desired product using non-toxic and inexpensive reagents. The costs of both
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halogenated reagent and base are therefore considered as expressed in Tables 3.5 and

3.6.

Table 3.5 The comparison between %yield of N-cyclohexylbenzamide and the

cost of some halogenated reagents

entry | halogenated reagent cost* %yield of
(amount / price) | N-cyclohexylbenzamide

1 CI;CCN H /69.30 64
2 | Cl,CCONH, \\Wj / 62
3 CI;CCO,Et 62
4 | Br;CCO,Et a 78
5 |ICH,COH /! // ‘L “S 13
L7705 O
WD /7 v
8 | (ClCCO),0 ll #100- \\ 12
9 | cieco.c i : ;f; ’_ 7 55
10 | C,CCONHC4H; Jf |iia’ =A% 69
11 |CLCCONEy, # dhee=-ra 60
12 | BuCCONE, _ == EBE - 7

* US dollar (fro ‘tt;r_m”f?ifl

** halogenated reagei padation in this research starting
from CI3COOH (¢ ry 6) )

R IBIIEI BTT s e

%yield of N-cyﬂohexylbenzamxde were tnchlorcg:etamde and 1 trichloroacetate
| PRy
repeat Synthesis of N-cyclohexylbenzamide was carefully performed employing
CI3CCONH; or CI3CCO;Et under the best conditions (reaction conditions: benzoic
acid (3 mmol), C3CCONH, (6 mmol), PPh; (6 mmol), CH,Cl, (6 mL),
cyclohexylamine (3 mmol) and 4-picoline (9 mmol) and reaction time: step I at reflux
for 30 minutes, step Il at room temperature for 20 minutes), it was ultimately
observed that the reaction with CI3CCONH, gave the desired product (97%) higher
than that utilizing CI3CCO,Et (87%). It should however be noted that CIC3CCN
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(entry 1) and Br;CCO,Et (entry 4) also gave the desired product in good yield, but the

costs of these reagents were rather expensive.

Table 3.6 The comparison between %yield of N-cyclohexylbenzamide and the cost

of base
entry base cost* %yield of
(amount / price) N-cyclohexylbenzamide
1 triethylamine 250 mL/34.90 62
2 DMAP 250 g/ 224450 57
777
3 pyridine E‘M 86
4 4-picoline —";l n{ 90
5 imidazole f/; “‘\ x% 63
6 quinaldi o jz&gk& \\i\ 82
8 pynd1ne-N-ox1 . )F“\\\\\ 65
9 quinolin " E% ‘i\ 90

* US dollar (from Fluka catalogug. °"’4.-

=
b

It was found from Tab _ ohit sropriate base which was suitable both

price and %yield (of C benzamide was 4-picoline
(entry 4). Besides th/AMOMIaDR

performed easily anda amide produ

alwork up procedure could be
was achieved i&}xcellent yield.
From the outcomeef variable facters studied as described above, it could be

conelEa thﬂ}%ﬁnﬁ}'ﬂ:&}ﬂ@ Wsﬁ}ﬁc]ﬂv‘vjre a5 Fallows: Wiep I

carboxylic acidhi eq as a substrate, CI3CCONH, 2 eq and PPh; 2 eq as a combination
o

of rea ﬂ'f,‘m mL%‘Tw bﬁﬁd out at reflux
for 30 minutes (or following b tep II; amme 1 eq as a trapping agent,

4-picoline 3 eq as a base at room temperature and the appropriate reaction time could
be followed by TLC.

It should indeed mention at this point that this research disclosed a new
methodology to utilize the combination of inexpensive reagents: CI3;CCONH, and

4-picoline as a halogenated reagent and base, respectively. These reaction conditions
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were thus kept as standard conditions for the synthesis of biological amides and

esters.

3.3 The Mechanism of Acid Chloride Formation

The mechanism of acid chloride formation in this research was believed to
take place similar to that reported by P.C. Crofts®* and J.B. Lee.'” The proposed
mechanism is described as follows.

The reaction was obviously a multi-step process. Initially, species (1) occurred

. Species (1) was reacted further with
). Finally, acid chloride and
triphenylphosphine oxide were-produceéd by-the tiansformation of species (2). The

evidence of the presen )

of triphenylphosphine®frog / i tic \\\“\\

de"eould be visualized by isolation
' / cedure. by column chromatography as
white needle crystal, m€lting 3 3( 6.£C: The mecha is shown below.

PPh; + Cl:@ PhsP*CCl,CONH,CI

1)
(1) + RCOOH OOP'Ph;CI" + CLLHCCONH,
3)

.. ¥
) i . m
‘e Ly

34 ApplicatPT mﬁﬂﬂjwm ?f Target Molecules
Most biqluc ive compounds usually found as simple derivatives of amides and
esters. 1 0 ¢ o& ﬁfﬂ of biological
activita ﬁﬁﬁﬁﬁmmzll mm tér ompounds are
also wiqdely well-known active ingredient in cosmetics, nutraceuticals and

pharmaceutical formulations. This developed acid chloride preparation protocol was

therefore attempted to apply for the synthesis of those biological amides and esters.
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3.4.1 Biologically Active Amides
N,N-Diethylbenzamide (T1) and N,N-diethyl-3-methylbenzamide or N,N-
diethyl-m-toluamide or DEET (T2), an insect repellent, have been well-known to

employ as mosquito, flea, gnat and many other insect repellents.®’

¢ C
| "/// by )

&ewously reported by treating

he amine was added into the
while that of T2 was 94%.

(TT)

The synthesis ofthese-€o
carboxylic acid with
mixture. The yield o
The drawback of this*rea _
SOCl, which the by 5 W ' 7 AT e chemicals and invariably

y be seen from the use of

T1 could be achie ME o . nys difficulty employing this developed
protocol in 99%. The IR spget -;;,' l bx a strong absorption band at 1629
cm’ md1catmg the presence o carbonyl. The medium intensity bands at 1524
and 1450 cm™ were he characteristic peaks omatic ring. The C-H and C-N
bonds were mferre : nd 1372 cm™. The 'H-NMR
at Oy ai& Four broad singlets at 8

1.10, 125,326 and 3. 55 were typical of two ethyl groups.

By e (T2) could also be
achieved in 9ﬂymﬁ E@,ﬁ) 0;?11) génve?q mide clearly exhibited the
amide ? ﬁl bands at 1564
and 14 Qﬁﬁaa ﬂtﬁm m’]n mmﬂ Elesence of alkyl

and C-N bonds could be observed from the bands at 2970 and 1367 ¢cm’™'. The 'H-

spectrum (Fig 2) dlsp

NMR spectrum (Fig 4) displayed four aromatic protons at 8y 7.15-7.28 and a methyl
group substituted on an aromatic ring at &, 2.40 with 3H intensity. Four broad

singlets at & 1.10, 1.28, 3.25 and 3.58 were typical of two ethyl groups.
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2-Methylbenzanilide or mebenil (T3) and 2-iodobenzanilide or benodanil
(T4). T3 possessed a fungicidal effect against Rhizoctonia solani®® while benodanil
(T4) exhibited good action on injurious fungi, especially from the class of

Basidiomycetes, e.g. Rhizoctonia, Coniophora, Tilletia, Puccinia, and Ustilago.*®
O O

esisof ﬁlpounds6869 were successfully

or o-IC6H4COCl with PhNH, in

N
H

benzene at 10 °C to yield in¥97% a respectively. The drawback of

this reaction could 6bvigt pefseen “from the rea temperature employed at

By employing : 4 ;ﬂ ‘   0 could be accomplished in
» g ‘absorption band at 1645 cm™,
e medium intensity bands at 3119, 1594
and 1439 cm™ were the charzi:.t ----- an aromatic ring. The presence of N-H
and C-N bonds washi 1 the ' sgit 3227 and 1326 cm™. The
'H-NMR spectrum .1-"‘,:7 ) displayed a multip of gine aromatic protons at 8y
7.18-7.67 and a singl@‘nethy prote ated on an@omatic ring at 8y 2.55.

This developed miethodology couldglso accomplishly be successful to prepare

T4 in 88 %. ﬁ’%&l’ M(E}Wﬁpwg 'g}(ﬂ %sorption band at 1660

cm’ mdlcatmglhe presence of amlge carbonyl. The medium 1ntensxty bands at 3032,

1598 ﬁi HQJ ﬂif@:ﬁ ? tﬁ! aﬁl The presence
of N-H bonds was infe rom the lucid bands at 3 and 1322 cm™. The

'H-NMR spectrum (Fig 8) showed a multiplet signal at 7.20-7.97 ppm with nine

protons integration of indicating the presence of two aromatic rings.

To summarize, four bioactive amides were fruitfully prepared from this
developed methodology with excellent yield as presented in Table 3.7. In addition, the
information upon the preparation of those target molecules previously cited was

included in this table.
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Table 3.7 The summarization of selected synthesized biological active amides

entry | starting starting amide product | %yield lit.
carboxylic amine
acid
1 benzoic | diethylamine 5 99 using thionyl
acid O)kp‘.:\ chloride®’
2 m-methy]l diethylam' \ 99 using thionyl
benzoic S g chloride (94%)%’
acid ’
J \\\‘\ .
3 o-methyl \\\\i\\ 91 0-MeCgH4COCI
benzoic AZP\ \\ @‘ and PhNH, (97%)°8
acid 'Ti"j‘ \ \}
A\
SRRV /2 W\ |
4 o-iodo iline* :g_ P \! /\ 88 0-1C¢H4COCI and
benzoic iE \ : PhNH, (90%)%
Vi
acid ' =

Even thoug f

methods, the experi

a
i
sac

ta

are d in excellent yield by cited

¢ not very appreciated in practical

sense. For instance, SOCl, or acid chloride which made the reaction conditions

¢ a

L
become acidi uﬂ?ﬁﬁ ?]wlm‘ﬂﬂ By the consequence,
by-products sueh as SO, an | are harmfully corrosive gases derived directly from

conditions,

for example,

¢

the

reaction

=1

temperature

in

oy e e (Y]

step |

or lower may
out under mild

at refluxing

dichloromethane (38-40 °C) and step II at room temperature were easy to manage.

The reaction conditions were in addition acid free.

To comprehend the scope of this developed system, a variety of amines

including aliphatic and aromatic amines was selected to react with a model substrate,

benzoic acid. The outcomes are tabulated in Table 3.8.
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Table 3.8 Effect of amines on the synthesis of amides using this developed reaction

entry | starting amine amide product %yield | IR (C=0)
(em™)
1 benzylamine N-benzylbenzamide 93 1641
(o}
”/\O
2 2,6-dimethyl 97 1642
aniline
3 4-phenoxyanaline 7 84 1645
4 cyclohexylamine 99 1629
L~ ' -
\7Z )
% I
5 diethylami y N, N-diethylbenzamide (TT1) 99 1629
U
R - | w
7 - 2 2 N e 1_& el
6 anblamiry y- d : 1d 1637
q 0
u/\/OH
2-benzamidoethyl benzoate
(0]
(0]
©/u\u/\/ T : 51| 1706, 1644
(o]
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Table 3.8 (continued)

entry | starting amine amide product %yield | IR (C=0)
(cm™)
7 octadecylamine N-octadecylbenzamide 63 1634

(Y ey

62 1649

N-(J-naphthyl)benzamide

Wz

i

8 a-naphthylamine

From the studi€s : 3 dimethylphenyl)benzamide,
N-(4-phenoxyphenyl)bgfizagfiide £ N-0 and  N-(/-naphthyl)-
benzamide (entries 2, 3 C\ ed in moderate to high yield,

eventhough the structures V€ 've y steric. In the case of N-(2-

hydroxyethyl)benzamide™ (entry 6. dfic arid product was detected in low yield. The
Iy -’ ".i' d . . . >
main product was the one der? £d-from the reaction of acid chloride produced with

: ; o T ; 1
ambident nucleophiles. This-miajor p fully characterized by IR and "H-
NMR spectra. Torih :
absorption band at [706 a 0 mo

carbonyl moiety. The 537 and 1490 cm™ were the
characteristic ‘ao ie, ¥l f ‘ , , C-N and C-O bonds
was inferred @nﬁﬂlﬂﬂfﬂn ﬂeﬂﬁ md 1270 cm™. The 'H-
NMR spectrum (Fig 64) contained’ a singlet sigial at &y 7.00 f N-H proton. The
MR iR RV EIL fala i Vgt i

rings. Two triplet signals at &;; 3.87 (J = 5.44 Hz) and 4.56 (J = 5.44 Hz) of aliphatic

i’ 63) exhibited a strong
resence of ester and amide

edium intensity bands at 3017,

protons were ascribed to four protons of ethyl groups. In order to obtain only N-(2-
hydroxyethyl)benzamide, protected oxygen functional group such as acetate or
benzoate derivatives may be required.”® Considering the extent of this reaction, this
developed methodology has advantage to unlimited selected amines. Both aliphatic
and aromatic amines could be employed for the synthesis of amides. The yield of the

target molecules was generally moderate to excellent yield regardless of type of amine



45

used. For example, the aromatic compounds: benzylamine, 2,6-dimethylaniline, 4-
phenoxyaniline and a-naphthylamine (entries 1, 2, 3 and 8) provided the desired
products in excellent yield. Aliphatic amines such as cyclohexylamine and
diethylamine (entries 4 and 5) gave the target molecules in superb yield.
Octadecylamine (entry 7), a longer aliphatic amine yielded the amide product in
moderate yield. It should be noted, nonetheless, at this point that with long chain
aliphatic amines, the yield of the desired product got lesser, perhaps because of steric

hindrance. Entries 4, 5 and 7 could be an instance. The moderate yield of the ultimate

product may be enhanced if th gomditions may a bit alter as will examplify

later. In addition, accordin s, N-(4-phenoxyphenyl)benzamide
3 .»-d 5

(entry 3) has not been usythis-ecompound is the new compound derived

Cinnamamide
70,71

ds have always been wide-
spread in nature. 2ssed to synthesize this class of
compounds. For instanc \\ ne isolated from P. longum L."°,
_."! has been reported. Some

cinnamamide target mol€c ste sclettéd to evaluate the scope of this developed
protocol.
2-Chloro-N,N-diethyicn displayed the herbicidal activity’

plants. ineluding Amaranthus retroflexus,

A
Sativa through either foliar and

by a phytotoxic activity age
Artemisia vulguris, Che

root adsorption. The p paration of this compound was however not recorded.
[
AULINBNINENNT
U a2

N
/
RIAINTAU UM INIAY
By employing this developed methodology, TS5 could be achieved in 79%. The

(TS)

IR spectrum (Fig 9) showed an amide carbonyl and «,f-unsaturated absorption bands
at 1643 and 1601 cm™, respectively. The presence of Ar-Cl and C-N bonds were
inferred from the presence of bands at 1046 and 1367 cm™. The absorption bands at
1564 and 1465 cm™ were indicative of the presence of aromatic ring. The 'H-NMR
spectrum (Fig 10) showed a pair of doublet at ;; 6.84 (/= 15.24 Hz) and &y; 8.04 (J =
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15.24 Hz) of two trans-olefinic protons.®> A multiplet signal at &;; 7.30-7.61 was due
to four aromatic protons. Broad singlet (8y 1.26) and quartet (&;; 3.55) of aliphatic

protons were ascribed to ten protons of two ethyl groups.

N-trans-Caffeoyl-f-phenethylamine (T6) is a potential natural antioxidant
with multiple mechanisms involving free radical scavenging, metal ion chelation and
inhibitory actions on specific enzymes that induce free radical and lipid

hydroperoxide formation.*®

......... yimidi

The preparation of affeic acid and phenethylamine

using benzotri 4'&:_1 lllll X "nl.A‘Illuull-uln"nlnllillnli-nii:‘-i:,i,, iumhexaﬂUOl'OphOSphate

(BOP) as a couplin cag e synthesis of T6-1 was

'r
achieved®® from piper® 1al and phenethylamine by heatifig under reflux in toluene for

24 hours to yiﬁ'ﬁl ﬁoﬁ, o
Utilizi %]t i el mml@yﬂﬂr;m:j of T6 was planed to

synthesize via N-(3,4-methylenedidk cinnam'giﬁ-neneth lamide®T'6-1 followed by
6:1

the deﬂtmg;] gbmrﬁrmr ﬂr om :lasﬂy achieved in

79%. Tl’e IR spectrum (Fig 11) exhibited a strong absorption band at 1645 cm™
indicating the presence of amide carbonyl. The absorption bands at 1495, 1321 and
1250 ecm™ were suggested for the presence of olefinic, C-N bonds and
methylenedioxy group, respectively. The absorption bands at 3073, 1547 and 1439
cm’ were typical characteristic of aromatic ring. The presence of an alkyl group was

inferred from the detection of the band at 2904 cm™. The 'H-NMR spectrum (Fig 12)
displayed a triplet signal at 8y 2.92 (J = 7.04 Hz) and a quartet at &;; 3.69 (J = 7.04
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Hz), indicating the presence of an alkyl group. The signals around 6y 6.82-7.37 were
assigned for eight aromatic protons. A pair of doublet at &y 6.17 (J = 15.24 Hz) and
7.57 (J = 15.24 Hz) was typical of trans-olefinic group.83 The signal at &y 6.02 was
ascribed for two protons of a methylenedioxy group. The broad singlet at 6y 5.60 was
assigned to one proton of N-H. In addition, according to the literature search, it was
found that armatamide’, isolated from the bark of Zanthoxylum armatum, was
extensively used in the Indian system of medicines as a carminative, stomachic and

anthelmintic. This compound was analpgous with T6-1 where a methoxy group was

N-(3,4-methy 7) was found for the first

time from the wood © pound was employed as a

pilepsirnium activity.*

Previously, theé:p ind= was addressed by heating

to yield T7 in 94%.

> N |
Accor gﬂgﬁ ﬁ(ﬁeﬁrﬂ%’ﬂ ull:tj::ijfully achieved in 79%.
The IR spect ) ted' a'strong Htio at 1645 cm™', pointing
out the presence of amide carboaj Other absorption bands at 1495, 1352 and 1245

cm’ rﬁﬂc?ﬂﬁfﬂ @ fumq m&q‘ay&ledioxy group,

respecti\,ely. The absorption bands at 3001, 1593 and 1439 cm™ were characteristic of

piperonal and piperidific under reflux in THF for 36 hout

aromatic ring. The presence of alkyl group was inferred from the observation of the
absorption bands at 2934 and 2858 cm™. The 'H-NMR spectrum (Fig 14) displayed
two broad singlet signals at 8;; 1.63 and 3.68 belonging to the signal of a piperidine
ring. The signals around &; 6.82-7.07 with three protons integration were assigned to

three aromatic protons. In addition, a pair of trans-coupled doublet at &y 6.76 (J =
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15.60 Hz) and 7.59 (J = 15.60 Hz) was manifestly detected.®> The signal at &y 6.02
could be ascribed for two protons of a methylenedioxy group.

It was observed that moderate yield of this desired product, T7 was achieved
under standard conditions. With the aim to improve the yield of this target molecule, a

series of experiments was carefully explored and the results are tabulated in Table 3.9.

Table 3.9 Comparative study for the synthesis of T7

entry step I step I1 %yield
CI;CCONH; (eq) | PP f‘-"’\ V peridine
‘&

time (hour)

15 79

2 A
i T N . 5
7/ SN b2

N
(NS

A7/E D N\ NI

reaction conditions: 3, 4fmethyler a nic .}\ (1 eq), CH,Cl, (6 mL),

step Ifa .ﬁ@ \Lhout, step Il at room temperature.

[t was clearly fou th FF’ a.m C-acid could be transformed to the desired
amide in higher yield if the rez ﬁ"ﬁ f% nSawvere a bit altered. This could be seen
' ors tl rofied the yield of the desired

" and the amount of the

from the outcome 0 Ptk

product included the'
halogenated reagentsgld PPhj (¢
not to reveal a significant gffect on the yield.of target molecule (entry 4). The first two

pramcces e i ol hclfbideid i prcutar case vas

greatly depend& upon the ratio of goupled reagents (ClgCCONl-&zJand PPh;) and the

= QR TREAAT F G s i

should B seriously considered. The yield of T7 could therefore increase from 79% in

lcvert elessmxe amount of amine seemed

entry 1 to 84 and 99% under modified reaction conditions (entries 2 and 3).

According to the aforementioned results, it could be concluded that the ratio of
halogenated reagent and PPh; had a profound effect on the efficiency of the reaction.
This parameter should therefore be considered as one of crucial factors to be justified.

The synthesis of biological cinnamamides in this research was summarized as

presented in Table 3.10.



Table 3.10 Summarization of selected synthesized biological cinnamamides
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entry starting starting amide product Yoyield lit.
carboxylic amine
acid
1 2-chloro diethylamine a 0 79 -
cinnamic A i
acid I\
2 3,4- 79 piperonal
methylene nine and
dioxycinna — phenethyl-
mic acid / 1P amine
Z/I\ ol
3 3,4- pipeniding 99* piperonal
methylene ’Y and
dioxycinna O piperidine
mic acid (94%)%°

* under modified reaction

presented in Table 311

With the same s

various types of caj

e

.II
|
W

NOXVIIC acliads were 1

AULINENINEINg

PMIANTUAMINYAE

e the scope of these reactions,

zmical probe. The results are
LY
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Table 3.11 Effect of carboxylic acids on the synthesis of amides using the developed

methodology

entry starting starting amine amide product %yield
carboxylic
acid
1 cyclopropane 3,4-dichloro 80
carboxylic acid
2 cyclopropane 97
carboxylic acid
3 methacryli e | \ 15
acid , \\ A
: N\
, Y2 "\\
4 butyric acid andin: ' \\\‘ 94
/P \RA®
5 6-bromo- o 0 67
caproic acig 2 ' N
(C6-Bv e .’::I
6 nonanoic ac1 o, 89
) i
(Co)
1 ! N
AUUINYNTHEING »
N 2
ARSI AN Y |
RN TN INYIQ Y
\ N
OH
OCH;,4
8 lauric acid benzylamine - 83

T2

(Ci2) CC\/N\

L
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Table 3.11 (continued)

entry starting starting amine amide product Y%oyield
carboxylic
acid
9 palmitic acid benzylamine 44
(Cie)
10 palmitic acid 31
(Cie)

The amides displayed i =3 and 10 are biological amide target
molecules. Those comipounds ¢ §£ ayed idal\activity® mutagenicity”’77 and
anti-inflammatory actiyity . waﬁ bserved 1l € desired amides manipulated
using short chain aliphati€ ¢ .. Id be achieved in higher yield than

those stemmed from long chais a arboxylic acids. For example, N-
anamide, N-benzyl-6-bromohexan-

idg™(entries 2, 4, 5, 6 and 8)

benzylcyclopropanecarboxam # e
amide, N-benzylnor T x

could be gained in“high yield wi
received in relativelymow ield along arge a.m@nt of acid starting material

recovered. Although thisareaction was not suitable with long chain aliphatic

carboxylic acﬂ tﬂd&lr{% p%&llﬁ WWIE&}Iﬂn was still achieved in

high yield. Infthe case of long chain carboxylic acid; the yield of N-benzyl-

} ¢ 'S a/ .
NG YN GO 7 RN I T
as the’in t I3 ) 5:" 3: ). reaction carried out with

cyclopropane carboxylic acid and benzylamine was a discrete reaction and provided a

@decanamide (entry 9) was

mechanistic clue. To illustrate this, due to the cyclopropane ring was not cleaved; this
could confirm that the reaction mechanism was not taken place via a radical pathway.
In the case of methacrylic acid (entry 3), the desired product was gained in poor yield,
perhaps because of the steric effect of methyl group. The comparative study between

the synthesis of N-benzylnonanamide and capsaicine synthetic (entries 6 and 7) were
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conducted. It was observed that N-benzylnonanamide was obtained in higher yield
than capsaicine synthetic. This was probably due to the fact that a hydroxy group on
an aromatic ring of amine may react with acid chloride formed. This was also true for
entry 10 that the desired product was gained in poor yield. To improve the yield of the
target molecules, it was mandatory to protect a reactive hydroxy group or improve the
optimum conditions as mentioned. In addition, it should be noted here that N-benzyl-

cyclopropanecarboxamide (entry 2) has not been reported in chemical literature.

The preparation I3 ompo ias described® by cleavage of o

5
| ey . ) )
substituted butyrolactones with hyérogen €hloride to produce y-chlorobutyric acids
i
. Pl et
which were esterified with methanol, t

A

then the mixture was addedwith 3, 4-di¢chlor 1e:to yield T8 in 90%.

1zed with base to the desired esters and

By employ ""r"'""'r
achieved in 80%. The IR

band at 1665 cm™'. Thé g_resence of N-H, alkyl and C-N bonds were inferred from the
occurrence of S ﬁ% m 'lﬂ‘t}: of aromatic ring was
in good agree th d?ijc n'ofb cﬂt 88'eII EO cm™. The 'H-NMR
spect i ) dis a‘o tic pr oi —7§ he broad singlet
at 8liﬁ7ﬁjségﬁﬁmoﬂ.ﬁﬁig ﬁﬂl : ﬂas ascribed to

four protons of two methylene groups. The C-H proton of cyclopropane ring showed a

oped methodoivg) Y T8 could be successfully

d an amide carbonyl absorption

multiplet signal at &y 1.50.

N-Vanillylpelargonamide or capsaicine synthetic (T9) (entry 7) was an
analogous of capsaicin, the principal pungent component in many Capsaicums being

known to exhibit a variety of biological activities, including recent findings
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concerning its mutagenicity.”>’” N-Vanillylpelargonamide was prepared to use as a

hyperemia including active, e.g. in plasters.”

H
N\"/\/\/\/\
o)
OCHs
OH (T9)

Naturally occuring cis: i icins could be prepared from (E) or
(Z)-acids by treating with"S¢ e -Aours, after that the mixture was

added with vanillylamiag er 2 hours and then refluxed

for 2 hours to yield S "\‘1\3"\:\ 66%, respectively.*
With the use of Ve i methodology, 9, was obtained only in 28%.
The IR spectrum (Fig e \ x | absorption band at 1651 cm’.
The broad band around cha acteristic peak of a hydroxy
group were inferred from the
o bands at 1278 and 1156 cm™
(Fig 18) displayed a broad

at Sy 5.70. The signals around &y

group. The presence © i

detection of the bands at/2
were assigned to C-O bonds" —ffr' H-
singlet signal whlc}_l was indieative-of N H
6.84-6.96 were typit as methyl, methoxy and
alkyl protons occurri are < '%, , respectively. T9 in fact
was achieved in compa atlvely low yield. Thxs was perhaps vanillylamine contained a
hydroxy grou ﬁ eaction to take place.
Therefore, to @ugﬁ bﬁlﬁﬁ mﬁ;tf;] st be protected or the
modified conditions were needed to'e consideredss

ARIA U TIN Y

N-Palmitoylethanolamine or PEA (T10) (entry 10) was reported to isolate
from a phospholipid fraction of egg yolk and hexane extract of peanut meal. This

compound was known to be responsible for its anti-inflammatory activity.*

(0]

OH
”/\/

(T10)
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The preparation of this compound was described””® from palmitic acid and
ethanolamine by heating these two compounds under reflux in THF for 2-6 hours. The
yield of the desired product was nevertheless not mentioned.

By employing this developed methodology, T10 could be achieved in 31%.
The IR spectrum (Fig 19) showed an amide carbonyl absorption band at 1644 cm™.
The broad band around 3631-3365 cm™ was the characteristic of a hydroxy group.
The presence of N-H, C-N bonds and alkyl group were inferred from the presence of

bands at 3291, 1372 and 2909 cm™. The 'H-NMR spectrum (Fig 20) contained two

e indicative of N-H and O-H protons,
respectively. The signals arouad oy 0.86-4:67 ibelonged to thirty four aliphatic
eveloped-ieaction provided T10 in low yield, due

to the presence of a h i ethanolaming and may be influenced from a

N,N'-bis(3-Chl i -- 4 de . (T11) was recorded for its

antimycobacterial and 3 iy This compound inhibited growth and

ﬂ‘uﬂ NYNTNYINT

Thﬁre aration of this mound was addressed by the fase of succinic acid

i DI GW HA DTSN Ehiowes

addmon of 3-chloroaniline in pyridine dropwise at 0 °C for 24 hours and then poured
into water to yield TI1 in 92%.*” The drawback of this reaction however could
manifestly be seen from the temperature employed and the long reaction time
required.

Employing this developed methodology, T11 could be achieved in 25%. The
IR spectrum (Fig 21) showed an amide carbonyl absorption band at 1668 cm™. The

presence of N-H and C-N bonds were inferred from the occurence of bands at 3288
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and 1321 cm™. The absorption bands at 1589 and 1410 cm’ were indicative of the
presence of an aromatic ring. The 'H-NMR spectrum (Fig 22) showed a singlet signal
at 8y 2.68, indicating the presence of an alkyl group. The signals around &;; 7.09-7.83
were typical of three aromatic protons. The broad singlet signal at &y 10.23 could be
assigned for N-H proton. In the case of T11 being achieved in poor yield, it will be

helpful to improve the reaction conditions by increasing the amount of the coupled

reagents.

N,N-Diethylvanillic acid ). The abovementioned target molecule
(T12) was planned to synthgsize employ: ic acid and N,N-diethylamine as a
staring material. Under theusuals i ns@; a white crystalline solid 0.147

g, m.p. >350 °C was urprisingly not soluble in any

common organic solve
peak at 1736 cm™,
C=0 absorption band

\)\ evealed a strong absorption
ation of ester instead of a normal
sly mentioned products. The
medium intensity band f : Scm’ the characteristic peaks of an
aromatic ring. The presenge alkyFatic d was inferred from the presence of

! \ opic data, it implied that the OH
group present in the stanng materia o ‘ olve in this intramolecular nucleophilic

e_fop-the obtained product was

AN WIS

(T12) OCH;,

IR

(T12-1)

To avoid an intramolecular reaction occurred as in the case of using vanillic
acid, veratric acid was used instead. The expected product was N, N-diethylveratric
acid amide. Unfortunately, this reaction could not provide the expected product at all;

veratric acid was almost recovered. To confirm this observation, 3,4,5-trimethoxy-
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benzoic acid was employed as a starting material, the corresponding amide was still
not possible to be achieved. This observation was therefore suggested that the
electronic effect of substituents on the benzene ring plays a key role on the reactivity

of the reaction.

110

106
104
102

;8

%T

§31‘6‘3882888$?88

1000

Figure 3.3 The IR spectru

To explore whethe acid moiety had an effect on this

reaction’ two benz V‘:-I-llk"ﬂll "o SN sareEnisSat 'a posltlon l e. an electron

..l

withdrawing group “ O gioup (-OCH3) were used as a

e usual manner. 4-Nitro-N-

starting material and“the reaction was performed in

ZZEiZi’ZZiLiE‘ﬁﬂﬁitﬂWfﬂﬁ“ﬁTTe B
’&IWI MﬂjﬁJWl’mﬂlﬁ

N
H

O,N H,CO
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Table 3.12 Effects of substitutents on a benzoic acid ring on the yield of amide

obtained
substituted group Y%yield
4-H 90
4-NO, 93
4-OCH; 91

reaction conditions: carboxylic acid (3 mmol), CI3CCONHj; (6 mmol)

PPh; (6 mmeol} j’ 13 (6 mL), cyclohexylamine (3 mmol)
icolifie (9 A\ &’eﬂux (38-40 °C),

reaction time: ¢p 11 20'minu

From the stu ; \\‘.»\\\ as therefore found that the

substitutents at para po \\ ffect on the reaction. Thus, the
substituent at meta positi yhin v1ty This result still reinforced

that this methodology*co : n Substitutents on benzoic acid

\
ctly due to a withdrawing ability

The IR spectrum of -'E:-” o Ne¢ye sliexylbenzamide and 4-methoxy-N-

cyclohexylbenzamidelexhibited a strong absorption—bz " at 1629 and 1624 cm™,
indicating the presefic€ o cOf N-H, alkyl and C-N bonds

were inferred from the ccurence of bands at 3308, 292 I 1342 and 3298, 2934, 1332

em’. Two bands at 1536%#iéh 1326 cm’ wmﬂd{i nitro group of N=0 bond.
The band at @ Qs aﬂn et ﬂ up of 4-methoxy-N-
cyclohexylbenzam1de The presence of an aromatic ring was agcertained from the

BT TR Rt R T

nitro- N-&clohexylbenzamlde displayed four aromatic protons at 8y 8.30 (J = 8.78
Hz) and at 8 7.34 (J = 8.78 Hz). The broad singlet at &;; 6.07 was assigned to one
proton of N-H and a multiplet signal at 8 3.97-4.06 of NH-CH proton. The multiplet
signal at 8y 1.25-2.09 could be assigned to ten protons of the alkyl groups. The 'H-
NMR  spectrum of 4-methoxy-N-cyclohexylbenzamide exhibited four aromatic
protons at &y 6.94 (J = 8.78 Hz) and at &y; 7.74 (J = 8.78 Hz). The broad singlet at &,
5.91 was belonged to one proton of N-H proton and a NH-CH proton could be
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detected at &y 3.95-4.00 as a multiplet (1H). The multiplet at &y 1.64-2.07 of ten
protons of the alkyl groups and the siglet at 8;; 3.87 of methoxy protons were clearly

observed.

3.4.2 Biologically Active Esters
The synthetic biologically active esters are well-known as an ingredient in
cosmetic, nutraceutical and pharmaceutical formulations.? Esters are generally formed

by the reaction of a carboxylic acid with an alcohol in the presence of mineral acid

such as sulfuric acid or dry hydroehlor e disadvantage of this reaction is a
reversible process and it - ;her cited methodologies for the
preparation of esters BE= fouric ixm—ature. For example, inducing
condensation of acid ¢ : \": he use of zinc as catalyst or by the
action of acid chloride hefsgd alt of the ”i Moreover, esters could be

obtained by the Claiseg snzaldehyde not sufficiently free from
chlorine-substituted alfchydes
In this research, gstey hloride by using the similar

methodology to that for the p Pﬁl“@ﬁ of:amidesy but the temperature used in step 11

was changed from room te perature | ] emperature of dichloromethane.

Benzyl benzoate (T13) was' isolated Al es of Kaempferia rotunda.

This compound ex Yﬁ Hsecticidal activity towards nate larvae of S. littoralis

QRIANS

The preparation of this compound was described from benzaldehyde and a small
of sodium benzylate by stirring these compounds at room temperature for 1 hour and
then warmed on the water bath for about 2 hours to yield T13 in 90%.%

By employing this facile developed methodology, T13 could be achieved in
85%. The IR spectrum (Fig 23) clearly showed an ester carbonyl absorption band at
1719 cm™. The medium intensity bands at 3063, 1598 and 1493 cm” were the
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characteristic peaks of an aromatic ring. The presence of C-O bond was inferred from
the detection of band at 1372 cm™. The 'H-NMR spectrum (Fig 24) showed a
multiplet at &y 7.35-8.12 with 10H intensity, indicating the presence of two aromatic

rings. The singlet at 8y 5.40 was assigned for two methylene protons.

Phenethyl cinnamate (T14) and cinnamoyl cinnamate (T15) were well-
known ingredient of perfume. It has been reported that phenethyl cinnamate

constitutes as one of the main odoriferous components, and used for cosmetic

products. T15 was performed in ' w
S\

~Z.

ce with food, drug and cosmetic act.

T14 could be fruitfully Tuﬁ he IR spectrum (Fig 25) showed an

ester carbonyl ion band at 1716 cm™, - intensity bands at 3057,
1634 and 1450 cm%ere the ¢ noardmatic ring. The presence

of C-O bond and a,f3 :‘“ saturated bond was 1nferred eH the observation of bands at

1311 and 1501 ¢m gf NMR sp ig 26) showed.a pair of doublet at &y
6.47 (J = IS.ETM 'ﬁﬁﬁﬁgﬁﬂﬂﬁtﬁfw-oleﬁnic protons. A
multiplet signagt 8y 7.29-7.57 was®due to ten arematic protons. Adriplet signal at 8y
3.07 @W{I}aﬁa f%i%“[%ﬂl@am p%l;l arascribed to four
protons 3f ethyl groups.

According to this developed methodology, T15 could be achieved in 84 %.
The IR spectrum (Fig 27) showed an ester carbonyl absorption band at 1710 cm™. The
medium intensity bands at 3063, 1629 and 1450 cm™ were the characteristic peaks of
an aromatic ring. The presence of C-O bond and a,f-unsaturated bond was inferred
from the presence of bands at 1301 and 1495 cm™. The 'H-NMR spectrum (Fig 28)
showed a pair of doublet at 8y 6.42 (J = 15.83 Hz), 6.53 (J = 16.02 Hz), 8, 6.75 (J =
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15.83 Hz) and 8y 7.78 (J = 16.02 Hz) of four trans-olefinic protons. A multiplet signal
at 8y 7.29-7.59 was due to ten aromatic protons.

Cholesteryl butyrate (T16) and cholesteryl nonanoate (T17), cholesteryl
esters are widely used for technical applications such as liquid crystal display devices,

. 5 o ¢ s 5 49
ingredient of cosmetics, nutraceuticals and pharmaceutical formulations.*®3

The synthesis,o was previou d by employing the enzymatic

preparation of o:;c,.‘ 7 ff« esters, of cholesterol in
high yield by transeﬁri'l :
temperature using 1mmqblllzed lipase fro Candzda rugosa as the catalyst.”” The

B Tﬂ*{mﬂ‘ ) TNENT

Utilizi s developed methodology, T16 and T17 could be obtained in
78% an]li ‘{EJ showed ester
carbo:iaﬁvtkagdrjlmmﬁ )ﬂgj m group, alkene
and C-O bond were inferred from the notification of bands at 2939, 1475, 1189 and
2930, 1460, 1168 cm™. The 'H-NMR spectrum (Fig 30) of T16 showed a doublet at

ol%erol in vacuo at moderate

811 5.41 of one olefinic proton. A multiplet signal at 8; 4.65 was due to a proton on a
carbon connecting with an ester group. A multiplet at §;; 0.71-2.34 was ascribed to
protons of cholesterol and propyl group. The *C-NMR spectrum (Fig 31) displayed
twenty seven peaks at 8¢ 11.9-73.7, indicated alkyl group of cholesteryl and propyl
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group. The two signals of olefinic carbons was observed at 8¢ 122.6 and 139.7. The
peak at 8¢ 173.2 appropriated for a carbonyl carbon was observed. The 'H-NMR
spectrum (Fig 33) of T17 showed a doublet at 6y 5.40 of one olefinic proton. A
multiplet signal at &y 4.65 was due to a proton of carbon connecting with an ester
group. A multiplet at &y 0.71-2.33 was assigned to protons of cholesterol and octyl
group. The C-NMR spectrum (Fig 34) displayed thirty one peaks at 8¢ 11.9-73.7,
indicating the presence of alkyl group of cholesteryl and octyl group. The two signals

of olefinic carbons at 6¢c 122.6 a 7 were detected. The peak at 8¢ 173.3,

coincided to a carbonyl carb ealed. T17 has not been reported in
literature; thus this compound.is:: _ ound.
The synthesis_g in this research could be

summarized as demon

Table 3.13 The summagZati ‘ d biological active esters

target molecule lit.

benzyl benzoate (T13)* | 85 benzaldehyde

and
sodium benzylate
(90%)%

phenethyl cinna
(T14)*

cinnamoyl cinnamate

cosmetic and drug
L

¢

' '
cholesteryl butyrate cosmetic and | 73 using immobilized

CLAERT i e (Tals) e

cholesteryl nonanoate cosmetic and 79 -

(T17)** pharmaceutical formulation

reaction conditions: carboxylic acid (3 mmol), Cl3CCONH, (6 mmol)
PPh; (6 mmol), CH,Cl; (6 mL), amine (3 mmol)
4-picoline (9 mmol), reflux (38-40 °C).

reaction time: step ] 1 hour, step II 1 hour*

stepl 1 hour, step I 3 hours**
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