CHAPTER III

RESULT AND DISCUSSION
A. Amino silicone
3.1 Grafting of 4-methoxycinnamic acid on [N-(2-aminoethyl)-2-amino-2-methylethyl]
(methyl) siloxane; DC 8220

When 1.78 g (0.01 mol) 4-methoxycinpamic acid were refluxed with 1.77 g (0.015 mol)

distilled thionyl chloride at 110°c fo \\:‘ nin /\ _formation of 4-methoxycinnamoyl
chloride was detected by TLC (the spotef acid chlo@y a little upper than that of acid

but still can be detectable). When addiagabout 1; innamoyl chloride into 15.0 g

amino silicone DC 8220 at roou bery material was observed. The

amounts of this white rubber hoxycinnamoyl chloride were

added into the reaction mixture mpared to number of amino

groups of the starting material) of as used, although clear yellow

liquid product was obtained, NMRa ﬁ-- ~ \ etectable grafted chromophores.

ly g‘rm goups this may cause a problem in

Since amino silicone DC 8220 has

analysis, we, therefore, decided to use ‘¥ wife s more primary amino moieties on the

siloxane chain. 77377, 7

3.2 Grafting of 4-methoxycinnz mic acid on {6-7% aminopropy. imetiyisiloxane)-
dimethylsiloxane copo ‘ er; A

3.2.1 Acid Chloride M ethod
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formatlon of white rubbery solid could be seen. This white rubbery solid increased as
amount of added 4-meyhoxycinnamoyl chloride increased. The reaction seemed to be too
vigorous since crosslinking and formation of the solid occurred quickly. We, therefore,

decided to switch into a milder method.
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322 N,N'-Dicyclohexylcarbodiimide (DCC) Coupling Method

When (0.78 g, 4.38x10"mol) 4-methoxy cinnamic acid were mixed with 5.0 g
AS in the presence of DCC (0.90 g, 4.38x10'3mol) and 20 ml dichloromethane, after
stirring for 24 hours at room temperature, white precipitate was observed. Attempts were
made in order to separate the white precipitate (N,N’-dicyclohexylurea) out from

example. Filtering and washing with methanol followed by passing (the evaporized

product) through sephadex LH-20 coll (using dichloromethane as mobile phase) was
performed. The DCU was still ‘
20. We, therefore, decide t ‘ with less trouble by product.
3.2.3 1-(3-Dimethylami ochloride (EDCI)
Coupling Method

In this reactio ivalent) 4-methoxycinnamic
acid on 15.0 g (1.0 mo i ¢ ¢ ."' 3 AR e nan ic acid and amino groups
on AS) AS was don€ wi 1.5 fmol\equiivalent) e coupling agent, EDCI. The
d'the resulting reaction mixture
was a pale yellow sol Ricd ami ._ age between 4-methoxycinnamic
acid and AS was confirm y" TW’ ification of N-ethyl-N,-[3-(N’ i
dimethyl)ethyl]urea (by prody .%sk dor extraction with 3X100 ml 5%
hydrochloric sol -'- he .t.‘..._.-,-..._., -------------- ct WS haracterized by 'H, O
NMR and IR. From"™NMR ¢ ” \ uded that the product was
[3-(p-methoxycinna

nid o)propyl](methyl)—dimethylsiloxan copolymer; G-AS.

Integration ﬁ lﬁﬁ ﬁ ﬂ ﬁ Wﬁﬁ ﬂ ic acid residues on
the polymer ¢ a1 ulation lght of the product
was obtamed by gel permeation chx‘mato% 'z]t ique (see secti i] was 5,000-

o« WIANTI U YA

Experiments were done to obtain UV absorption properties (}\. , €) of this
product. As shown in Figure 3.1, [3-(p-methoxycinnamido)propyl](methyl)-
dimethylsiloxane copolymer; G-AS has one absorption band; 7\,“ of 288 nm (€ =
20.6255 AU Lg") in hexane which correspond to the UVB region. This is correspond to
the absorption profile of the 4-methoxycinnamoyl moiety. The value of € also

correspond to the fact that there was about 6-7% (by mole) substitution of 4-
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methoxycinnamoyl group on AS (see Appendix A for calculation).
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3.3 Grafting of 10% 2-pro

The reaction of 1.5 cinnamate with 4.6 g (2 x
10"’mol) MHS‘was carried 2 g Pt on charcoal (contain
3.5x10° mol of Pt) as catalyst & , the reaction, the reaction mixture was
d subjected to 'H-NMR analysis
using CDCl, as NMR solvent. The ,;.; co-of ic proton of the propylenic moiety at
6.04-5.88 ppm (m, 1H, CH,=CHCH -R 25 ¢ pm (q, 2H, CH,=CH-CH,-R) indicated
the completeness of hydrosilylatiof o ‘ eifeidan amgdte on MES (see Appendix

B). After all the 2-propyle \c4-methoxy

¢h usually took about 48 hrs,
excess amounts of freshly distilled octene g0 v werﬂddcd and the reaction was
kept stirring at the same temperQuECompletion of lugrosilylation was checked by withdrawing

. 2L CHIZEE .

solvent. The dlsappe ce of proton at 0.00 ppm (s, 1H, Sx-H) indicated that Wc was no Si-H
T S A Y BT B e
B). After thisgthe reaction was stopped by removing the heat and filtering out the catalyst. After
evaporizing out the left over octene and toluene, yellow viscous liquid product was obtained. The
product’s structure was well characterized using various spectroscopic techniques including lH,

”C, Si-NMR and IR spectroscopy (see section 3.6). It can be concluded that the product was

% :
M.W. of MHS is 2280.5. Its molecular formula is (CH,),SiO[SiH(CH,)O],,Si(CH,),. The 4.6 g of MHS contain 35 mol
equivalent of Si-H funtional groups.
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poly[(methyl)(octyl)(methyl)(propyl-4-methoxycinnamatesiloxane]; G-MHS. The molecular
weight of the product obtained by gel permeation chromatography technique (see section 3.6) was
6,000-7,000. This number agrees with the calculation of 10% 2-propylene-4-methoxy cinnamate
and 90% octyl groups on siloxane chains. The reasons that octyl groups were put onto silicone is
1). to make a more hydrophobic environment around cinnamate moieties in order to promote
more E—conﬂguration.34 2). to prevent close encounter between two cinnamate groups which may

lead to photocyclization.

Experiments were done to obtai roperties (lmax, €) of this G-MHS

product. As shown in Figure 3.2, p -methoxycinnamatesiloxane] has

one absorption band; Amax of

Wane which corresponds to the
UVB region. / -
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Figure 3.2 GV, 6 g/ G-MH e (4) and n-butanol (b).

-25% grafting & 4. “-’
This gmﬁinmeaction vas done using the same ﬂxdition as in 10% grafting
reaction. The reaction Was-also monitored similarly. After evaporizing solvent and the

emsining ofSSof ok i iy Wbk et e o

was kept in tlﬂlight-proof container uinder N,. It wagbserved that as @product started

to Ql Wﬁ]\'ﬁs@' ﬂﬁeﬂﬂ"%’j % iq 61}1%5&{;]0@1 Ei].hin about 1
hour &fter cooling. At last, all of the products transformed into a non-soluble pale yellow

gel.
-50% grafting

This grafting reaction was done as previously described for 10% grafting. The
reaction was also monitored similarly. After evaporizing solvent and the remaining

octene by rotary evaporation, the product started to gel immediately. At last, all of the

products transformed into non-soluble yellow gel.
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3.4 Photostability Test
3.4.1 G-AS
G-AS, OMC+AS and OMC were subjected to photostability test in hexane and
n-butanol. The tests were done at two different concentrations. Figure 3.3 and 3.4 shows
the photo-equilibrium of G-AS in hexane and n-butanol respectively.
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Figure 3.3 Photo-equilibrium of G-AS in hexane;
A) @ G-AS 0.1 g/L (7.8X 10 mol of chromophore/L),Jlij OMC+AS 0.1 g/L (8.6X10°M OMC),
@ OMC+dimethicone 0.1 g/L (8.6X10°M OMC) , 4 OMC 6.9X10° M
B) ’G-AS 0.04g/L (3.1X10°mol of chromophore /L), BlOMC+AS 0.05 gL (3.9X10°M

OMC), @ OMC+dimethicone 0.05 g/L (3.9X10°M OMC), 4OMC 2.81X0°M
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Flgure 3.4 Photo-equilfbrium of G-ASAm
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.OMC+d1methlcone 0.11 g/L (8.6X10 ‘M OMC), AOMC 6. 9X10° M

B) ‘G-AS 0.04g/L (3.1X10 *mol of chromophore /L), BOoMC+AS 0.05 g/L (3.9X 10°M

OMC), @ OMC+dimethicone 0.05 g/L (3.9X10°M OMC), 4OMC 2.81X0°M
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From Figure. 3.3 and 3.4, it can be shown that the product G-AS was more photostable
than free OMC. The reason on this may due to the clustering of hydrophobic silicone around the
grafted chromophore. However, this G-AS product was less stable than OMC+AS. The reason
that OMC+AS was more stable than G-AS may stem from possible hydrogen bonding between
primary amino groups of the amino silicone AS and oxygen at carbonyl groups of the OMC

molecules (Figure. 3.5) hence hinder the configurational change and stabilize the clustering of

silicone around the chromophore.

Figure 3.5 The Wydrogen bondin \&'ASS and OMC
The photostability of a‘.l ‘g‘e four cases ((‘Eﬁs, OMC+AS, OMC+dimethicone, free

0 i AT T e o

more photostability ifjlhexane than in butanol This result agrees with prevnous study which

R AT INSTA

3.4.2 G-MHS

G-MHS and OMC were subjected to the similar photostability test in both
hexane and n-butanol. The tests were done at two different concentrations. Figure 3.6 and

3.7 show the photo-equilibrium of G-MHS in hexane and n-butanol respectively.
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A)@® G-MHS 0.6 g/L (2.9X10 'mol of chromophore/L), BlOMC 1.0X10*M
B)® G-MHS 0.2 /L (9.6X10°mol of chromophore/L), WOMC 2.8X10°M
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Figure 3.7 Photo-equilibrium of G-MHS in n-butanol;
A) @ G-MHS 0.6 g/L (2.9X10"mol of chromophore/L), BOMC 1.0X10*M

B) ® G-Mus 0.2 g/L (9.6X 10 mol of chromophore/L), ggOMC 2.8X 10°M

From Figure. 3.6 and 3.7, it can be seen that G-MHS product was more photostable than
OMC. The reason on this may due to the clustering of hydrophobic silicone around the grafted

chromophore. Both G-MHS and OMC were also more photostable in hexane than in n-butanol.



33

3.5 Skin absorption test

This study was done in order to compare the degree of absorption through human skin
among grafted products, free OMC and free OMC mixed with silicone. The tests were done on 5
volunteers by applying exact amount of test sample on the upper arm skin. After 5 hours the
sample was recovered by whipping with cotton pad moisted with hexane. When all amounts of

samples were completely recovered, the cotton pads were soaked in hexane for 24 hours. After

hexane was removed by rotary evaporation, samples were dissolved in CDCI, spiked with known

amounts of acetone (CDCl,:acetone = cetone was used as internal standard

d /Ai)f our samples. Integration of
ed a kf%lculation.

no! »‘?}1‘.& ""4._ as fO”OW;

because it gives '"H-NMR peak W
CH,C=0OCH, protons at 2.1 pp
The calculation of percent recov.

RS ample at 7.38-7.36 ppm”

sprotons at 2.1 m
N pPp

TS le at 7.38-7.36 ppm”

. protons at 2.1 ppm

RS is an amount of recovered samp ) acet mal standard.

TS is an amount of total sample applieg g’a‘é'« to acetone internal standard.

e B INUNTHEIN
7.38-7.36F ':'“r: iﬁ%ﬁﬁ’iﬁ@ ﬁn’s]aal %ménjd ﬁr-ﬁéilof sample at

Total sample
integration of 'H-NMR peak at 2.1ppm (from acetone internal standard) = 1.9

integration of '"H-NMR peak at 7.38-7.36 ppm (from 4-methoxy cinnamate) = 0.9
amounts of sample used = 0.9/1.9 = 0.4737

* From NMR spectrum of sample recovered from skin after 5 hours application.

* From NMR spectrum of total sample (same amount as I but no application on skin).
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esti 1
integration of '"H-NMR peak at 2.1ppm (from acetone internal standard) = 1.2
integration of '"H-NMR peak at 7.38-7.36 ppm (from 4-methoxy cinnamate) = 0.3
amounts of sample recovered = 0.3/1.2 = 0.25

Percent of recovery = (RS/TS) X 100 = (0.25/0.4737) x 100 =52.78%

v

- T ~ Ill""-l"llIl'Ill"ll‘l'll
1S W & : 0.7/ . \t:\ 25 20 15 10 05 00
\ tion test
the ] \

Table 3.1 and 3.2 su ts of skin absorption tests on §

volunteers.

Table 3.1 Results of skin absorption 80 5 volu

Volunteeis v ‘ j‘_ ecovery
. : £ AS
1 rﬂ‘- 96.44
2
3
4 & an
— P T
. ¢ P8 o/
o RIRATR AR 1A Y
: :
Volunteers percents recovery
OMC OMC+dimethicone | G-MHS | dimethicone
1 56.46 69.17 86.48 97.98
2 58.23 . 72.46 89.80
3 57.78 7177 87.39
4 57.99 71.89 88.54
S 57.85 71.29 88.92
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Absorption tests of both G-AS and G-MHS gave similar results. All results on
volunteers showed moderate lost of free OMC, (only about 54% OMC was recovered)
presumably absorbed through skin. While mixing of free OMC with amino silicone AS reduce
lost of OMC from about 46% to about 26%. Grafting of 4-methoxycinnamic acid on amino
silicone AS further reduce lost to about 7%. This partially supports the fact that silicone polymer

cannot penetrate skin easily, therefore covalently linked the cinnamate groups on silicone could

7//
a&mmophore should applicable to

s possible to make polysiloxane with

render the cinnamate with silicone to stay on n surface. The same explanation can also be

applied with the results from G-MHS t

From the above results, t '
others polymer and silicones with
both pendant UV abscrptive S e actional .groups thus UV absorptive
silicone with more appealin ‘ » ‘
permeation problem of suns

chromophore onto appropriate p

The structure of all grafted produtts were we: ized using various spectroscopic

techniques including lH, 13»C-NMR R-atd GPC meation chiomatography). ®Si-NMR was

3.6.1 Infrared spectrd ‘

B 4 i _ eristic of common
functionalﬂmsﬂ: 4 mmﬂ:l rations of amine and amide
are represented at.3270 e )ffl-i tchi fm' ﬁ! n at 3067
cnﬁq ﬁ:ﬁﬁﬁbﬁii ﬂﬁ?l- E]?:Tl X -E tretching of

aliphatic hydrocarbons. The C=O stretching vibration of the amide is at 1660 cm . The

C=C (next to aromatic ring) stretching vibration at 1552 cm’' and C=C ring stretching at

1600-1400 cm’" are also detected. The C-N stretching vibrations are shown at 1265 cm’.
In the case of G-MHS, C=0 stretching vibrations were detected at 1717 cm’.

The C=C (next to aromatic ring) and C=C ring stretching were detected at 1600-1465

-1
cm .
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3.6.2 NMR spectroscopy
'H-NMR

For NMR spectroscopy, CDCI, was used as solvents for all compounds. The 'H-
NMR spectrum of G-AS shows two doublet signals with each of 1H integration at 7.488-
7.527 and 6.163-6.202 ppm (J=16.00 Hz) which correspond to Ar-CH=CH-COONHR
and Ar-CH=CH-COONHR respectively. The coupling constant absolutely indicates

trans-geometry in the molecule. t were detected at 7.363-7.382 ppm

correspond to Ar-H at C-2 2 2 ppm correspond to Ar-H at C-3

and C-5 (J=8.00 Hz). Signa , re assigned for amine (RN-H)
- .

and methoxy protons :a display signal at 0.016 ppm

which correspond to , 1.583, 3.284 ppm were

,);"NH-.
Similarly, the 9 SP. ys two doublet signals at

7.437-7.461 ppm and 6. ) Ar-CH=CH-COOR and Ar-

CH=CH-COOR respectively om.spond to Ar-H at C-2 and
C-6 while 6.815-6.836 ppmye u \a‘E £5H at C=3 and C-5 (J=8.00 Hz) and these

peaks are shifted from the Sual d 7.310-7.332 and 6.735-6.756 ppm

respectively) possibly becausé of the hydropho ironment from silicone.””’ The

singlet signal at 3. DITESpOnds=tom i:‘ 3)- Moreover, signals at
0.044 ppm were assid .

Op wﬁ assigned for -O-Si(CH,),-

o @UH’JVIEW]?WEJ’M?

-NMR spectrum of G-AS dnsplays two signals belonging to olefinic

QW
AR AT
129.5 ppm respective R exhlblt signals of methoxy carbon

(OCH,) at 56.23 ppm and alkyl carbon around 16.08-44.75 ppm. Moreover, signals at
-0.5 ppm were assigned to methyl carbon on silicon while signals at 13.70, 22.40 and

41.50 ppm were assigned to the 3 consecutive methylene carbons.
In the case of G-MHS, the two signals of olefinic carbons can be seen at 132.47
and 129.80 ppm. Signals at 129.55 and 114.02 ppm can be assigned for aromatic carbons.

The spectrum also shows signals of methoxy carbon (OCH,) at 55.77 ppm and alkyl



37

carbons around 14.26-33.98 ppm. Moreover, signals at 0.10 ppm were assigned for
methyl carbon on silicon at the end of silicone chain [-O-Si(CH,),] and -0.05 ppm were
assigned for methyl carbon on silicon -O-Si(CH,),-O-.
“Si-NMR

The “Si-NMR spectrum of MHS silicone displays doublet signals belonging to

H-Si-CH, around 34.66-34.73 ppm while the “’Si-NMR spectrum of product G-MHS

-
+

The molecular weight (M.W. ucts were determined by gel

permeation chromato ------ the results of the M.W. range

ﬂUEJ’JVlEJVIﬁWEJ’]ﬂ‘i
ﬂW’]Mﬂ‘iﬂJlﬁﬂ’]’JVIﬂ’]ﬂ&l
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