CHAPTER 1V

In this researc -propylpentanoyl) urea
derivatives i.e. N-(4- urea, N-(2-propyl-4-
pentenoyl) urea, N-(4-ifle ypenyl)-4-pentenoyl) urea
and N-(2-allyl-4-pen potential

the structures of the final pro Are 0 the acylurea class, it would be

expected to be a pagent ctrum anticdrivdlsants. The aliphatic

\L'

side chain of these r¢omg 4-methyl-2-propyl-4-

pentenoic acid, which i is an anticonvul ant with the the higher margin of

a4 oA DAL i o i

anticonvulsants qfoo The synthetic methods for the target compounds

were des bR B 713 ﬂJVi'TJ ngIag

Diethyl malonate was reacted with n-propyl bromide by the use of
the sodium ethoxide as a base to yield diethyl propylmalonate. Then, it
was alkylated with 3-chloro-2-methyl-1-propene or allylbromide to obtain
diethyl (2-methyl-2-propenyl)propylmalonate or diethyl allyl(propyl)
malonate, repectively. Diethyl di-(2-methyl-2-propenyl)malonate and
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diethyl diallyl malonate were synthesized by using 2-equivalent of the base
and 2-equivalent of suitable alkylhalides, 3-chloro-2-methyl-1-propene or
allyl bromide to react with diethyl malonate. The disubstituted malonic
esters were refluxed with lithium chloride-water-dimethylsulfoxide to give -
the decarbethoxylated products, monoesters. = The monoesters were

!

hydrolyzed in ethanolic potassiur roxide solution to convert to the

corresponding monocarboxy they were heated with thionyl

_which were refluxed with

N-(4-meth

products

A AT B) T e e

The reactant which was an active methylen&compound, gethylmalonate,

vas at e TAATFE 55D VHhIR ) anot by

use sodil?m ethoxide as a base to obtain the product, diethyl propyl

malonate.

This reaction always gives dialkylated product, diethyl
dipropylmalonate, as a by-product. During the alkylation of diethyl
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sodium malonate with n-propyl bromide, the diethyl propylmalonate that is
formed (reaction 2) is in equilibrium with its anion (reaction 3 and 4). The
question, therefore, arises as to why little diakylation (reation 5) is

observed.

= T T
(4) n-CH,C(COGolls)a + CoRSORE
(7 )

P — ]

— C5H,CH(COCoHs), + o
AULINENINYINT
© ARTEE I Ingan

(n-C3H;7),C(CO,C;Hs), +Br
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The IR spectrum of diethyl propylmalonate is shown in figure 10.
Diethyl propylmalonate obtained was confirmed by comparing its IR

spectrum with that authentic compound.

The 500 MHz 'H-NMR spectrum of diethyl propylmalonate is

shown in figure 11. The signaly m (3H, t, J=7.3 Hz) is assigned
s L .éqgnal at 5 1.27 ppm (6L t,

J=7.3 Hz) is assigned as twoanethyl groups (CH;-CH,-O-). The signal at

5 1.36 ppm (2H, m).

) 1S aSSIE amethylene group (CHs-

CH,-CH,-). The sigua@l ). H, t,J=7.3 Hz) is assigned as a

two methylene groups 5-Ch - o ton resonated at the most

downfield because they weré‘adsz
L BN T

it
- s

1.2. Synfhesis of Diethyl | e ropenyl)propylmalonate.

J y
IS C d S isubstituted malonic ester.
The reactmt,%ﬁiﬁﬂﬂfﬁﬂjﬁi with alkylating
agents, -ﬁjﬁﬁﬁﬁﬁﬂﬁ% g,&i]agﬂg of sodium
ethoxide as abaseleading to t oduct. ’ .

The mechanism of alkylation of diethyl propylmalonate
was shown in figure 82 (R= CH,=C(CH;)-CH,-).
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n'C3H7C(C02C2H5)2 T+ CszoH
l RX

CH3CH2CH2\ _COOCH,CH,

n'C3H7CH(COZC2H5)2 =+ Cszo-

+X
COOCH2CH3
Figure 8
In the the introduction of a
primary alkyl group sh pre oduction of a secondary
alkyl groups. If this fion ‘obser ed, the introduction of a
second alkyl group is ofteh wisu '; use of the low acidity of the
intermediate a]kylmalonic este ', " he'sterically hindered nature of the

e,z.-a,mu-—_——kmm"

of alkyl malonic esteB
strong base such as sqdium t-butoxidg jin t-butyl alcohol or the use of

concentrated NAOE f mm&mm solvent. I ths

research, concer?grated sodium ethoxide in ethanol were used:
RN TUARTINETRE

The IR spectrum of diethyl (2-methyl-2-propenyl)propyl

ovﬁcome by the use of a

malonate is shown in figure 14. The C-H stretching of alkene absorbs at
3076 cm™. The peaks in the region of 3000-2840 cm’ represent the
aliphatic C-H stretching vibration. The C=0 absorption bands of esters are
at 1736 and 1732 cm™. The C=C stretching absorbs at 1646 cm™. The
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C(=0)-O stretching vibration appears at 1186 cm’. The C(alkyl)-O
stretching band of ester is at 1028 cm™. The out-of-plane bending of

alkene is shown at 898 cm™.

The 500 MHz 'H-NMR spectrum of diethyl (2-methyl-2-
e 15-17. The signal at 5 0.91
yl group (CH;-CH,-CH;-).

assigned as two methyl
groups (CH;-CH,-0) ant_offc éthylene (CH;-CH»CH,-). The
signal at & 1.66 ppms(3HY ! assig .‘~, N hyl group adjacent to
alkene (CH=C(CHyé. # Uhd signab at\ 8, 1,8431.89 ppm (2H, m) is

‘ \ CH l \ The signal at & 2.70
ppm (2H, s) is assigned' i .',\ o1 adjacent to alkene (CH,=C
(CH;)-CH-). The signal'at §%47 ppim (A1, 2q, J=7.2 Hy) is assigned as
two methylene groups (CE - ‘ -0 : ignal at & 4.72 ppm (1H, s)
and & 4.85 ppm ,ﬁ
(CH=C(CHs-)). m -L JII

1?.1 aﬂs}j n@niﬁwlaglgjpemenoate.
RN IUNANANLIA.

und represents an unsaturated carboxylic ester.

figlene protons of alkene

The decarbalkoxylation of diethyl (2-methyl-2-propenyl)propylmalonate
by heating with LiCl-H,O-DMSO gives monocarboxylic ester, ethyl 4-
methyl -2-propyl-4-pentenoate.
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Several advantages of this procedure include the facts that
functional groups such as ketals, ester or alkene which are sensitives to
acidic or basic conditions survive the reaction and isomerizations of

double bonds do not occur.

The decarbalk of disubstituted malonic ester
ily 1 . 1th sodium chloride, lithium

t effective decarbalkoxy-

' e-water-dimethylsulfoxide

lithium carbonate (legO ) prec1p1tate§ldm‘mg the reaction and exhibits

little effect onﬂ%&l a%a&%glw)ﬂ 'ﬂhﬂr%amder of CO; is

evolved.

QW’]aﬁﬂ‘im UAIINYAY

The decarbalkoxylation mechanism is dependent on
substrate structure. Substituted diethyl malonates exhibit dual pathways in
which disubstituted in diethyl malonates react predominantly via the Ba; 2
route (figure 8) while monosubstituted malonates react predominantly via

the Bac2 route (figure 9) (Krapcho et al., 1978)
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Diethyl (2-methyl-2-propenyl)propylmalonate represents
disubstituted malonic ester which prefers to follow the B2 mechanism

while the Bac2 mechanism is competitive.

The IR spectrum of ethyl 4-methyl-2-propyl-4-pentenoate

w& alkene absorbs at 3076 cm™.

The peaks in the region of ﬁrepresent the aliphatic C-H
stretching vibration. ? 1%& ester is at 1732 cm’

The C=C stretching ak cm. ~wIhe C(=0)-O stretching

vibration appears at Li6 1 he ' (alkyl)-O siretching band of ester is

is shown in figure 18. The C-H

O-) and one methyle@ group (€ 1 ’ae signal at § 1.40-1.45

ppm (1H, m) and 3 1.56-463 as a two protons
of methylene gﬂ mp(EJ m%:ﬁ glﬁ %72 ppm (3H, s) is
assigne miﬁ ?T The signal
at d 2. 14% iqfi mpm ﬁf ﬁa‘ie assigned as
two protons of methylene group which is adjacent to alkene (CH,=C
(CH;)-CH;-). The signal at & 2.53-2.60 ppm (1H, m) is assigned as a

methine proton(-CH-). The signal at & 4.09-4.14 ppm (2H, q, J=7.3 Hz) is
assigned as a methylene group adjacent to oxygen atom (CH;-CH 240-).
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The signal at  4.70 ppm (1H, s) and § 4.74 ppm (1H, s) are assigned as
two methylene protons of alkene (CH,=C(CHj;)-).

1.4. Synthesis of 4-Methyl-2-propyl-4-pentenoic acid.

This compound représents an unsaturated carboxylic acid.

and the alcohol when Ji€aj i aq \ Under alkaline condition,
of course, the carbo agid w . 0 \ s its salt, potassium 4-
methyl-2-propyl-1-pent #4BAgK ‘  ed hydrolysis of esters by
providing the strongly hulic -1 nt ‘OH. This reaction was

essentially irreversible, sificé 4 reson. sstabilized carboxylic anion

showed little tenden T et with the a. J‘

ﬁ th lysis of ester is
described as f%hil Cﬁmjlﬁ‘fﬂﬂ ﬁllﬁdﬁe carbonyl carbon
and dlsqqﬁaitﬁﬁ ﬂ;'m( iﬁﬁ]ﬁfﬁé leavage of
the bond e en acy group, :

Attack by hydroxide ion on carbonyl carbon does not
displace alkoxide ion in one step, but rather in two steps with the

intermediate formation of a tetrahedral compound.
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After the hydrolysis was completed, the ethanol was
evaporated out of the reaction mixture as much as possible. The mixture
was washed with hexane to remove unreacted ester. the aqueous layer
was acidified by addition of 20 % hydrochloric acid to convert the
carboxylate salt into the carboxylic acid. Then, it was separated by

tract was washed with water to

extraction with hexane. The hex

remove trace of hydrochloi ,_, and’ jum chloride that contaminate

H stretching vibrat v—"ZS’"':“* \ﬁ acid is at 1710 cm’,
The C=C stretching aﬁor  at | - Oﬁ bending absorption of
carboxylic acid appearsyat.1422 cm™. The C-O stretching absorbs at 1288

cm’. The ouﬂﬂd&a m&mgi% (&]l-:)} C-H bending of
alkene show the peaks at 942 and'894 cm’!, respectivel
idgiaw

QRIANNIUNNATT

The 500 MHz 'H-NMR spectrum 4-methyl-2-propyl-4-
pentenoic acid is shown in figure 23-25. The signal at § 0.92 ppm (3H, t,
J=1.3 Hz) is assigned as a methyl group (CH;-CH,-CH,-). The signal at &
1.30-1.65 ppm (4H, m) is assigned as two methylene groups (CH;-CH,-
CH;-). The signal at 8 1.73 ppm (3H, s) is assigned as a methyl group
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adjacent to alkene (CH,=C(CH3)-). The signal at § 2.13-2.18 ppm (1H,
m) and & 2.35-2.40 ppm (1H, m) are assigned as two protons of methylene
group adjacent to alkene (=C(CHj3)-CH,-). The signal at § 2.56-2.62 ppm
(1H, m)‘is assigned as a methine proton (-CH-). The signal at § 4.70 ppm
(1H, s) and & 4.74 ppm (1H, s) are assigned as two methylene protons of

alkene (CH,~=C(CHj3)-). %1.1 ppm (1H, s, broad) is
21 :

assigned as a proton of ¢
—
‘_

It “.'{—a@!‘?
basic. On the othexﬂlan
compound, the chemicélsstruture of uréa’ l@iﬂ'}zﬁ:metric primary diamide.

However, ure u&gbﬂﬂnﬁ lﬂgch is attributed to
= WIS Ingnay

The reaction proceeds simple nucleophilic substitution.

POO nucle@hﬂes. Urea is such a

Since potassium carbonate was added to the mixture to neutralize
hydrogen chloride which was evolved in the reaction. Since urea was
slighly soluble in benzene (hetorogeneous), it was used as a powder to

increase the surface area.
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Q Q Q 9
R-C-Cl + NH,~C-NH, — R-C-NH-C-NH, + HCI

2HCl + K,CO; — 2KCl+ H,0 + CO,

The target compot btained in a low yield because
many by products occure e reictla solid product was difficult
— ; —

to crystallize from th ore, the use of column

chromatography wa inal product for this
reaction.

The lyl-2-propyl-4-pentenoyl)
98 cm’ and 3246 cm’!

¢ N-H stretching vibration of

urea is shown in fi
represent the asymmetric ahd _
primary amide, respeoti v Thé ‘st D peak at 3334 cm’!
represents the N-Histretching vibration ¢ ‘ﬁ e C-H stretching of

alkene absorbs at 30& cm’ ion of 3000-2840 cm!

represent the Ef ng peak at 1716
cm’! representﬁﬂ emmmlj\ﬁ de and the strong
peak arqwnrﬁ IT gjnj Ermde ) of
primary amide =C stretching absorbs at cm~. The C-N

bending absorption appears at 1410 cm™.

€ pea smther

The 500 MHz '"H-NMR spectrum N-(4-methyl-2-propyl-4-
pentenoyl) urea is shown in figure 27-29. The signal at § 0.92 ppm (3H, t,
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J=7.3 Hz) is assigned as a methyl group (CH3-CH,-CH,-). The signal at §
1.30-1.50 ppm (4H, m) is assigned as two methylene group (CH;-CH>-
CH;-). The signal at 3 1.73 ppm (3H, s) is assigned as a methyl group
adjacent to alkene (CH,=C(CHj)-). The signal at § 2.10-2.18 ppm (1H,
m) and 6 2.33-2.40 ppm (1H, m) are assigned as two protons of methylene

f/ ,-). The signal at § 2.49-2.54

-). The signal at § 4.72

group adjacent to alkene (CH.
ppm (1H, m) is assigned a -

ppm (1H, s) and 5?
protons of alkene (CH / AT

(1H, s, broad), & 8.3

ed as two methylene
oread peaks at 8 5.16 ppm
| 182 ppm (1H, s, broad)
represent N-H proto ted at the most down

field should be the oton which was most

little different signalsmu to the rotation around tﬂ CO-N bond which is
so slow that th ﬁﬂa o conformers. In
this case, the @ iﬁﬂﬁmﬂ&jﬂioton of primary
amide rr;a\ 33 i Wﬁ 5 16 ppm

and 8.35 ppm. This phenomena ¢ e explained he intramolecular

hydrogen bonding. The N-H proton, which forms the intramolecular
hydrogen bonding, of the primary amide shows the signal at the higher
chemical shift than the others (see figure 83). The detail was described by
Wichan Jawitayanuchit, 1992. |
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CH3—CH2“’—CH2 / \
N \

N
CH2=C_'CH2/ l
| an,

Figure 83. Proposed Sirtucturs

/ 3 Of ( x; methyl-2-propyl-4-
penie o /|-1 v‘s 18

The 50! | ' " NIME s trum of N-(4-methyl-2-
propyl-4¥pentenoy1) urea AS she * ) in ¢ 30. The assignment is also

described in this ﬁgure.

o

Y.
The 5‘:\

A d
‘;’% -2-propyl-4-pentenoyl)

urea is shown in ﬁgure }k This comp(wld 1S conﬁnned by the analysis of

the mass ﬁagﬂ%%l@% WIneIn3
ammnmum'swmaﬂ
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Figure 84. Mass fragmentation of N-(4-methyl-2-propyl-

m/e 111

4-pentenoyl) urea
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2. Synthesis of N-(2-Propyl-4-pentenoyl) urea (CU-763-11-02).
2.1. Synthesis of Diethyl allyl(propyl)malonate.

This compound represents an disubstituted malonic ester.

']t, was alkylated with alkylating

)f sodium ethoxide as a base

The reactant, diethyl propy

agents, allyl bromide, in
leading to the product. ,
7 .

The —alkylatio diethyl propylmalonate

was shown in figure 8

The IR i of :1;__.»' ‘f yl{propyl)malonate is shown
¢l a n“ bsorbs at 3080 cm”. The
peaks in the region of hv 28 ' nh. represent the aliphatic C-H
stretching vibratios: é:;;u*;’iE:;‘;x;:ﬁé;::*r': ----- ~ofiesters are at 1736 and
1732 ecm™. The C & ~seati 0 ﬁ’ cm?. The C(=0)-O
stretching vibration app‘ears at 1196 cm . The C(alkyl)-O stretching band

of ester is at ﬂlulﬂ ?%%}ﬁ@%ﬂ@ﬂ@kem 1s shown at

918 cm™

’QW']&NT]?ELI UANAINYA Y

The 500 MHz '"H-NMR spectrum of diethyl allyl(propyl)
malonate is shown in figure 33-35. The signal at § 0.92 ppm (3H, t, J=7.3
Hz) is assigned as a methyl group (CH;-CH,-CH,-). The signal at 8 1.17-
1.26 ppm (8H, complex) is assigned as two methyl groups (CH;-CH,-O-)
and one methylene group (CH;-CH,-CH,-). The signal at § 1.82-1.87
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ppm (2H, m) is assigned as a methylene group (CH;-CH,-CH>-). The
signal at 8§ 2.63-2.66 ppm (2H, ddt, J=7.3, 1.2 Hz) is assigned as a
methylene group (CH,=CH-CH;-). This signal is downfield because the
methylene group is adjacent to alkene. The signal shown the long lenght
coupling with methylene protons of alkene. The signal at & 4.15-4.20 ppm
(4H, 2q, J=7.2 Hz) is assigned as ethylene groups (CH;-CH,-O-).
The signal at 6 5.05-5.12

igned as methylene protons of

_‘
alkene (CH,=CH-) an laf s @pm (1H, m) is assigned
as methine proton of LA-CHy-)-

N

This co fo resents anumsaturated carboxylic ester.
ally opyl)malonate by heating with

LiCI-H,0-DMSO _gives_nigacéatbo

ethyl 2-propyl-4-pente-

noate.

Diethyl« allyl(propyl)malonate represents disubstituted

malonic ester ﬂluﬁf%ﬂﬂm @M’QMm (figure 8) while
the Bac2 me a;?lism figure 9) is'competitives o/
ST N4

The IR spectrum of ethyl 2-propyl-4-pentenoate is shown

in figure 36. The C-H stretching of alkene absorbs at 3080 cm”. The

peaks in the region of 3000-2840 cm™ represent the aliphatic C-H

stretching vibration. The C=0O absorption bands of ester is at 1732 cm™.
The C=C stretching absorbs at 1642 c¢cm”. The C(=0)-O stretching
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vibration appears at 1178 cm™. The C(alkyl)-O stretching band of ester is
at 1032 cm™. The out-of-plane bending C-H of alkene show at 916 cm’"

The 500 MHz 'H-NMR spectrum ethyl 2-propyl-4-
pentenoate is shown in figure 37-39. The signal at § 0.90 ppm (3H, t,

ppm (1H, m) and & 1.54 \\\ signed as a two protons
of methylene group ‘ / bat 6 2.19-2.25 ppm (1H,
m) and & 2.32-2.39 ppt @H * o0 protons of methylene
: ). The signal at & 2.40-
: égﬁg{ ; _

2.46 ppm (1H, m) is asSig dm ‘ oton (-CH-). The signal at &
4.11-4.16 ppm (2H, q, —"' igned as a methylene group
: T T

adjacent to oxygen atom«(CH3-CH<O-)." gnal-at 6 4.98-5.05 ppm (2
H, s) is assigned a §_ ' ) '_ 1,=CH-CH,-) and the

signal at § 5.70-5. 7@ ppm (1H,

eI InenIneng
aﬁﬁa"ﬁﬁﬁfﬂw%wmaﬂ

This compound represents an unsaturated carboxylic acid.

group which is adjace

are assignm as methine proton of

The reactant, ethyl 2-propyl-4-pentenoate, was refluxed in the aqueous

potassium hydroxide-alcoholic solution.
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The IR spectrum of 2-propyl-4-pentenoic acid is shown in
figure 40. Absorption arising from hydrogen bonded, O-H stretching
occurs in the region of 3300-2500 cm™. The characteristic of peak is
broad and strong. The C-H stretching of alkene absorbs at 3080 cm.
The peaks in the region of 3000-2840 cm™ represent the aliphatic C-H

stretching vibration. The C=0, : w band of acid is at 1708 c¢m

The C=C stretching absorbs a ﬁe O-H bending absorption of
.—J

carboxylic acid appearw cm‘;' @ tretching absorbs at 1280

assigned as two prot@s of m ad jacﬁnt to alkene (CH,=CH-

CH>-). The signal at & 2:43-2. SOﬁnt.(lH m) is asggned as a methine

proton (-CH-) uﬂg ﬂ @M’]n 5.09 ppm (1H, dt)

R St e Ao T

(CH,=CH-CH,-) The signal at § 10.92 ppm (1H, s, broad) is assigned as
a proton of carboxylic acid (-COOH).
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2.4. N-(2-Propyl-4-pentenoyl) urea.
This compound represents monoureide analog or acylurea

derivative. The synthesis of this compound was accomplished by the

reaction of 2-propyl-4-pentenoyl chloride and urea in dry benzene with the

shown in figure 44. The, \ , 40 cm™! represent the

present of potassium carbonate

of primary amide,

aliC
\ |

)

represents the N-H

stretching vibration of i o of alkene absorbs at
3084 cm™. The peaké '
aliphatic C-H stretching vibfation:The stror
C=0 stretching vibration ,.»?;_“ &
cm represents C=0 py*",- b ioi-tanae--or primary amide. The
N-H stretching absor

A of 3000-2840 cm’! represent the

¢ strongpeak at 1702 cm™' represents

nd the strong peak at 1688

m bending absorption
appears at 1390 cm’

ﬂuQQWEWSWHWﬂi

The 500 MHz 'HéNMR s 2-propyl-4-pente-
o AR BAW AT 1B Ehr .«
J=73 Hz) is a551g11ed as a methyl group (CH;-CH,-CH,-). The signal at §
1.27-1.68 ppm (4H, m) is assigned as two methylene group (CH;-CH,-
CHj-). The signal at § 2.20-2.28 ppm (1H, m) and & 2.33-2.41 ppm (1H,
m) is assigned as one proton of methylene group adjacent to alkene

(CH,=CH-CH,-). Another proton shows the signal which combined to the



168

signal of methine proton at & 2.33-2.41 ppm (2H, m, -CH-). The signal at
6 5.02-5.11 ppm (2H, complex) is assigned as two methylene protons of
alkene (CH,~=CH-CH,-). The signal at § 5.69-5.78 ppm (1H, m) is
assigned as methine proton of alkene (CH,=CH-CH,-). The three broad
0 8.34 ppm (1H, s, broad), and 8 9.17
ppm (1H, s, broad) represen | 3t _The peak at 9.17 ppm located
at the most down field.s ‘ ﬁr

oton of imide NH proton

peaks at & 5.45 ppm (1H, s, broad

which was most deshiglded By-the tivo ¢: w\ oups. The signal at 8.34
and 5.45 ppm represefit the' NE oton \. ~ 7 amide.

c m of N-(2-propyl-4-
pentenoyl) urea is sho% 4 ment 1s also described in

this figure.

opyl-4-pentenoyl) urea is
shown in figure 49 V ¢ y the analysis of the

mass fragmentation (me figure &

ﬂUU?ﬂEWlﬁWEJWﬂ‘ﬁ
QW’]NﬂiﬂJ UA1AINYAY
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m/e 169 -——Dz- m/e 155

- CH3 T / C2Hs
;i

m/e 125

ﬂﬂﬂ?ﬂﬂﬂiﬂﬂﬂﬂi

f@mmn;@ummm;}y

m/e 96
m/e 97

m/e 142

Figure 85. Mass fragmentati‘on of N-(2-propyl-4-

pentenoyl) urea

169
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3.. N-(4-Methyl-2-(2'-methyl-2’-propenyl)-4-pentenoyl) urea.
(CU-763-11-03)

3.1. Diethyl di-(2-methyl-2-propenyl)malonate.

an disubstituted malonic ester.
The reactant, diethyl ated with 2-equivalent of
alkylating agents, 3-chloro-2 -ii ethanol by the use of 2-
equivalent of sodium g o idE s 4 base leaduigto.the product.

The di-(2-methyl-2-propenyl)

malonate is shown inr fig ning of alkene absorbs at
3070 cm™. The peaks 00:2840 cm™ represent the
aliphatic C-H stretching _f absorption bands of esters are
at 1736 and 1732 cm Tw@w&’c stretehing absorbs at 1644 cm™. The
C(=0)-O stretchi : |
stretching band of eger 1S @
alkene is shown at 896 €m.

| ﬂumwsmwmm
YK v 1 i) L1

(6H, t, J=7.3 Hz) 1s assigned as two methyl groups (CH;-CH,-O-). The

g ﬁ_\t-of-plane bending of

signal at & 1.69 ppm (6H, t, J=0.7 Hz) is assigned as two methyl groups
adjacent to alkene (CH,=C(CH3)-). The signal at & 2.74 ppm (4H, d,
J=0.9 Hz) 1s assigned as two methylene groups adjacent to alkene (CH,=C
(CH;)-CH,-). The signal at 8 4.14-4.19 ppm (4H, 2q, J=7.3 Hz) is
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assigned as two methylene groups (CH3-CH-O-) adjacent to oxygen atom.
The signal at § 4.74 ppm (2H, s) and & 4.85 ppm (2H, s) are assigned as
two methylene groups of alkene (CH,=C(CH3)-CH,-). The signal splits
with a little J-value due to the long lenght coupling.

3.2. Ethyl 4-meth

yl-2 ’ 1-2’-propenyl)-4-pentenoate.
/7//

The decarbalkoxylatigi iethy \\ -2-propenyl)malonate by
) boxylic ester, ethyl 4-

Diethyl )-propenyl)imalonate represents disub-
stituted malonic ester which/prefers to- v the Ba 2 mechanism (figure
8) while the Bac2 mechanistr apetitive.

7 i
| @nethyl-Z-(T-methyl-Z’-

The m{ Sp

propenyl)- 4-peﬁenoatef is» shown in gu'e 53. The C-H stretclﬁng of

alkene absorb tu)g ,lel'ﬁjen w !Elrl@ i)f 3000-2840 cm™

bands ﬁs eri El: 1650 cm™.
The C(=0)-O stretching vibration appears at 1174 cm 1. The C(alkyl)-O

stretching band of ester is at 1032 cm™. The out-of-plane o8 bending of
alkene show at 894 cm’.



172

The 500 MHz 'H NMR spectrum ethyl 4-methyl-2-(2’-
methyl-2'-propenyl)-4-pentenoate is shown in figure 54-56. The signal at
& 1.23 ppm (3H, t, J=7.3 Hz) is assigned as a methyl group (CH;-CH,-0O).
The signal at 8 1.73 ppm (6H, s) is assigned as two methyl groups
adjacent to alkene (CH,=C(CH3)-). The 51gnal at 6 2.12-2.17 ppm (2H, 2
' , 2d, J=9.2, 9.2 Hz) are
ene(CH2=C(CH3)-CH ).

assigned as two methyle
The signal at & 2.74-
(-CH-). The signal a
methylene group adjacenf to 9x¥g “atom. ( \\
4.73 ppm (2H, s) an€ | «\\

ogned as a methine proton
0 3 Hz) is assigned as a

~O). The signal at §

sned as two methylene

3.3. 4-Methyl- 2!.»*; _ ropenyl)-4-pentenoic acid.

I
The reactant, ethyl 4- ethyl 2- (2'—methyl -2'-prope

e SR AT
27 TR ARSI o+

penten01c acid is shown in figure 57. Absorption arising from hydrogen

hyl)-4-pentenoate , was

bonded, O-H stretching occurs in the region of 3300-2500 cm?. The
characteristic of peak is broad and strong. The C-H stretching of alkene
absorbs at 3076 cm!. The peaks in the region of 3000-2840 cm’!
represent the aliphatic C-H stretching vibration. The C=O absorption band
of acid is at 1712 cm™. The C=C stretching absorbs at 1652 cm™. The C-
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O stretching absorbs at 1290 cm™. The out-of-plane O-H bending and
out-of-plane C-H bending of alkene show the peaks at 942 and 894 cm’,

respectively.

The 500 MHz 'H-NMR spectrum 4-methyl-2-(2’-methyl-2’-
propenyl)-4-pentenoic acid is showar j e 58-59. The signal at 5 1.74
ppm (6H, s) is assigned 2 ‘ % adjacent to alkene (CH,=C
(CH;3)-). The signal 2d, J=6.1, 5.8 Hz) and &
2.33-2.38 ppm (2H,

gned as two of methylene
group adjacent to al :
ppm (1H, m) is assi e . ‘l ' ‘ \ ). The signal at 5 4.75
ppm (2H, s) and § 4. (2FL; 5) are assigned’as two methylene groups

Thismompé.tmd represents mono;@eide analog or acylurea
derivative. wfmomphshed by the
reaction of 4-@%? me’gyll-Z -prope‘f;I -pentenoyl chloride and
s QRO T N TNV i

The IR spectrum N-(4-methyl-2-(2’-methyl-2’-propenyl)-4-
pentenoyl) urea is shown in figure 60. The peaks at 3396 cm™ and 3250
cm’ represent the asymmetric and symmetric N-H stretching vibration of
primary amide, respectively. The strong sharp peak at 3336 cm’
represents the N-H stretching vibration of imide. The C-H stretching of
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alkene absorbs at 3084 and 2976 cm™. The peaks in the region of 3000-
2840 cm™ represent the aliphatic C-H stretching vibration. The strong
peak at 1708 cm™ represents C=0 stretching vibration (amide I) of imide
and the strong peak at 1678 cm™ represents C=O stretching vibration
(amide I) of primary amide. The? C=C stretching absorbs at 1620 cm™.

The C-N bending absorp@#f/}m cm™.
P,
- l‘ T———

— . .
The 50 -NMR-.N-(4-methyl-2-(2’-methyl-2’-

propenyl)-4-penteno Ay figire O 52. The signal at 5 1.74
ppm (6H, s) is assi ' ___" hyl grot )8 @ ljacent to alkene (CH,=C
(CH3)-). The sign f14.079 Pom\ (2H2d) J=5.5, 5.8 Hz) and 5
2.33-2.38 ppm (2H, 2,89 Hg) afe assigned as two methylene

ClCIE he signal at § 2.65-2.72
ppm (1H, m) is assigned as 4 methine proton (-CH-). The signal at 8 4.74
o 148 .53 Hz) are assigned

as two methylene gfour ." The three broad

peaks at 8 5.27 ppm QH, s, broad), 0 8.27 ppm (1], s, broad), and § 8.93
¢ o
s

ppm (1H, s, b on %rlpleﬁ 8.93 ppm located
at the most dﬁn 1??‘;!1’;;% proton o?imide NH proton
R LA L Lt i

and 5.27 ppm represent the NH protons of primary amide.

The 500 MHz “C-NMR spectrum N-(4-methyl-2-(2'-
methyl-2'-propenyl)-4-pentenoyl) urea is shown in figure 63. The

assignment is also described in this figure.



Li3

The EIMS spectrum  N-(4-methyl-2-(2'-methyl-2'-
propenyl)-4-pentenoyl) urea is shown in figure 64. This compound is

confirmed by the analysis of the mass fragmentation (see figure 86).

AULINENINYINT
ARIANTAUUNINGA Y
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%C'—‘—""NHZ
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Figure 86. Mass fragmentation N-(4-methyl-2-(2’-methyl-2'-
propenyl)-4-pentenoyl) urea.
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4. N-(2-Allyl-4-pentenoyl) urea (CU-763-11-04).
4.1. Diethyl diallylmalonate.

This compound represents an disubstituted malonic ester.

The reactant, diethyl malonats alkylated with 2-equivalent of
alkylating agents, allyl b -\ 1 the use of 2-equivalent of

alonate is shown in
i _ 3080 cm™. The peaks
in the region of 300 : \ iphatic C-H stretching
vibration. The C=0 ab f € are at 1736 and 1732 cm™.
The C=C stretching absorls-at. 164 The C(=0)-O stretching

The

vibration appears at 1196 IS g, s O _7 O stretchmg band of ester is

at 1036 cm™. The "E" & DENAIIE Of AIKEIIE -\ *. own at 920 c¢cm’!
The 500.,MHz 'H-NMR spectrum of diethyl diallyl

malonate 1is slﬂwul%dga %&hm mnﬁla%ﬂzgppm (6H,t, J=7.3
Hz) is ass d as two_methyl “grou -O)] The signal at &
oo B ABNE] LW ST AR e
groups adjacent to alkene (CH,=CH-CH,-). The signal shown the long
lenght coupling with methylene protons of alkene. The signal at & 4.16-

421 ppm (4H, 2q, J=7.2 Hz) is assigned as two methylene groups (CHjs-
CH>-O-). The signal at & 5.08-5.14 ppm (4H, m) is assigned as two
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methylene groups of alkene (CH,=CH-). The signal at & 5.60-5.71 ppm (2
H, m) is assigned as two methine groups of alkene (CH,=CH-CH,-).

4.2. Ethyl-2-allyl-4-pentenoate.

' ' msaturated c.arboxylic ester.
The decarbalkoxylation ,o"’"*kzﬂ“f &mate by heating with LiCl-

—

all 1-4-pentenoate is shown in
figure 69. The C-H strete 2 kene" BSorbs at 3080 cm. The peaks
) fiphatic C-H stretching
er is at 1734 em'. The C=C

in the region of 3
vibration. The C=0 @

stretching . absorbs at @642 cm™. The C(=0)-O stretching vibration
appears at 11%0141 EITQ uﬂf%‘itﬂﬂ;‘ﬁbﬂﬁf ester is at 1036
= T TR

The 500 MHz 'H-NMR spectrum of ethyl 2-allyl-4-
pentenoate is shown in figure 70-72. The signal at § 1.24 ppm (3H, t,
J=7.3 Hz) is assigned as a methyl group (CH;-CH,-O-). The signal at &
2.22-2.29 ppm (2H, m) and § 2.33-2.41 ppm (2H, m) are assigned as two
methylene groups adjacent to alkene (CH,=CH-CH-). The signal at &
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2.48-2.54 ppm (1H, m) is assigned as a methine proton (-CH-). The signal
at 5 4.11-4.16 ppm (2H, q, J=7.3 Hz) is assigned as a methylene group
adjacent to oxygen atom (CH3;-CH>-O-). The signal at § 5.01-5.09 ppm
(4H, complex) is assigned as two methylene groups of alkene (CH,=CH-).
The signal at & 5.70-5.79 ppm (2H, m) are assigned as two methine

rated carboxylic acid.

The reactant, ethyl yate, uxed in the aqueous

entenoic acid is shown in

ﬁgure 13, Absoqgon arisirig iydrogen bonded, O-H stretching

| hafacteristic of peak is
broad and strong. '@e mng ot a enﬂabsorbs at 3080 cm™.
The peaks m'q a-f 3000-2840u¢m’”! regj ﬁthe aliphatic C-H

stretching vib %3@ &lupﬁom;li is at 1712 cm™.
o A R T
1282 cm,,I t- lﬂ 1 e peaks at
894 cm™, respectively.

The 500 MHz 'H-NMR spectrum 2-allyl-4-pentenoic acid is
shown in figure 74-75. The signal at § 2.26-2.33 ppm (2H, m) and § 2.36-
2.44 ppm (2H, m) are assigned as two methylene groups adjacent to
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alkene (CH,=CH-CH,-). The signal at 6 2.52-2.59 ppm (1H, m) is
assigned as a methine proton (-CH-). The signal at § 5.05-5.12 ppm (4H,
complex) is assigned as two methylene groups of alkene (CH,=CH-). The
signal at 8 5.73-5.82 ppm (2H, m) is assigned as two methine protons of
alkene (CH,=CH-CH,-).

ide analog or acylurea
derivative. The s accomplished by the
reaction of 2-allyl- n dry benzene with the

present of potassium

E -4-pentenoyl) urea is shown
in figure 76. TIES 78 cm * and. 3218 cm™ represent the
'7 ation of primary amide,
30 E}l‘l represents the N-H

respectively. The Eong sharp pea
stretching vibrati inide. The CSH stretching of alkene absorbs at
3078 cm™. aeﬂﬂiﬁﬁﬂ 5%‘3&5]2@0‘1m1 represent the
aliphati ;&[ hi ﬁ;&@*{g j. : g’ ! represents
C=0 satccﬂ]g aﬁ ( n'n ﬂmm)jr ﬁeak at 1687
cm’ represents C=0 stretching vibration (amide I) of primary amide. The
C=C stretching absorbs at 1640 cm™. The N-H bending absorbs at 1592

cm™. The C-N bending absorption appears at 1400 cm™.



181

The 500 MHz 'H-NMR spectrum N-(2-allyl-4-pentenoyl)
urea is shown in figure 77-79. The signal at § 2.24-2.34 ppm (2H, m) and
d 2.36-2.46 ppm (3H, complex) are .assigned as two methylene groups
adjacent to alkene (CH,=CH-CH,-) and one methine proton (-CH-). The

signal at 8 5.06-5.12 ppm (4H, complex) is assigned as two methylene

at 6 5.70-5.79 ppm (2H, m) is

H,=CH-CH,-) . The three
— ‘

O

assigned as two methi
broad peaks at § 5.3 8:27,ppm (1H, s, broad), and
S 8.92 ppm (1H, s, 1 [ 18 The peak at 8.92 ppm

located at the most” “shi u \\\\

,

1.0M the
DIO

proton of imide NH
onyl groups. The signal

proton which was

s Wi

at 8.27 and 5.38 pp nt tHe NE \\ primary amide.

The 500 M C-NMR spectrum of N-(2-allyl-4-

pentenoyl) urea is shoyain fi ignment is also described in
this figure. Vo N

y 2
BN 1) 124171011 Nl
" R INYa Y
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+
\ 0 0
- = 0.
Ow=C - O -
. H : H\_~NH,
I m/e 182 l - NH3
.
()=C=+N}Iz =0
m/e 44
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Figure 87. Mass fragmentation N-(2-allyl-4-pentenoyl) urea
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