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BPECIFICATION

METHOD8 FOR IMPROVING UV ABSORBANCE OF SUNSCREEN COMPOUNDS

of which the following is a specification:

1. Field of the Invention

The present invention relates to methods for
increasing the UV absorbance of certain sunscreen agents
for topical applications yielding compositions exhibiting
improved sun protection factor (SPF). These methods
comprise dissolving or suspending octyl methoxycinnamate or
benzophenone-3 in certain emollient systems resulting in a
15% increase in UV absorbance.

2. Background of the Invention

The sun emits energy in a continuous band throughout
the electromagnetic spectrum which includes the ultraviolet
range (200-400 nm), that part of the spectrum that tans and
burns the skin. Prolonged exposure of a person's skin to
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the sunlight may cause a variety of conditions. For
example, it can cause premature aging of the skin. 1In some
cases, it may cause the development of skin cancers such as
basal cell cancer, squamous cell cancer and melanoma. See
for example, Blum, H.F. "Sunlight As An Environmental
Factor in Cancer of the Skin". Military Medicine, 117:
202, 1955; Consequently, many products or measures have
been marketed to protect the skin from the harmful effects
of excessive exposure to the sun. Sunscreen agents such as
octyl methoxycinnamate and benzophenone-3 have gained wide
acceptance. These agents act by absorbing UV light thereby
offering the selective protection against the harmful
effects of UV wave bands. In use, the compounds are
dissolved or suspended in solvent systems such as ethanol,
isopropanol, propylene glycol, and mineral oil, and the
resulting compositions applied to the skin.

3., Description of the Related Art

"Encyclopedia of UV Absorbers for Sunscreen Products"
in Cosmetics and Toiletries, vol. 201, March 1987 authored
by Dr. N. Shaath and published by Allured Publishing Corp.
describes benzophenone-3 as well as octyl methoxycinnamate
as sunscreen agents. Under “the monograph of each of these
compounds, there are among others a description of their UV
properties. These monographs are incorporated herein by
reference. The UV properties are determined by measuring
the wavelength of maximum absorption ( 9\_max) in the
appropriate solvents [ethyl alcohol (EA) or mineral oil
(MO)]. It is recorded, along with the molar extinction
coefficient or molar absorptivity (€¢) and the K Value.

For benzophenone-3, the UV properties are:

7\ max (EA): 288/325 an max (MO): 288/329 nm

€: 14,000/9,400 (c: 4.67 mg/L in EA)
17,700/7,800 (c: 4.00 mg/L in MO)

K Value (EA): 41
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and for octyl methoxycinnamate the UV properties are:

"/\max (EA): 311 nm r/\.max(MO): 289 nm

€: 23,300 (c: 8.27 mg/L in EA)
19,700 (c: 10.24 mg/L in MO)

K Value (EA): 84

There are several patents disclosing the use of
various sunscreen agents. For example, U.S. patent
4,940,577 issued July 10, 1990 discloses a water-in-oil
emulsion containing as a sunscreen agent compounds such as
octyl dimethyl PABA, octyl methoxycinnamate, benzophenone-
3, octyl salicylate and mixtures thereof. Other patents,
e.g. uU.S. patents 4,940,574, 4,919,934, 4,894,222,
4,869,897, 4,851,434 and 4,847,072 disclose the use of
benzophenone-3 and others as sunscreen agents.

U.S. patents 5,075,333 and 5,061,733 discloses the use
of Cetiol LC (caprylic/capric acid/coco ester) and Cetiol
V (decyl oleate) in creams and gels.

4. Summary of the Invention

In accordance with this invention, we provide a method
whereby there is a significant increase in absorbance for
octyl methoxycinnamate and benzophenone-3 with no
significant shift in wavelength of maximum absorbance. In
general, we provide a method whereby there is a minimum of
15% increase in absorbance of these compounds.

Broadly speaking, we have found that the UV absorbance
of octyl methoxycinnamate is significantly increased when
it is dissolved or suspended in certain highly polar type
materials, i.e. ethoxylates and more particularly the
following compounds: I, II, III, IV, V and VI.
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R, - O(CH0), (HZC\-— CH - CHy) H (1)

o

wherein R, is Cy~Cy, straight or branched chain alkyl, x is
an integer of 5 to 10 and y is an integer of 2 to 6.

5 o
poeT
0] (l'.‘HZ o)
R, -C-0=-CH -C=-CHO-C=-R, (II)
CH,
10 0O-C-~-R
Jl
(o)
wherein RCO is a pelargonic acid radical
o
R-L—O [CH,-CH-CH,-0-], C-R (III)
15 OH
wherein R is an isostearic acid radical and n is an integer
of 2 to 5.
o]
| ]
—Cc-0-C=-R,
20
(o)
It
-——'F-O-C-R‘ (IV)

I
B

’
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wherein R, is C, to C,, alkyl, and

0
| ]
— C - O(CHO)N, - C - Ry (V)
_,c|: - OH
—C - OH

wherein R ,CO=COCO and n, is an integer of 4 to 9, and

o)

I

CH, (CH,) 44~C~OCH,~CHOH (VI)

CH,

For benzophenone-3, the UV absorbance is significantly
increased when it is dissolved or suspended in solvents
III, IV and VI or mixtures thereof.

In an abbreviated SPF test, we have found that the
novel system described herein exhibits significant
increases in SPF when compared to the system using mineral
oil.

SPF as used herein means the test used by the FDA
which is essentially the ratio of the amount of energy
required to produce a minimum erythemal dose (MED) to the
amount of energy to produce the same MED without any
treatment by the product.

5. Detailed Description of the Invention

The present invention is directed to a method and
means whereby there is an increase in UV light absorbance
with no significant shift in wavelength of maximum
absorbance for the known sunscreen agents, octyl
methoxycinnamate and benzophenone-3. The present invention
also includes within its scope compositions comprising
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these compounds exhibiting not only enhanced UV absorbance
but also have emollient properties for topical application.

The method of the present invention comprises mixing
together an effective sunscreen amount of octyl
methoxycinnamate and benzophenone-3 in the selected systenm,
i.e. the compounds identified as I to VI above either alone.
or as a blend as a binary or tertiary system. The results
are tabulated in Tables I and II.

TABLE I
OCTYL METHOXYCINNAMATE

Bolvent Wavelength M.A, Absorbance X
Change

IPA 309.0 0.345 -
Mineral 0il 291.5 0.360 +4.3
PEG-7 Glyceryl 310.0 0.458 +32.8
Cocoate

Caprylic/Capric 308.0 0.405 +17.4
Triglyceride

PPG~-2-Ceteareth-9 310.0 0.444 +28.6
Caprate

Isopropyl Myristate 307.0 0.371 + 7.5
Octyl Stearate 307.0 0.310 -10.1
Hexyl Laurate 307.0 0.353 + 2.3

SUBSTITUTE SHEET
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TABLE II
BENZOPHENONE~-3
Solvent Wavelength 2 Absorbance 2 %
Change
IPA 323.0 0.204 -
Mineral 0il 327.0 0.172 -15.7
PEG-7 Glyceryl 323.5 0.243 +19.1
Cocoate
Caprylic/Capric 328.0 0.205 + 0.5
Triglyceride
PPG-2-Ceteareth-9 323.0 0.241 +18.1
Caprate
Coco Caprylate/ 326.5 . 0.179 -12.3
Caprate
Octyl Stearate 328.5 0.191 - 6.4
Hexyl Laurate 327.0 0.197 - 3.4

The above results are obtained by combining the
selected sunscreen agent at about 500 ppm in the system as
described. The above results also demonstrate the
surprising effect of the present invention as not all polar
compounds have the positive influence in increasing UV
absorbance.

Examples of commercially available solvents which fall
within I are PPG-5-laureth-5 and PPG-2-ceteareth-9; those
which fall within II include pentaerythrityl
tetrapelargonate; those which fall within III include
polyglycerol-3 diisostearate; those which fall within IV
include caprylic/capric triglyceride and those which fall
within V include PEG-7-glyceryl cocoate and those which
fall within VI include propylene glycol isostearate. '

" SUBSTITUTE SHEET
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For octyl methoxycinnamate the combination of PEG-7-
glyceryl cocoate with pentaerytritol tetrapelargonate at an
approximate ratio of about 75:25, a combination of PPG-2-
ceteareth-9 : caprylic/capric  triglyceride at an
approximate 50:50 and a combination of polysorbate 20 :
PPG-2-ceteareth-9 : caprylic/capric triglyceride at an
approximate ratio of about 50:25:25 and glycerol cocoate:
propylene glycol isostearate at an approximate ratio of
50:50 is advantageous as the resulting composition exhibits
a 20% increase in UV absorbance. For benzophenone-3, a
combination of PEG-7-glyceryl cocoate : polyglycerol-3
diisostearate at an approximate ratio of 75:25 and a
combination of polysorbate 80 : PPG-5-laureth-5 :
caprylic/capric triglyceride at an approximate ratio of
50:25:25 is advantageous as these exhibit a 20% increase in
UV absorbance.

As those skilled in the art would appreciate for
topical applications, sunscreen composition must be non-
toxic and non-irritating to the skin and capable of
application to the skin as a uniform continuous film, i.e.
an emollient effect. In addition, the active sunscreen
affects must remain chemically stable in the vehicle for
topical application. The compositions of sunscreen agents
prepared in accordance with the present exhibit these
desirable properties in addition to enhanced UV absorbance.
In an abbreviated SPF test involving five people per
sunscreen agents, there was a significant increase in SPF
when compared to the same agent dissolved in mineral oil.

In a commercial embodiment of the present invention,
the system may include other agents traditionally used in
formulating sunscreen products. These agents include for
example preservatives (such as methyl and propyl paraben)
fragrance, anti-oxidants, wetting agents, emulsifiers,
emulsion stabilizers and the like.

In order to further illustrate the practice of the
invention, the following examples are included:
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Example 1

Emulsions were prepared as follows:

(% W/HW)

Ingredient 1 2 3 4 3
5 PART A

Stearic Acid 5.00 5.00 5.00 5.00 5.00

Parsol MCX (Octyl-

methoxycinnamate) 7.50 7.50 7.50 7.50 7.50

Escalol 567
10 (Benzophenone-3) 3.00 3.0 3.00 3.00 3.00

Mineral 0il 10.00 - - - -

PEG~7 glyceryl cocoate 5.00 5.00 7.50 -

Pentaerythrityl
tetrapelargonate - 5.00 - - 7.50

15 Propylene glycol - - 5.00 - -
isostearate

Polyglycerol-3

diisostearate - - - 2.50 2.50
PART B
20 Water 51.80 51.80 51.80 51.80 51.80
2% Carbopol 941 20.00 20.00 20.00 20.00 20.00
Triethanolamine 2.45 2.45 2.45 2.45 2.45
PART C
Glydant 0.25 0.25 0.25 0.25 0.25
25 (antioxidant)

TOTAL 100,00 100.00 100.00 100.00 100.00
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Example 1 (cont.)

(% W/W)
Ingredient [} 1 8 2
PART A
5 Stearic Acid 5.00 5.00 5.00 5.00
Parsol MCX (Octyl-
methoxycinnamate) 7.50 7.50 7.50 7.50
Escalol 567
(Benzophenone=3) 3.00 3.00 3.00 3.00
10 PPG-5-laureth-5 5.00 2.50 -
Caprylic/Capric
triglyceride 5.00 5.00 2.50 2.50
PPG-2-ceteareth-9 - 5.00 - 2.50
Polysorbate 80 - - 5.00 -
15 Polysorbate 20 - - - 5.00
PART B
Water 51.80 51.80 51.80 51.80
2% Carbopol 941 20.00 20.00 20.00 20.00
Triethanolamine 2.45 2.45 2.45 2.45
20 PART C
Glydant 0.25 0.25 0.25 0.25
(antioxidant)

TOTAL 100.00 100.00 100.00 100.00
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Example 2

The SPF values of various emulsions which contain
benzophenone-3 and octyl methoxycinnamate were as follows:

SPF
5 Formulatjon Emollient System Value
1 Mineral 0il 10.7
(as a control)
2 PEG~7 glyceryl cocoate:
pentaerythrityl tetrapelargonate (50:50) 13.2
10 3 PEG-7 glyceryl cocoate:
propylene glycol isostearate (50:50) 13.2
4 PEG-7 glyceryl cocoate:
polyglycerol-3 diisostearate (75:25) 13.2
5 pentaerythrityl tetrapelargonate:
15 polyglycerol-3 diisostearate (75:25) 11.6
6 PPG-5-laureth-5: |
caprylic/capric triglyceride (50:50) 13.5
7 PPG-2-ceteareth-9:
caprylic/capric triglyceride (50:50) 16.5
20 8 Polysorbate 20 : PPG-5-laureth-5:

caprylic/capric triglyceride (50:25:25) 13.8

9 Polysorbate 80 : PPG-2~-ceteareth-9;
caprylic/capric triglyceride (50:25:25) 10.5
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WHAT IS CLAIMED IS:

1. A method for increasing the UV absorbance of octyl

methoxycinnamate which comprises dissolving an effective

amount in an emollient system comprising compounds of the
5 formula or mixtures thereof:

R, - O(CH,0), (HZC\-/CH - CHy) H (1)
0

wherein R; is C;=Cyy straight or branched chain alkyl, X is
an integer of 5 to 10 and y is an integer of 2 to 6.

10 0
I
0-C-R,
l
0 CH2 (0]
| l
R, - C-0-CH -C=-CHO-C-R (1I)
|
CH,
|
15 0-C=-R
I
0

wherein R,CO is a pelargonic acid radical
o 0
I |

R-C-0 [cnz-clzn-cnz-o-]n c-R (III)

20 OH
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wherein R is an isostearic acid radical and n is an integer
of 2 to 5.

—C-0-C=~R (IV)

wherein R, is C; to C;;, alkyl, and

0
I Il

—-cl: - O(CHO0)n, - C - Ry
—cC - OH (V)
~——C - OH

wherein R,CO=COCO and n, is an integer of 4 to 9, and

o

CHj (CH,) ;4—C-OCH,-CHOH (VI)

CH,

2. A method according to claim 1 wherein the emollient
system comprises a mixture of PEG-7 glyceryl cocoate :
pentaerythrityl tetrapelargonate a ratio of about 75:25.
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3. A method according to claim 1 wherein the emollient
system comprises PPG-2-ceteareth-9 : caprylic/capric

triglyceride at a ratio of 50:50.

4. A method according to claim 1 wherein the emollient
system comprises polysorbate 20 : PPG-2-ceteareth-9 :
caprylic/capric triglyceride at a ratio of about 50:25:25.

5. A method according to claim 1 wherein the emollient
system comprises PEG-7-glyceryl cocoate: propylene glycol
isostearate at a ratio of 50:50.

6. A method for increasing the UV absorbance of
benzophenone-3 which comprises dissolving an effective
amount of benzophenone-3 in an emollient system comprising
compounds III, IV or VI alone or mixtures thereof.

o 0
I I
R-C-0 [CH,-CH-CH,-0-]s C-R (III)

OH

wherein R is an isostearic acid radical and n is an integer
of 2 to 5.

(o]
I I
—C-0-C-R

—f-o-c-X (IV)
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wherein R, is C, to C,, alkyl, and

0
|t
CH, (CH,) ,,~C~OCH,~CHOH (VI)
I

CHy

7. A method according to claim 6 wherein the emollient
system comprises PEG-7 glyceryl cocoate : polyglycerol-3
diisostearate at a ratio of 75:25.

8. A method according to claim 6 wherein the emollient
system comprises polysorbate 80 : PPG-5-laureth-5 @
caprylic/capric triglyceride at a ratio of 50:25:25.

9. A composition having an increased UV absorbance of
octyl methoxycinnamate which comprises an effective amount
of said octyl methoxycinnamate in an emollient system
comprising compounds of the formula or mixtures thereof:

Ry = O(CH,0), (HC - CH - CHy)H (1)

0
wherein R, is C,-C,, straight or branched chain alkyl, x is
an integer of 5 to 10 and y is an integer of 2 to 6.

0
I
0-C-R,
|
0 CH2 o)
i) | Il
|
CH,
\
0-C-R

o



WO 94/07460

10

15

20

PCT/US92/08215
16

wherein R,CO is a pelargonic acid radical

o 0

| |
R—L-o—{cuz-cu-cuz-o- )}z C-R (II1)

I
OH

wherein R is an isostearic acid radical and n is an integer
of 2 to 5.

I

—Cc-0-C-=-R,

—C-0-C-FR
b
wherein R, is C; to C,; alkyl, and
o
-—l - O(CHO)n, - cj - R
__L - OH (V)
}
——C - OH
|
wherein R,CO=COCO and n, is an integer of 4 to 9.
0
CHj, (CH,) 4,~C~OCH,-CHOH (VI)

CH,
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10. A composition according to claim 9 wherein the
emollient system comprises a mixture of PEG-7 glyceryl
cocoate : pentaerytritol tetrapelargonate a ratio of about

75:25.

11. A composition according to claim 9 wherein the
emollient system comprises PPG-2-ceteareth-9 :
caprylic/capric triglyceride at a ratio of 50:50.

12. A composition according to claim 1 wherein the
emollient system comprises polysorbate 20 : PPG-2-
ceteareth-9 : caprylic/capric triglyceride at a ratio of

about 50:25:25.

13. A composition having an increased UV absorbance of
benzophenone-3 which comprises an effective amount of said
benzophenone-3 in an emollient system comprising compounds
III, IV or VI alone or mixtures thereof.
Cl) 0
R-C-O [CH,~CH-CH,-0-}—C-R (III)
OH

wherein R is an isostearic acid radical and n is an integer

of 2 to 5.

0
| l
—Cc-0-%C-R,
0
|
—C-0-C-R, (IV)

—C=-0-C-=-R

|
0
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wherein R, is C, to C,;, alkyl, and
0]
CH, (CH,) 4,~C-OCH,-CHOH (VI)

Hy

5 14. A composition according to claim 12 wherein the
emollient system comprises PEG-7 glyceryl cocoate :
polyglycerol-3 diisostearate at a ratio of 75:25.

15. A composition according to claim 12 wherein the
emollient system comprises polysorbate 80 : PPG-5-laureth-5
10 : caprylic/capric triglyceride at a ratio of 50:25:25.
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