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TOPICAL FORMULATIONS FOR UV PROTECTION 

Cross-Reference to Related Applications 

[00011 This application claims priority to U.S. Provisional Application No. 62/013,276 filed 

on June 17, 2014, entitled "Topical Formulations for UV Protection"; the disclosure of which is 

5 incorporated by reference.  

Technical Field 

[00021 The present disclosure is directed to novel active two-armed cyclic compounds which 

are capable of absorbing ultra violet (UV) radiation and protecting against sun damage, and their 

methods of production. Also described are topical compositions which are formulated to have a 

10 photo-protecting amount of the active compound when the composition is applied to skin of a 

subject.  

Background 

[0003] Solar radiation has been shown to be harmful to human skin. Some harmful effects 

are seen immediately after sun exposure, such as in the case with sunburns, but in other cases, 

15 the damaging effects of solar radiation does not appear for many years post exposure.  

[00041 Sun damage to the skin results from ultraviolet radiation (UVR) which reaches the 

surface of the earth. This UV radiation is divided in UVA and UVB. UVA (320 nm to 400 nm) 

contributes about 95% of the UVR, while UVB (290 nm to 320 nm) accounts for about 5%.  

Accordingly, topical sunscreens are formulated to contain active agents, which are able to absorb 

20 or reflect UVR having a wavelength of about 290 nm to 400 nm, and even reach beyond 400nm 

into the visible spectrum at the blue light zone. These organic and physical sunscreens are 

classified into UV-A filters, UV-B filters, or broad spectrum filters (UV-A and UV-B 

functionality in a single molecule) depending on the type of radiation they absorb. UV-A 

sunscreens absorb radiation in the 320 to 400 nm regions of the ultra violet spectrum and UV-B 

25 sunscreens absorb radiation in the 290 to 320 nm regions of the ultra violet spectrum.  

[00051 Topical sunscreen compositions are commonly used during outdoor work or leisure 

as a means for providing protection of exposed skin against acute and chronic adverse effects of 

solar radiation such as, for example, sunburn, sun exposure-related cancers, and skin photo

aging.  

30 [0006] Many effective sunscreen preparations are sold commercially or are described in 

cosmetic or pharmaceutical literature. In general, sunscreen preparations are formulated as 

creams, lotions, sprays or oils containing as the active agent an ultra violet radiation absorbing 

chemical compound, or reflecting by physical compounds. As people have become more aware
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of the damaging effects of UVR, use of sunscreens has increased. Sun care products accounted 

for about 10% of the global skincare market in 2013 and the market is poised for growth of about 

6.5% between 2013 and 2017. Global sun care sales reached about $8.7 billion in 2013.  

Research shows that consumers are highly concerned about sun damage, with 62% seeking sun 

5 protection benefits in skin care and body care products. Adding sun protection factor (SPF) to 

creams, lotions, and other body care products is becoming commonplace. Accordingly, it is 

desirable to improve sun protection formulations in terms of convenience, comfort and the 

duration of efficacy.  

[00071 Currently, commercially available sun screen products are divided into two 

10 categories: chemical (organic) and physical. Chemical sunscreens are those which contain an 

active molecule which can absorb UVA and/or UVB radiation. Oxybenzone and avobenzone are 

examples of chemical sunscreens contained in sunscreen formulations. A pitfall of chemical 

sunscreens is the instability of the active ingredient when exposed to the sun. An example of a 

photosensitive sunscreen agent is avobenzone. Avobenzone becomes less effective as a 

15 sunscreen over time when exposed to solar radiation. Further, chemical compounds such as 

avobenzone degrade in the presence of some pigments, rendering the sunscreen ineffective. The 

mixing of chemical sun blocks with pigments can inadvertently occur when a user first applies 

such a sunscreen to her/his face followed by a cosmetic with pigments thereby rendering the 

active ingredient ineffective. Finally, some concerns have arisen regarding the safety of 

20 chemical sunscreens.  

[0008] Physical sunscreens act as physical barriers which prevent UV rays to come into 

contact with a user's skin. Physical sunscreens primarily include titanium oxide or zinc oxide.  

Physical sunscreens, on the other hand, may generate free radicals that can be harmful. Further, 

physical sunscreens tend to be more visible. Both titanium oxide and zinc oxide type sunscreens 

25 come in a thick whitish paste that can be hard to apply and must be reapplied frequently as any 

sun-protecting qualities are lost when the physical layer of sunscreen is gone. Thus there exists a 

need for more natural sunscreen derivatives that can provide sun protection qualities and still be 

safe and relatively stable.  

[0009] In recent years, a group of compounds known as mycosporines and mycosporine-like 

30 amino acids (MAAs) have received attention for their UV-absorbing qualities. Certain fungi 

produce mycosporine alone while cyanobacteria, algae, dinoflagellates, coral, and other marine 

organisms can produce both mycosporine and MAAs. MMAs are a family of intracellular 

compounds biosynthesized by the shikimate pathway for synthesizing aromatic amino acids 

involved in protecting aquatic organisms from solar radiation. MAAs are typically around 300 

2
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Daltons and are characterized by a cyclohexenon or cyclohexenimine chromophore. Discovered 

in the late 1960's, mycosporine and MAAs haven been subject of much research, and has been 

found to absorption range of 310 to 360 nm.  

[0010] In recent years, some MAAs have received some attention as being viable sun 

5 screening agents. While MAAs have the benefit of being natural and thus less harmful than 

either chemical or physical sunscreens, the ability to produce and isolate enough MAAs from 

natural sources is time consuming and challenging. Thus, isolating enough MAAs from live 

organism to be placed into commercial production of sunscreen may not be economically 

feasible. Furthermore, attempts to produce MAAs synthetically has been unsuccessful thus far.  

10 [0011] Disclosed herein are a new family of compounds with a two-armed cyclic structure 

and their syntheses, having some similarity to naturally-occurring MAAs by having a basic 

structure of amino acid cyclohexenone or cyclohexenimine conjugated arrangements. Yet, this 

family of molecules disclosed the feasible chemical structures and chemical variants that can 

absorb both UVA and UVB radiation. Thus, they are particularly effective and feasible as topical 

15 formulations for use as sunscreens. The sunscreen formulations described provide a stable active 

molecule and a topical formulation which is water soluble and provides greater comfort than 

current formulations when applied to the skin.  

Brief Description of the Drawings 

[0012] FIG. 1 is a graph showing UV absorption spectra of TopChem1, avobenzone, 

20 TopChemI and avobenzone at a 1:2 ratio, and Topchem1 and avobenzone at a 2:1 ratio.  

[0013] FIG. 2 is a graph showing UV absorption spectra of TopCheml, avobenzone, 

TopCheml and avobenzone at a 1:2 ratio, and Topcheml and avobenzone at a 2:1 ratio before 

and after UV exposure.  

[00141 FIG. 3 is a graph showing UV absorption spectra of TopChem2, avobenzone, 

25 TopChem2 and avobenzone at a 1:2 ratio, and Topchem2 and avobenzone at a 2:1 ratio.  

[0015] FIG. 4 is a graph showing UV absorption spectra of TopChem2, avobenzone, 

TopChem2 and avobenzone at a 1:2 ratio, and Topchem2 and avobenzone at a 2:1 ratio before 

and after UV exposure.  

3
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Summary 

[0016] The present invention relates to compounds based upon naturally-occurring MAAs.  

The disclosed compounds having sun screening properties that can work independently or 

synergistically with existing sun screening agents. Also disclosed are synthetic pathways for 

5 making the disclosed compounds as well as formulations containing these compounds for use in 

a variety of products where having a sun screening agent is beneficial.  

[00171 The examples and embodiments provided herein are intended to be illustrative and 

not exclusive. Those of skill in the art will recognize certain modifications, permutations, 

additions and sub-combinations thereof as an intended part of the instant disclosure. Additional 

10 features will become apparent to those of skill in the art upon a reading of the specification and a 

study of the structures provided.  

[0018] In one aspect, a two-armed cyclic compound is provided having the general formula 

(I): 

0 CH 3 

R, R2 

(CH 2)n 

15 (I) 

O CH 3  CH3 

R, R2 R1 R2 

or 

(CH 2)n (CH 2 )n 

wherein: IA IB 

wherein: 

R1 is : =0,-OH,-NH, -CH 2-COO~, -NH-CH 2-COO~, 

20 

0 0 0 

NN 
OH 'OH (CH), OH.  
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-NH 

CO2H 
H 

OH HO CH- coo* 

,or 

H 

--- N CO)O
HOH 

R2 is: =0,-OH,-NH, -CH 2-COO, -NH-CH 2-COO~, 

o 00 

N N 
OH OH (CH)mOH 

-NH 

COgH H 

coo- H2 

OH HO CH, --- cOo 

5 ,, ,or 

H 

-- N coo
H OH 

n = 1, 2, 3 or 4; and 

m = 1,2,3,4,5,6,7,8or9; 

0 0 

N N -( 
wherein R1 or R2 is N OH or (CH 2 mOH 

10 [0019] In one embodiment, R1 and R2 are the same. In another embodiment, R1 and R2 are 

different.  

[0020] In a specific embodiment related to the foregoing, R, and R2 are both 

0 0 

OH and R2 is N OH . In another embodiment, R1 and R2 are different.  

5



WO 2015/195546 PCT/US2015/035803 

[00211 In one embodiment, the compound of formula (I) has the structure selected from the 

group consisting of: 

O OXCH3 0 

N 

HO HN OH 

0 11-ICH 3  
0 

O O N 

HOH 
HOI 

0 CH 3

O) N N 

HOH C OH 

9 

5 

0 

O O/CH3 N OH 
N/ 
H 

HO 

10 

[00221 In another aspect, a two-armed cyclic compound is provided having the general 

formula (II): 

0CH3  O 

HO N N)) OH 

A B 

10 (II) 

wherein A and B are each H.  

6
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[00231 In one embodiment, the two-armed cyclic compound has the general formula II 

wherein A is H, a methyl group, or CH(R)COOH, wherein R is H or an alkyl group containing 1 

to 3 carbons which are optionally substituted by a hydroxyl group or an ester thereof; and B is a 

methyl group, or CH(R)COOH, wherein R is H or an alkyl group containing 1 to 3 carbons 

5 which are optionally substituted by a hydroxyl group or an ester thereof.  

[00241 In another aspect, a compound of formula (III) is provided: 

R, OCH3 

HN N- R2 

(CH2)n 

(III) 

where n is selected from 0, 1, 2, 3, and 4, 

10 R1 and R2 are each independently -(C1 2)m-COOH or -(CH 2)y-CH(A)-COOH, where 

m is an integer ranging from 1-9, 

y is an integer ranging from 0 to 8, 

[00251 A is a Cl -C3 linear or branched alkyl or alkenyl optionally substituted at one or more 

carbon atoms with hydroxy or -C(O)OR 3, where R3 is an ester, and when C taken together with 

15 A forms a double bond, the H in CH(A) is absent.  

[00261 In one embodiment, n is 1.  

[00271 In one embodiment, n is 2.  

[0028] In one embodiment, n is 3.  

[00291 In one embodiment, n is 4.  

20 [0030] In one embodiment, R1 and R2 are each independently selected from -CH2-COOH, 

(CH 2)2-COOH, -(CH 2)3-COOH, -(CH 2)4-COOH, -(CH 2)5-COOH, -(CH 2)6-COOH, -(CH 2)7

COOH, -(CH2)8-COOH, and -(CH 2)9-COOH.  

[0031] In one embodiment, y is 0.  

[00321 In one embodiment, y is 1.  

25 [0033] In one embodiment, A is selected from the group consisting of-OH, -CH 3, -CH 2 CH3, 

-CH 2CH2CH 3, -CH 2OH, -CH(CH 3)2 , -CHCH 30H.  

[0034] In one embodiment, R1 and R2 are each independently selected from the group 

consisting of: 

7
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0 / COOH COOH 
COOH 

COO 

OH Vs OH 
H , HO CH3 

COOH 

O COOH COOH 

H3C CH3 

cis or trans 

cis or trans 
COOH COOH 

COOH 

, and 
cis or trans 

H3C CH2OH 

[0035] In one embodiment, R1 and R2 are the same.  

[00361 In one embodiment, R1 and R2 are different.  

[0037] In another aspect, a composition for topical administration comprising the two-armed 

5 cyclic compound of formula (I), (II) or (III) which is photoprotecting and a pharmaceutically 

acceptable excipient.  

[0038] In one embodiment, the composition is a water-in-oil emulsion comprising the 

compound of formula (I), (II) or (III). In another embodiment, the composition is an oil-in-water 

emulsion comprising the compound of formula (I), (II), or (III).  

10 [00391 In one embodiment, the composition further comprises one or more additional 

compounds which absorb UV radiation. In another embodiment, the composition further 

comprises titanium oxide or zinc oxide. In yet another embodiment, the composition further 

comprises avobenzone.  

[00401 In one embodiment, the composition for topical administration retains at least 50%, 

15 90% or 95% of its UV absorbance after being irradiated with 4 MEDs (Minimal Erythema 

Doses) of energy from a simulated solar radiation source.  

[0041] In another embodiment, the UV absorbance by the topical administration is over the 

range of 290 nm to 400 nm, 300 nm to 390 nm, 310 nm to 400 nm, 320 nm to 400 nm, 310 nm to 

380 nm, 310 nm to 370 nm or 310 to 365 nm.  

8
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[00421 In another aspect, a method for protection against sunburn or sun damage is provided, 

comprising topically administering a composition comprising the compound of formula I, 

formula II or formula III.  

[00431 In one embodiment, the composition is formulated to be a liquid (liniment, solutions, 

5 emulsions, suspensions, aerosols), or a semi-solid (such as creams, lotions, gels, pastes, 

ointments, jellies), or a solid (such as powder, aerosol, plaster).  

[0044] In one embodiment, the composition is formulated with additional ingredients to 

provide a commercial product. Examples of such additional ingredients are binders, stabilizers, 

emollients, penetration enhancers, surfactants, fragrance, and the like.  

10 [00451 Additional embodiments of the present methods and compositions, and the like, will 

be apparent from the following description, drawings, examples, and claims. As can be 

appreciated from the foregoing and following description, each and every feature described 

herein, and each and every combination of two or more of such features, is included within the 

scope of the present disclosure provided that the features included in such a combination are not 

15 mutually inconsistent. In addition, any feature or combination of features may be specifically 

excluded from any embodiment of the present invention. Additional aspects and advantages of 

the present invention are set forth in the following description and claims, particularly when 

considered in conjunction with the accompanying examples and drawings.  

Detailed Description 

20 I. Definitions 

[0046] As used in this specification, the singular forms "a," "an," and "the" include plural 

referents unless the context clearly dictates otherwise. Thus, for example, reference to a 

"polymer" includes a single polymer as well as two or more of the same or different polymers, 

reference to an "excipient" includes a single excipient as well as two or more of the same or 

25 different excipients, and the like.  

[0047] "Erythema" is a non-specific term used to define the redness of the skin produced by 

a congestion of the capillaries that can result from a variety of causes. Erythema can be cause in 

the skin by, among other things, friction, irritation and exposure to UV, visible and infrared 

radiation. "Sunburning" or "sunburn" is defined as an injury to the skin with erythema, 

30 tenderness and sometimes painful blistering, following excessive overexposure to UV radiation.  

[00481 "Minimal Erythema Dose" (MED) is defined herein as the threshold dose of UV 

radiation that may produce sunburn. MED may also be defined as the time of exposure that 

produces that minimally perceptible erythema at 16 to 24 hours post-exposure. MED may be 

measured for UVA and/or UVB radiation.  

9
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[0049] "Pharmaceutically acceptable salt" refers to a biologically compatible salt of a 

compound that can be used as a drug, which salts are derived from a variety of organic and 

inorganic counter ions well known in the art.  

[00501 "Pharmaceutically effective amount" or "therapeutically effective amount" refers to 

5 an amount of a compound sufficient to treat a specified disorder or disease or one or more of its 

symptoms and/or to prevent the occurrence of the disease or disorder. "Treatment" includes 

arresting further advancement of a disease, as well as reversing the disorder, inducing regression 

of lesions, or in some examples curing the disorder.  

[00511 "Subject" refers to humans and non-human subjects, and includes all mammals.  

10 [0052] "Topical" delivery refers to application of a drug-containing formulation to the skin 

to directly treat cutaneous disorders or the cutaneous manifestations of a disease with the intent 

of substantially directing the pharmacological effect of the drug to the surface of the skin or 

within the skin. Topical dosage forms are typically semi-solid systems, but can include a variety 

of other dosage forms such as foams, sprays, medicated powders, solutions and medicated 

15 adhesive systems. Topical delivery includes external topical agents that are spread, sprayed, or 

otherwise dispersed on cutaneous tissues to cover the affected area, or internal topical agents that 

are applied to the mucous membranes orally, vaginally, or on anorectal tissues for local activity.  

The topical drugs disclosed herein can be administered in any topical dosage form, for example 

as a solid (powder, aerosol or plaster); liquid (lotion, liniment, solution, emulsion, suspension, 

20 aerosol) or semi-solid (ointment, cream, paste, spray, gel, jelly or suppository).  

[0053] "Topical base" refers to the solid component of a topical formulation. A 

therapeutically effective amount of an active compound is combined with a topical base to 

produce a topical formulation such as an ointment, a cream, spray or a lotion. The topical 

formulation also may include additional components such as excipients, including, without 

25 limitation, antioxidants, binders, emollients, penetration enhancers, surfactants, and the like.  

[00541 "Photoprotecting effective amount" as used herein refers to the amount of a 

compound as disclosed herein which absorbs UV radiation. A composition comprising a 

photoprotecting effective amount will reduce or prevent erythema or reddening of skin to which 

the composition is applied as compared to the erythema or reddening of the skin to which the 

30 composition has not been applied. A photoprotecting effective amount of the composition, when 

applied to the skin of a subject, will increase the Minimal Erythema Dose (MED) by at 10%, 

25%, 50%, 75%, or 95% as compared to the MED for skin of the subject which to which the 

composition has not been applied. MED may be used to indicate photoprotecting effective 

amounts of a composition upon exposure to UVA, UVB, or both UVA and UVB radiation.  

10
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[0055] Where a range of values is provided, it is intended that each intervening value 

between the upper and lower limit of that range and any other stated or intervening value in that 

stated range is encompassed within the disclosure. For example, if a range of 1 ptm to 8 pim is 

stated, it is intended that 2 pim, 3 ptm, 4 ptm, 5 pim, 6 pim, and 7 pm are also explicitly disclosed, 

5 as well as the range of values greater than or equal to 1 pm and the range of values less than or 

equal to 8 pm.  

II. In Vitro Determination of SPF 

[00561 SPF can be determined in vitro using the following protocol. Samples of the topical 

formulation containing the compound of Formula (I) is applied to PMMA 

10 (poly(methylmethacrylate)) plates (Schongerg, Hamburg, Germany) as a film at a concentration of 2 

mg/cm2 . Controls are also utilized in which: 1) no topical formulation is applied to the PMMA and 

2) the topical formulation containing none of the compound of Formula (I) is applied to the PMMA.  

[00571 The samples of the composition are irradiated with simulated natural sunlight to 15 

MEDs (minimal erythemal dose) emitted by a Solar Light Model ISS Xenon Arc Solar Simulator 

15 equipped with Solar Light Dose Control System and UVB detector. The Solar Simulator is 

calibrated to meet the common international SPF methodology jointly promulgated by the European 

Cosmetics Association ("COLIPA"), the Japan Cosmetic Industry Association, the Cosmetic, 

Toiletry and Fragrance Association of South Africa, published on May 2006, referred to herein as 

the "COLIPA standard." The dose control and detector systems are also calibrated. The amount of 

20 energy transmitted through the composition is recorded initially and then at intervals until 15 

MEDs have been administered. The SPF at each interval is calculated by dividing the amount of 

energy transmitted through a blank film by the amount transmitted through the product-coated 

film.  

25 1II. In Vivo Determination of SPF 

[0058] To determine the SPF of the topical formulation containing the compound of Formula 

(I), test sites on human subjects are used. A test site area serves as an area for determining the 

subject's Minimal Erythema Dose (MED) after application of either the sunscreen product or for 

determining the subject's MED of unprotected skin (control site). Each subject's MED is the time 

30 of exposure that produces that minimally perceptible erythema at 16 to 24 hours post-exposure.  

A test site on the back of each subject is designated between the beltline and the shoulder blades 

and lateral to the midline. Responses on unprotected skin (no test material applied) and 

protected skin (sunscreen test product(s) or SPF standard is applied) are determined at separate 

11
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unprotected and protected test sites, respectively. Test sites are randomly located in a blinded 

manner. Each test site is a minimum of 30 square centimeters and outlined with indelible ink.  

[00591 Within each test site are about 5-8 test subsites, each having an area of at least about 

0.5 cm 2 and separated from each other by at least about 0.8 cm. Each test subsite is outlined with 

5 indelible ink.  

[00601 The test topical formulation or control composition is applied to each test site at a 2 

mg/cm 2. A finger cot compatible with the formulation is used to spread the product as evenly as 

possible. After a waiting period of at least and about 15 minutes, the test sites are exposed to UV 

radiation.  

10 [00611 A series of UV light exposure (units of time) are administered to the subsites on each 

subject with the solar simulator. One series of exposures is administered to the untreated, 

unprotected skin to determine the MED. The MED is the time of exposure that produces the 

minimally perceptible erythema at 16 to 24 hour post-exposure. The MED of the subject's 

unprotected skin is determined prior to the test day, then again on the test day.  

15 [00621 Each of the protected test sites (controls and/or test sunscreen product) are also 

exposed to UV light. The standard time intervals selected are a geometric series represented by 

(1.25)n, wherein each exposure time interval is 25 percent greater than the previous time. (The 

reason for using the geometric sequence of UV exposure is to maintain the same relative 

uncertainty, expressed as a constant percentage), independent of the subject's sensitivity to UV 

20 light, regardless of whether the subject has a high or low MED). The exact series of exposures to 

be given is determined by the MED of the unprotected skin.  

[00631 Each subject reports back at 16 to 24 hours post-exposure, at which time each test site 

area is read to determine the Minimal Erythema Dose (MED) of both the unprotected and the 

protected skin. The SPF of the test sunscreen is then calculated from the exposure time interval 

25 required to produce the MED of the protected skin, and from the exposure time interval required 

to produce the MED of the unprotected skin (control site), i.e., 

SPF = MED Protected Skin 

MED Unprotected Skin 

[00641 A topical composition which has a photoprotecting effective amount of the active 

30 compound will have an SPF of at least about 15.  

[00651 While a number of exemplary aspects and embodiments have been discussed above, 

those of skill in the art will recognize certain modifications, permutations, additions and sub

combinations thereof. It is therefore intended that the following appended claims and claims 

12
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hereafter introduced are interpreted to include all such modifications, permutations, additions 

and sub-combinations as are within their true spirit and scope.  

IV. Mycosporine and Mycosporine-Like Amino Acids (MAAs) and their analogs 

[0066] A number of photosynthetic microorganisms which are exposed to visible and UV 

5 radiation have evolved mechanisms to circumvent the damaging effects of UV radiation. One of 

these mechanisms is the synthesis of UV-absorbing or screening compounds. The most well

known natural UV-absorbing compounds are mycosporines and mycosporine-like amino acids 

(MAAs). They are low molecular weight, water-soluble molecules which absorb UV radiation 

having a wave length between about 310 and 365 nm. These are found in many cyanobacteria 

10 and possibly in other prokaryotes, and in eukaryotes such as microalgae, yeast and fungi. A 

review of several MAAs and their structures can be found, for example, in Llewellyn and Airs 

(Mar. Drugs, 2010, 8:1273-1291).  

[0067] Much research on the topic of mycosporine and MAAs have been directed towards 

understanding their mechanism of synthesis within their corresponding organism and attempting 

15 to derive these UV absorbing compounds via biological means. In those cases, the hope has 

been to discover a viable way to easily produce these compounds for commercial use.  

Unfortunately thus far, a feasible means of production reasonable amounts of MAAs biologically 

is still lacking. As a result, commercial products containing biologically-derived MAAs are 

expensive and few and far in between.  

20 [00681 Research efforts have also been geared towards finding synthetic ways of making 

MAA compounds. Researchers focused on finding such synthetic means of making MAAs have 

also been confounded by its complexity. To date, there does not appear to exist any literature on 

a synthetic method for producing such MAAs. The difficulty with synthesizing MAAs from 

available compounds likely stems from the chirality of naturally-occurring MAAs. As with other 

25 chiral compounds, being able to control which enantiomer one has in each of the synthesis steps 

is challenging. Thus, it was surprising here that by synthesizing molecules similar to naturally

occurring MAAs but omitting the chiral center of naturally-occurring MAAs, that the resulting 

compounds still maintain a certain level of UV absorption.  

[0069] Herein disclosed are novel compounds having a two-armed cyclic structure which can 

3o absorb both UVA and UVB radiation and which, when formulated as a topical composition, can 

protect against sun damage, sunburn, and/or erythema.  
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V. The Two-Armed Cyclic Compound 

[0070] The two-armed cyclic compounds in accordance with the present disclosure 

correspond to formula (I) below: 

0 CH 3 

R1 R2 

5 (CH 2)n 

(I) 

CH3  CH3 
0 O 

R, R2 R1 R2 

or 

(CH2)n (CH2)n 

10 wherein: 

O 0 0 

N -"KN 
R1 is OH OH , or (CH ) 1OH.  

O 0 0 

R2 is N OH OH , or N (CH OH 

n 1, 2, 3 or 4; and 

15 m =1, 2, 3, 4, 5, 6, 7, 8 or 9; 

O 0 

N N 
wherein when R1 or R2 is OH or (CH2)a H , the bond between the N and 

the aromatic ring is a double bond.  
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100711 In some embodiments, R1 is the same as R2. In other embodiments, R1 is different 

than R2 .  

[0072] Among the compounds of formula (I), more particularly exemplary are the following: 

0CH3  0 

N 

H H N OH 

0'1CH3 O H O N~- OH 

50 

N OH H 

5 HO 

O 0CH3  O 
N N 

HH / OH 

H O 

9 

0 

CCH
3 

OHO N OHO 

N/ 
H 

HO 

10 

100731 In another embodiment, the two-armed cyclic compounds correspond to formula (11) 

below: 

0 0 -O1C3  0 

HOy N~ N OH 

10 

(II) 
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wherein 

A is H, CH 3 or CH(R)COOH, wherein R is H or an alkyl group comprising 1, 2 or 3 

carbons; and 

B is H, CH 3 or CH(R)COOH, wherein R is H or an alkyl group comprising 1, 2 or 3 

5 carbons.  

[0074] In some embodiments, A is the same as B. In other embodiments, A is different than 

B.  

[0075] In some embodiments, R is substituted by a hydroxyl or ester group.  

[00761 In some embodiments, a CTA as described herein can also be synthesized starting with 

10 two non-cyclic molecules such as: 

R 

OO RO RS R2 

OCH 3 and OCH3 

[0077] One of ordinary skill in the art will appreciate that the compound of formula (I) may 

exhibit the phenomena of tautomerism, conformational isomerism and/or geometric isomerism.  

15 It should be understood that the invention encompasses any tautomeric, conformational isomeric 

and/or geometric isomeric forms of formula (I) as well as mixtures of these various different 

isomeric forms. The invention also is meant to encompass atropisomers. Formula (I) may be in 

the form of a salt. Such salts include salts suitable for pharmaceutical uses ("pharmaceutically

acceptable salts"), salts suitable for veterinary uses, and the like. Such salts may be derived from 

20 acids or bases, as is well-known in the art.  

VI. Compounds and Compositions 

[0078] Contained herein are studies on two of the compounds derived from the base structure 

shown above: 3-hydroxy-2-methoxy-cyclo-2-enone and 2-methoxy-cyclohex-2-enone-3-amino 

acetic acid. In both cases, the absorptivity of these two compounds were studied. In addition, 

25 photostability of these two compounds were also assessed by taking a second UV absorption 

spectra after exposing the compounds to UV. Photostability of sun screening compounds are of 

critical importance as a compound would be completely ineffective if they lose their UV 

absorptive qualities shortly after being exposed to solar radiation. In addition to identifying 

compounds that are UV absorbers, it was also discovered that combining the novel compounds 

30 with various chemical and physical known UV absorbing and reflecting compounds had a 
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surprising effect of increasing the overall absorption capabilities of the resulting composition as 

well as being more stable when exposed to UV light.  

[0079] Turning to FIG. 1, the absorption spectra for 3-hydroxy-2-methoxy-cyclo-2-enone 

absorbs most strongly around 262 nm but its absorbance drops off by approximately half at 320 

5 nm. A first spectrum 110 is shown for avobenzone. Avobenzone is an example for a known 

chemical UV absorber that can be combined. A second spectrum 120 is for 3-hydroxy-2

methoxy-cyclo-2-enone (labeled TopChemI in the drawing). A third spectrum 130 is a 

spectrum corresponding to a ratio of 3-hydroxy-2-methoxy-cyclo-2-enone to avobenzone of 1:2.  

And a fourth spectrum 140 is spectrum corresponding to a ratio of 3-hydroxy-2-methoxy-cyclo

10 2-enone to avobenzone of 2:1.  

[00801 Staying with FIG. 1, while both 3-hydroxy-2-methoxy-cyclo-2-enone and 

avobenzone had relatively low 320 nm and 400 nm, the combination of 3-hydroxy-2-methoxy

cyclo-2-enone and avobenzone, especially at a 1:2 ratio of 3-hydroxy-2-methoxy-cyclo-2-enone 

with avobenzone provided substantial UV absorption between 320 nm and 390 nm. The increase 

15 in UV absorptive abilities of the combined compounds is surprising because it surpasses the 

additive effects of each compound singularly and provides for UV absorption at a wavelength 

range that would be considered poor for each compound alone.  

[0081] Turning to FIG. 2, this set of spectra show the effects of UV exposure on 3-hydroxy

2-methoxy-cyclo-2-enone, avobenzone, and combinations thereof over a wavelength range of 

20 290 nm and 400 nm. A first spectrum 210 and a second spectrum 212 are for avobenzone before 

and after UV exposure. A third spectrum 220 and a fourth spectrum 222 are for 3-hydroxy-2

methoxy-cyclo-2-enone before and after UV exposure, respectively. A fifth spectrum 230 and a 

sixth spectrum 232 correspond to a combination of 3-hydroxy-2-methoxy-cyclo-2-enone and 

avobenzone at a ratio of 1:2 before and after UV exposure, respectively. Finally, a seventh 

25 spectrum 240 and an eighth spectrum 242 correspond to a combination of 3-hydroxy-2-methoxy

cyclo-2-enone and avobenzone at a ratio of 2:1 before and after UV exposure, respectively.  

[00821 While both 3-hydroxy-2-methoxy-cyclo-2-enone and avobenzone on their own 

behaved as expected where after UV exposure, their respective UV absorptive abilities dropped 

overall, but most dramatically within the wavelength ranges where they were most absorptive 

30 prior to UV exposure, the UV absorption of the combined compounds at both the 1:2 and 2:1 

ratio increased after UV exposure. This was especially surprising for the composition containing 

a 1:2 ratio of 3-hydroxy-2-methoxy-cyclo-2-enone and avobenzone.  
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[0083] Next, similar tests were performed on 2-methoxy-cyclohex-2-enone-3-amino acetic 

acid and can be seen in FIGS. 3 and 4. In FIG. 3, a first spectrum 310 is shown for avobenzone.  

A second spectrum 320 is for 2-methoxy-cyclohex-2-enone-3-amino acetic acid (labeled 

TopChem_2 in the drawing). A third spectrum 330 is a spectrum corresponding to a ratio of 2

5 methoxy-cyclohex-2-enone-3-amino acetic acid to avobenzone of 1:2. And a fourth spectrum 

340 is spectrum corresponding to a ratio of 2-methoxy-cyclohex-2-enone-3-amino acetic acid to 

avobenzone of 2:1.  

[00841 2-methoxy-cyclohex-2-enone-3 -amino acetic acid absorbs most strongly at a 

wavelength of 302 nm and maintains a fairly steady absorption pattern for the entire range of 

10 wavelengths between 290 nm and 400 nm. Similar to results for 3-hydroxy-2-methoxy-cyclo-2

enone and avobenzone, the combination of 2-nethoxy-cyclohex-2-enone-3-amino acetic acid 

with avobenzone at a 1:2 ratio increased the UV absorptive qualities of the composition to 

greater than that for 2-methoxy-cyclohex-2-enone-3-amino acetic acid and avobenzone alone.  

[00851 FIG. 4 shows the photostability of 2-methoxy-cyclohex-2-enone-3-amino acetic acid 

15 and avobenzone alone and in combination. This set of spectra show the effects of UV exposure 

on 2-methoxy-cyclohex-2-enone-3-amino acetic acid, avobenzone, and combinations thereof 

over a wavelength range of 290 nm and 400 nm. A first spectrum 410 and a second spectrum 

412 are for avobenzone before and after UV exposure. A third spectrum 420 and a fourth 

spectrum 422 are for 2-methoxy-cyclohex-2-enone-3-amino acetic acid before and after UV 

20 exposure, respectively. A fifth spectrum 430 and a sixth spectrum 432 correspond to a 

combination of 2-methoxy-cyclohex-2-enone-3-amino acetic acid and avobenzone at a ratio of 

1:2 before and after UV exposure, respectively. A seventh spectrum 440 and an eighth spectrum 

442 correspond to a combination of 2-methoxy-cyclohex-2-enone-3-amino acetic acid and 

avobenzone at a ratio of 2:1 before and after UV exposure, respectively. Finally, where overlaps 

25 in different spectra occur, multiple number are noted for a particular segment of the spectra. For 

instance, at a wavelength between 360 nm and 370 nm, the second spectrum 412 for UV exposed 

avobenzone and the fourth spectrum 422 for UV exposed 2-methoxy-cyclohex-2-enone-3 -amino 

acetic acid overlap at that range as indicated by the two numbers pointing to that segment of 

spectra.  

30 [00861 The results of this photostability test remain consistent with the previous findings that 

combining avobenzone with the chemically synthesized molecules of this invention causes the 

composition to retain its UV absorptive qualities and in some instances, has the potential to 

increase the UV absorptive qualities to greater than each of the components on their own.  
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[0087] The results from testing both 3-hydroxy-2-methoxy-cyclo-2-enone and 2-methoxy

cyclohex-2-enone-3-amino acetic acid bring promise that other chemically synthesized 

compounds lacking the chiral center of naturally occurring MAA will behave similarly when 

combined with other UV absorbing compounds in addition to avobenzone. The formulations 

5 outlined above may be combined with other known UV absorbers and/or reflectors such as 

Avobenzone, Benzophenones, Cinoxate, Dioxybenzone, Menthyl anthranilate, Octyl 

methoxycinnamate, Octyl salicylate, Padimate 0, Phenylbenzimidazole sulfonic acid , 

Sulisobenzone, Titanium dioxide, Trolamine salicylate, TEA salicylate, Zinc oxide, Ensulizole, 

Meradimate, Octisalate, amiloxate, bemotrizinol, Bemotrizinol-bis-ethylhexyloxyphenol 

10 methoxyphenyl, bisoctrizole, diethylhexyl butamido triazone, drometrizole trisiloxane, ecamsule, 

enzacamene, octyl triazone, ACETAMINOPHEN, octylcrylene, octinoxate, octisalate, 

oxybenzone, homosalate, Helioplex, 4-MBC, Mexoryls- terephthalylidene dicamphor sulfonic 

acid: mexoryl SX and XL, Tinosorb S and M, Uvinul T 150, styrene/acrylate copolymer, 

Phenylethyl Benzoate, calcium aluminum borosilicate/sodium borosilicate beads and Uvinal A 

15 Plus, and derivatives of thereof. Furthermore, a natural extension from the results of the novel 

compounds described herein with avobenzone can also be extended to physical sun screens 

and/or reflectors such as titanium oxide and zinc oxide.  

[00881 Next, the class of compounds that belong to Formulation (1), Formulation (II), and 

Formulation (III) are expected to absorb at wavelengths that will vary with the 290 nm to 400 nm 

20 range. For example, 2-methoxy-3-(imino glycine) cyclohex-1-ene-amino acetic acid and 2

methoxy-3-{(4-methoxyphenyl) imino} cyclohex-1-ene amino acetic acid have their maximum 

absorption at 327 nm and 337 nm, respectively. It is quite likely that when, 2-methoxy-3-(imino 

glycine) cyclohex-1-ene-amino acetic acid and 2-methoxy-3-{(4-methoxyphenyl) imino} 

cyclohex-1-ene amino acetic acid, when combined with a second UV absorber will shift the 

25 maximum absorbing wavelength to a longer wavelength as was the case with 3-hydroxy-2

methoxy-cyclo-2-enone and 2-methoxy-cyclohex-2-enone-3-amino acetic acid. Having 

compounds that absorb at these greater wavelengths is especially advantageous as sunscreen 

coverage of the UVA range (315 nm to 400 nm) by commercially available sunscreens is 

inadequate.  

30 [0089] Along the same lines as mentioned in the previous paragraph, it is possible then to 

select for certain wavelength ranges by selecting the RI and R2 groups that are present in the 

compound as well as varying the RI and R2 groups of the compounds within the composition.  

This also brings up the possibility of compositions of UV absorbing agents derived from a 

combination of compounds contained with Formulation (I), Formulation (II), and Formulation 
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(III). It appears that unlike other UV absorbers that degrade in the presence of other UV 

absorbers, these novel compounds, when combined, actually possess higher UV absorbing 

characteristics.  

VII. Topical Formulations 

5 [0090] The compositions according to the disclosure may be formulated for topical 

administration according to techniques that are well known to one skilled in this art. Without 

intending to be limiting, but for the purposes of exemplary embodiments, it is contemplated that 

the topical formulation may be a gel, ointment, lotion, emulsion, cream, foam, mousse, liquid, 

spray, suspension, dispersion or aerosol. The formulation includes one or more excipients to 

10 provide the desired form and a desired viscosity, flow or other physical or chemical 

characteristic for effective application, coverage and adhesion to the skin.  

[0091] Excipients in the formulation are selected based on the type of formulation intended.  

Standard excipients include gelatin, casein, lecithin, gum acacia, cholesterol, tragacanth, stearic 

acid, benzalkonium chloride, calcium stearate, glyceryl monostearate, cetostearyl alcohol, 

15 cetomacrogol emulsifying wax, sorbitan esters, polyoxyethylene alkyl ethers, polyoxyethylene 

castor oil derivatives, polyoxyethylene sorbitan fatty acid esters, polyethylene glycols, 

polyoxyethylene stearates, colloidol silicon dioxide, phosphates, sodium dodecyl sulfate, 

carboxymethylcellulose calcium, carboxymethylcellulose sodium, methylcellulose, 

hydroxyethylcellulose, hydroxypropylcellulose, hydroxypropylmethycellulose phthalate, 

20 noncrystalline cellulose, magnesium aluminum silicate, triethanolamine, polyvinyl alcohol, 

polyvinylpyrrolidone, sugars, and starches.  

[0092] An emulsion is a preparation of one liquid distributed in small globules throughout 

the body of a second liquid. The dispersed liquid is the discontinuous phase, and the dispersion 

medium is the continuous phase. When oil is the dispersed liquid and an aqueous solution is the 

25 continuous phase, it is known as an oil-in-water emulsion, whereas when water or aqueous 

solution is the dispersed phase and oil or oleaginous substance is the continuous phase, it is 

known as a water-in-oil emulsion. The oil phase may consist at least in part of a propellant, such 

as an HFA (hydrofluoroalkane) propellant. Either or both of the oil phase and the aqueous phase 

may contain one or more surfactants, emulsifiers, emulsion stabilizers, buffers, and other 

30 excipients. Preferred excipients include surfactants, especially non-ionic surfactants; emulsifying 

agents, especially emulsifying waxes; and liquid non-volatile non-aqueous materials, particularly 

glycols such as propylene glycol. The oil phase may contain other oily pharmaceutically 

approved excipients. For example, materials such as hydroxylated castor oil or sesame oil may 

be used in the oil phase as surfactants or emulsifiers.  
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[00931 "Emollients" are an externally applied agent that softens or soothes skin and are 

generally known in the art and listed in compendia, such as the "Handbook of Pharmaceutical 

Excipients", 4th Ed., Pharmaceutical Press, 2003. These include, without limitation, almond oil, 

castor oil, ceratonia extract, cetostearoyl alcohol, cetyl alcohol, cetyl esters wax, cholesterol, 

5 cottonseed oil, cyclomethicone, ethylene glycol palmitostearate, glycerin, glycerin monostearate, 

glyceryl monooleate, isopropyl myristate, isopropyl palmitate, lanolin, lecithin, light mineral oil, 

medium-chain triglycerides, mineral oil and lanolin alcohols, petrolatum, petrolatum and lanolin 

alcohols, soybean oil, starch, stearyl alcohol, sunflower oil, xylitol and combinations thereof. In 

one embodiment, the emollients are ethylhexylstearate and ethylhexyl palmitate.  

10 [0094] "Surfactants" are surface-active agents that lower surface tension and thereby 

increase the emulsifying, foaming, dispersing, spreading and wetting properties of a product.  

Suitable non-ionic surfactants include emulsifying wax, glyceryl monooleate, polyoxyethylene 

alkyl ethers, polyoxyethylene castor oil derivatives, polysorbate, sorbitan esters, benzyl alcohol, 

benzyl benzoate, cyclodextrins, glycerin monostearate, poloxamer, povidone and combinations 

15 thereof. In one embodiment, the non-ionic surfactant is stearyl alcohol.  

[0095] "Emulsifiers" are surface active substances which promote the suspension of one 

liquid in another and promote the formation of a stable mixture, or emulsion, of oil and water.  

Common emulsifiers are metallic soaps, certain animal and vegetable oils, and various polar 

compounds. Suitable emulsifiers include acacia, anionic emulsifying wax, calcium stearate, 

20 carbomers, cetostearyl alcohol, cetyl alcohol, cholesterol, diethanolamine, ethylene glycol 

palmitostearate, glycerin monostearate, glyceryl monooleate, hydroxpropyl cellulose, 

hypromellose, lanolin, hydrous, lanolin alcohols, lecithin, medium-chain triglycerides, 

methylcellulose, mineral oil and lanolin alcohols, monobasic sodium phosphate, 

monoethanolamine, nonionic emulsifying wax, oleic acid, poloxamer, poloxamers, 

25 polyoxyethylene alkyl ethers, polyoxyethylene castor oil derivatives, polyoxyethylene sorbitan 

fatty acid esters, polyoxyethylene stearates, propylene glycol alginate, self-emulsifying glyceryl 

monostearate, sodium citrate dehydrate, sodium lauryl sulfate, sorbitan esters, stearic acid, 

sunflower oil, tragacanth, triethanolamine, xanthan gum and combinations thereof. In one 

embodiment, the emulsifier is glycerol stearate.  

30 [0096] A "lotion" is a low- to medium-viscosity liquid formulation. A lotion can contain 

finely powdered substances that are in soluble in the dispersion medium through the use of 

suspending agents and dispersing agents. Alternatively, lotions can have as the dispersed phase 

liquid substances that are immiscible with the vehicle and are usually dispersed by means of 

emulsifying agents or other suitable stabilizers. In one embodiment, the lotion is in the form of 

35 an emulsion having a viscosity of between 100 and 1000 centistokes. The fluidity of lotions 
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permits rapid and uniform application over a wide surface area. Lotions are typically intended to 

dry on the skin leaving a thin coat of their medicinal components on the skin's surface.  

[00971 A "cream" is a viscous liquid or semi-solid emulsion of either the "oil-in-water" or 

"water-in-oil type." Creams may contain emulsifying agents and/or other stabilizing agents. In 

5 one embodiment, the formulation is in the form of a cream having a viscosity of greater than 

1000 centistokes, typically in the range of 20,000-50,000 centistokes. Creams are often time 

preferred over ointments as they are generally easier to spread and easier to remove.  

[00981 The basic difference between a cream and a lotion is the viscosity, which is 

dependent on the amount/use of various oils and the percentage of water used to prepare the 

10 formulations. Creams are typically thicker than lotions, may have various uses and often one 

uses more varied oils/butters, depending upon the desired effect upon the skin. In a cream 

formulation, the water-base percentage is about 60-75% and the oil-base is about 20-30% of the 

total, with the other percentages being the emulsifier agent, preservatives and additives for a total 

of 100%.  

15 [0099] An "ointment" is a semisolid preparation containing an ointment base and optionally 

one or more active agents. Examples of suitable ointment bases include hydrocarbon bases (e.g., 

petrolatum, white petrolatum, yellow ointment, and mineral oil); absorption bases (hydrophilic 

petrolatum, anhydrous lanolin, lanolin, and cold cream); water-removable bases (e.g., 

hydrophilic ointment), and water-soluble bases (e.g., polyethylene glycol ointments). Pastes 

20 typically differ from ointments in that they contain a larger percentage of solids. Pastes are 

typically more absorptive and less greasy that ointments prepared with the same components.  

[001001 A "gel" is a semisolid system containing dispersions of small or large molecules in a 

liquid vehicle that is rendered semisolid by the action of a thickening agent or polymeric material 

dissolved or suspended in the liquid vehicle. The liquid may include a lipophilic component, an 

25 aqueous component or both. Some emulsions may be gels or otherwise include a gel component.  

Some gels, however, are not emulsions because they do not contain a homogenized blend of 

immiscible components. Suitable gelling agents include, but are not limited to, modified 

celluloses, such as hydroxypropyl cellulose and hydroxyethyl cellulose; Carbopol homopolymers 

and copolymers; and combinations thereof. Suitable solvents in the liquid vehicle include, but 

30 are not limited to, diglycol monoethyl ether; alklene glycols, such as propylene glycol; dimethyl 

isosorbide; alcohols, such as isopropyl alcohol and ethanol. The solvents are typically selected 

for their ability to dissolve the drug. Other additives, which improve the skin feel and/or 

emolliency of the formulation, may also be incorporated. Examples of such additives include, but 

are not limited, isopropyl myristate, ethyl acetate, C12-C15 alkyl benzoates, mineral oil, 

35 squalane, cyclomethicone, capric/caprylic triglycerides, and combinations thereof.  
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[00101] Foams and mousses consist of an emulsion in combination with a gaseous propellant.  

The gaseous propellant consists primarily of hydrofluoroalkanes (HFAs). Suitable propellants 

include HFAs such as 1,1,1,2-tetrafluoroethane (HFA 134a) and 1,1,1,2,3,3,3

heptafluoropropane (HFA 227), but mixtures and admixtures of these and other HFAs that are 

5 currently approved or may become approved for medical use are suitable. The propellants 

preferably are not hydrocarbon propellant gases which can produce flammable or explosive 

vapors during spraying. Furthermore, the compositions preferably contain no volatile alcohols, 

which can produce flammable or explosive vapors during use.  

[00102] Buffers are used to control pH of a composition. Preferably, the buffers buffer the 

10 composition from a pH of about 4 to a pH of about 7.5, more preferably from a pH of about 4 to 

a pH of about 7, and most preferably from a pH of about 5 to a pH of about 7. In a preferred 

embodiment, the buffer is triethanolamine.  

[00103] Preservatives can be used to prevent the growth of fungi and microorganisms.  

Suitable antifungal and antimicrobial agents include, but are not limited to, benzoic acid, 

15 butylparaben, ethyl paraben, methyl paraben, propylparaben, sodium benzoate, sodium 

propionate, benzalkonium chloride, benzethonium chloride, benzyl alcohol, cetylpyridinium 

chloride, chlorobutanol, phenol, phenylethyl alcohol, and thimerosal. In one embodiment, a 

concentration of a preservative that is effective to prevent fungal growth is selected, without 

affecting the effectiveness of the composition for its intended purposed upon topical application.  

20 VIII. Physical Sunscreens 

[00104] Sunscreens are broadly classified into two categories, i.e., chemical sunscreens and 

physical sunscreens. Unlike chemical sunscreens which comprise a UV-absorbing agent such as 

described above, physical sunscreens act by physically blocking radiation. Many sunscreen 

compositions have a combination of ingredients and may contain both physical and chemical 

25 sunscreens. Physical sunscreens include e.g., titanium dioxide and zinc oxide, and block both 

UVA and UVB radiation. In a first embodiment, a composition is herein envisioned in which a 

physical sunscreen composition is formulated to include one or more UV-absorbing agents 

described above, including that of formula (I), formula (II) or formula (III), when a physical 

sunscreen is part of formula (I), formula (II), or formula (III), and/or the physical sunscreen exist 

30 in the final formulation with formula (I), formula (II), or formula (III).  

IX. Combination Formulations 

[00105] Optimizing protection from UV radiation is sometimes best done through the use of a 

topical composition containing one, two, three or more UV-absorbing compounds. Therefore, 
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variations on the presently disclosed compositions include a combination of at least one novel 

two-armed cyclic molecule as described herein and another UV-specific compound to absorb or 

block UVA and/or UVB radiation to protect the skin. These compounds, alone or in 

combination, filter a percentage of the UV spectrum depending on the type, concentration, and 

5 intensity of chromophores used.  

100106] The filter families include, alone or in combination, and not limited to, the 

benzotriazoles, benzophenones, benzoic acids/PABA, cinnamates, salicylates, and avobenzones, 

to further protect the skin against UVA and UVB damage. Maximum loads of one or more UV 

filters present in a sunscreen composition can be up to 15-50% by weight. A UVA and UVB 

10 filter, individually, are present in an amount of about 0.25 to about 10%, 0.5 to 8%, 1 to 7.5%, 2 

to 5% or 0.5 to 5% percent by weight of the composition. When both a UVA and UVB blocker 

are used, each typically is present in an amount of about 0.5 to about 10, 0.5 to 8%, 1 to 7.5%, 2 

to 5% or 0.5 to 5% percent, by weight. Physical sunscreens are presented in amounts as high as 

10%, 20%, 25% or 30%.  

15 [001071 Examples of chemical sunscreens include: oxybenzone (benzophenone-3), tannic 

acid, uric acids, quinine salts, dihydroxy naphtholic acid, an anthranilate, phenylbenzimidazole 

sulfonic acid, and PEG-25 PABA. Further, sunscreen compounds such as dioxybenzone, 

cinoxate, ethyl 4-[bis(hydroxypropyl)]aminobenzoate, glyceryl aminobenzoate, homosalate, 

menthyl anthranilate, octocrylene, octyl methoxycinnamate, octyl salicylate, padimate A, 

20 padimate 0, red petrolatum, titanium dioxide, 4-menthylbenzylidene camphor, benzophenone-1, 

benzophenone-2, benzophenone-4, benzophenone-6, benzophenone- 12, isopropyl 

dibenzoylmethane, butyl methoxydibenzoylmethane, zotocrylene, DEA-methoxycinnamate, 

digalloyl trioleate, TEA-salicylate, or zinc oxide can be used in the present composition.  

[00108] Additional UV filters, including combinations of any two or more, are selected from 

25 the following categories (with specific examples): p-aminobenzoic acid, its salts and its 

derivatives (ethyl, isobutyl, glyceryl esters; p-dimethylaminobenzoic acid); anthranilates (o

aminobenzoates; methyl, menthyl, phenyl, benzyl, phenylethyl, linalyl, terpinyl, and 

cyclohexenyl esters); salicylates (octyl, amyl, phenyl, benzyl, menthyl (homosalate), glyceryl, 

and dipropyleneglycol esters); cinnamic acid derivatives (menthyl and benzyl esters, alpha

30 phenyl cinnamonitrile; butyl cinnamoyl pyruvate); dihydroxycinnamic acid derivatives 

(umbelliferone, methylumbelliferone, methylaceto-umbelliferone); camphor derivatives (3 

benzylidene, 4 methylbenzylidene, polyacrylamidomethyl benzylidene, benzalkonium 

methosulfate, benzylidene camphor sulfonic acid, and terephthalylidene dicamphor sulfonic 

acid); trihydroxycinnamic acid derivatives (esculetin, methylesculetin, daphnetin, and the 

35 glucosides, esculin and daphnin); hydrocarbons (diphenylbutadiene, stilbene); dibenzalacetone; 
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benzalacetophenone; naphtholsulfonates (sodium salts of 2-naphthol-3,6-disulfonic and of 2

naphthol-6,8-disulfonic acids); dihydroxy-naphthoic acid and its salts; o- and p

hydroxydiphenyldisulfonates; coumarin derivatives (7-hydroxy, 7-methyl, 3-phenyl); diazoles 

(2-acetyl-3-bromoindazole, phenyl benzoxazole, methyl naphthoxazole, various aryl 

5 benzothiazoles); quinine salts (bisulfate, sulfate, chloride, oleate, and tannate); quinoline 

derivatives (8-hydroxyquinoline salts, 2-phenylquinoline); hydroxy- or methoxy-substituted 

benzophenones; uric acid derivatives; vilouric acid derivatives; tannic acid and its derivatives; 

hydroquinone; and benzophenones (oxybenzone, sulisobenzone, dioxybenzone, benzoresorcinol, 

octabenzone, 4-isopropyldibenzoylmethane, butylmethoxydibenzoylmethane, etocrylene, and 4

10 isopropyl-dibenzoylmethane).  

[00109] In another embodiment, the composition envisioned can also include at least one 

chemical sunscreen component such as one selected from the list above. It would also be 

reasonable to include greater than one chemical sun blocking component to broaden the 

wavelength coverage profile of the overall composition. Evidence of increased photostability and 

15 increased UV absorptive characteristics from a combination formulation has been shown here.  

Furthermore, it is also conceived that the composition includes a combination of compounds 

having chemical structures found in Formula (I), Formula (II), and/or Formula (III).  

X. Additional Components 

20 [00110] The compositions of the invention can further include components such as insect 

repelling components. The most widely used insect repelling active agent for personal care 

products is N,N-Diethyl-m-toluamide, frequently called "DEET" and available in the form of a 

concentrate containing at least about 95 percent DEET. Other synthetic chemical repellents 

include ethyl butylacetylaminoproprionate (also known as IR 3535), dimethyl phthalate, ethyl 

25 hexanediol, indalone, di-n-propylisocinchoronate, bicycloheptene, dicarboximide and 

tetrahydrofuraldehyde. Certain plant-derived materials also have insect repellent activity, 

including citronella oil and other sources of citronella (including lemon grass oil), limonene, 

rosemary oil and eucalyptus oil. Choice of an insect repellent for incorporation into the 

sunscreen emulsion will frequently be influenced by the odor of the repellent. The amount of 

30 repellent agent used will depend upon the choice of agent; DEET is useful at high 

concentrations, such as up to about 15 percent or more, while some of the plant-derived 

substances are typically used in much lower amounts, such as 0.1 percent or less.  

[00111] Yet another component that can be included in the compositions thus far described 

are natural components that aim to sooth the skin. Having natural components that help soothe 
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and potentially protect the user's skin while wearing the composition under sun exposure can be 

beneficial to the user's skin health. Natural components include but are not limited to aloe, witch 

hazel, willow bark, bromelain, turmeric, and chamomile.  

XI. Protection from Ultraviolet Radiation 

5 [00112] The compounds of the present disclosure are effective in absorbing UV radiation in 

the range of 290 nm to 400 nm. In alternative embodiments, one or more of the compounds 

absorbs UV radiation in the range of 300 nm to 390 nm, 310 nm to 400 nm, 320 nm to 400 nm, 

310 nm to 380 nm, 310 nm to 370 nm, or 310 to 365 nm. Accordingly, when a topical 

composition is formulated to comprise the protective compound as described above, the topical 

10 composition will protect a subject from sunburn or sun damage when the subject is exposed to, 

for example, sun light or other source of UVA and/or UVB radiation.  

[001131 It is understood that the protection afforded by a topical composition depends on a 

number of factors, such as the concentration of the UV-absorbing agent(s) in the topical 

composition, the thickness at which the topical composition is applied to the skin, and the UV 

15 radiation intensity (e.g., current UV index) at the time of application and use. In some 

embodiments, the topical composition comprising the UV-absorbing agent(s) reduces or prevents 

sunburn or erythema/pigmentation of the skin caused by UVA and/or UVB radiation.  

[001141 A topical composition can be formulated to reduce or prevent sunburn or 

erythema/pigmentation of the skin caused by UVA and/or UVB radiation when the composition 

20 is formulation to contain at least 0.05 wt%, 0.5 wt%, 0.1 wt%, 10 wt%, 20 wt%, 40 wt% or 50 

wt%. In another embodiment, the topical composition comprises 0.05 wt% to 50 wt%, 10 wt% 

to 40 wt%, 25 wt% to 50 wt% or 20 wt% to 40 wt% of the UVR-absorbing compound or 

pharmaceutically acceptable salt thereof.  

25 XII. Methods of Use 

[00115] Topical application of the compositions of the present disclosure to the hair or skin of 

a subject will provide enhanced protection against deleterious effects of ultraviolet radiation 

(UVR). Thus, the subject invention further provides a method for protecting skin and/or hair 

against the deleterious effects of solar radiation, more particularly UVR, which method 

30 comprises topically applying thereto an effective amount of the sunscreen compositions as 

described herein. An esthetically beneficial result of exposure of skin to UVR (i.e., light 

radiation wavelengths of from 280 nm to 400 nm) is the promotion of tanning of the epidermis.  

Another benefit of sun exposure comes from production of vitamin D within the skin. UVR is 

typically divided into UV-A (light wavelengths from 320 to 400 nm) and UV-B (wavelengths 
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ranging from 280 to 320 nm) regions. Overexposure to UV-B irradiation is generally understood 

to lead to skin burns and erythema. In addition, overexposure to UV-A radiation may cause a 

loss of elasticity of the skin and the appearance of wrinkles, promoting premature skin aging.  

Such irradiation promotes triggering of the erythemal reaction or amplifies this reaction in 

5 certain individuals and may even be the source of phototoxic or photoallergic reactions. It is 

increasingly believed that overexposure to UV-A may also lead to melanoma. Thus, the 

application of the compositions of the invention to the skin and/or hair of an individual will 

provide enhanced UVR photoprotection (UV-A and/or UV-B) of the skin and/or hair of the 

individual.  

1o [00116] The compositions of the disclosure are intended to provide a sun protection factor 

(SPF) rating of at least 2, with additional preferable embodiments having a sun protection factor 

of at least 5, at least 10, at least 15, at least 20, at least 25, at least 30, at least 35, at least 40, at 

least 45, at least 50, and at least 55.  

XI. Examples 

15 [00117] The following examples are illustrative in nature and are in no way intended to be 

limiting.  

EXAMPLE 1 

Synthesis of 

20 Cyclohexen- 1 -[2-hydroxy- 1

(hydroxymethyl)ethyl]amino]-2- Methoxy-3- N-[3-[(carboxymethyl)amino]- ylidenevia 

Cyclohexane 

[00118] The compounds of formula (I) may be prepared according to the routes described 

25 below and in the article by White et al., J. Org. Chem. 1995, 60:3600-3611 and the article by 

White et al., J. Am. Chem. Soc., 1989, 111:8970-8972.  

27CO 
H~-)H 

CAS! 1(97M 
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NO,, 

ar 'IQ 
N, N WOQ 

HO4 

NO / idl - 4 10~ HO 

44rJ44 

NO 

H~H0W 

+ 49 

HyC HKV 41 

NN 

10 

EXAMPLE 2 

15 Synthesis of Cyclohexen- 1 -[2-hydroxy- 1 

(hydroxymethyl)ethyl]amino]-2- Methoxy-3- N-[3-[(carboxymethyl)amino]- ylidene via 

Cyclohcxane 
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[001191 The compounds of formula (I) may also be prepared according to the route described 

in the article by Padwa and Koehler, J. Chem. Soc., Chem. Commun., 1986, 10:789-790.  

CO2H 

Br Br HO NH 

H(CO OH Hg(C104)2.H20, THF, CHCl3, AcOH H3CO 1 (2) 

HC--Si---CH 

H3CO OHH 3CO OH L..: 
H 3 003 

CAS: 109765-53-9 

CH, CO2H CO2H 

C02H C02H 

H H3C-SiCH3  

HO N HO 

H3CO H02C NH 

H3CO (3) lithium - 50 OC H3CO (4) + 
+ H2N ~CO2H 

HO2C N H3CO 

H3CO H3CO H 

(5) F3CCO2HIDMSO 
RT 

CO2H 

N 
OH 

OCH3 

N CO2H 
5 H 

10 

15 EXAMPLE 3 

[00120] Synthesis of 3-Hydroxy- 2-methoxy-cyclo-2-enone (TopCHEMI), 2- methoxy

cyclohex-2-enone-3-amino acetic acid- TopCHEM-2), 2- methoxy-3-(imino glycine) cyclohex 

1-ene-amino acetic acid (TopCHEM3).  
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00 

1 2 1 

TopCHE 

hMl 

Ran N.Cle 

TopCHEM2 

TopCHEM3 
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EXAMPLE 4 

[00121] Synthesis of 2-Methoxy-3-{(4-methoxyphenyl)imino} cyclohex-1-ene amino acetic 

acid (TopCHEM4) 

O 

O C1 
Oxalyl Chloride O NH2 

O DCM ON IPA 
H H 

O O 

N NaOH N 
O O 

I 30% over 3stepsI 
O OH 

H H 
0 0 

Purified by Reverse Phase Chromatography 
5 Light brown powder 
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CLAIMS 

What is claimed is: 

1. A compound of formula (I): 

OgCH 3 

R, R2 

5 (CH 2)n 

(I) 

wherein: 

R1 is: 

=0, or -OH, or -NH, or -CH 2-COO ,or, -NH-CH 2-COO~ or, 

0 0 0 

N N " 
1 N OH OHor N(CH ) 1OH.  

-NH H 

coHCOO~ H 

oHHO CH3 

H 

-- N coo
H O H 

H 

H 
- -N c CH N --1HH C 

HO HaC 

H 

CH' CHC 

HN CO \ -* OH C-H 

H3C CHj ".000
15 \OH or, 

R2 is: =0, or -OH,-NH, -CH 2-COO~, -NH-CH2-COO~, 
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O 0 0 

N OH , OH NCH)mOH 

-NH H 

- --oo- 
H 

OH 

OH -- N C00' ~ 00 H 

IN '' COO" 

5 ,H 
H 

-- ool HCH ~ 
HC C-N 0(OO~C 

CHH 

5 

H H 

OH N\OH N 

1CH HC o (C)' 

HIC O H, \OH oIe co 

n 1, 2, 3 or 4; and 

m 31, 2, 3, 4, 5, 6, 7, 8 or 9; and 

-- NH 

CO 

H 

0 0 

OH N Nc 
l0 wherein when R, is: or, -CH 2 -CO&, or -"OH or H)O 

and 
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-NH 

COH 0 0 

OH N ON (CH 
R 2 is or, -CH2-COO, or or m ; 

and the bond between the N of R2 and the aromatic ring is a double bond.  

2. The compound of claim 1, wherein R1 and R2 are the same.  

3. A topical composition, comprising a compound of claim 1, a chemical sunscreen, a 

5 physical sunscreen, a pharmaceutically acceptable carrier, or a combination thereof.  

4. The topical composition of claim 3, wherein the physical sunscreen comprising either 

zinc oxide or titanium oxide.  

5. The topical composition of claim 3, wherein the chemical sunscreen comprising: 

benzotriazoles, benzophenones, benzoic acids/PABA, cinnamates, salicylates, 

10 avobenzones oxybenzone (benzophenone-3), tannic acid, uric acids, quinine salts, 

dihydroxy naphtholic acid, an anthranilate, phenylbenzimidazole sulfonic acid, and PEG

25 PABA. Further, sunscreen compounds such as dioxybenzone, cinoxate, ethyl 4

[bis(hydroxypropyl)]aminobenzoate, glyceryl aminobenzoate, homosalate, menthyl 

anthranilate, octocrylene, octyl methoxycinnamate, octyl salicylate, padimate A, 

15 padimate 0, red petrolatum, titanium dioxide, 4-menthylbenzylidene camphor, 

benzophenone-1, benzophenone-2, benzophenone-4, benzophenone-6, benzophenone-12, 

isopropyl dibenzoylmethane, butyl methoxydibenzoylmethane, zotocrylene, DEA

methoxycinnamate, digalloyl trioleate, and/or TEA-salicylate.  

6. The topical composition of claim 3, further comprising an additional UV filter, wherein 

20 the additional UV filter comprising: 

p-aminobenzoic acid, its salts and its derivatives (ethyl, isobutyl, glyceryl esters; p

dimethylaminobenzoic acid); anthranilates (o-aminobenzoates; methyl, menthyl, phenyl, 

benzyl, phenylethyl, linalyl, terpinyl, and cyclohexenyl esters); salicylates (octyl, amyl, 

phenyl, benzyl, menthyl (homosalate), glyceryl, and dipropyleneglycol esters); cinnamic 

25 acid derivatives (menthyl and benzyl esters, alpha-phenyl cinnamonitrile; butyl 

cinnamoyl pyruvate); dihydroxycinnamic acid derivatives (umbelliferone, 

methylumbelliferone, methylaceto-umbelliferone); camphor derivatives (3 benzylidene, 4 

methylbenzylidene, polyacrylamidomethyl benzylidene, benzalkonium methosulfate, 

benzylidene camphor sulfonic acid, and terephthalylidene dicamphor sulfonic acid); 
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trihydroxycinnamic acid derivatives (esculetin, methylesculetin, daphnetin, and the 

glucosides, esculin and daphnin); hydrocarbons (diphenylbutadiene, stilbene); 

dibenzalacetone; benzalacetophenone; naphtholsulfonates (sodium salts of 2-naphthol

3,6-disulfonic and of 2-naphthol-6,8-disulfonic acids); dihydroxy-naphthoic acid and its 

5 salts; o- and p-hydroxydiphenyldisulfonates; coumarin derivatives (7-hydroxy, 7-methyl, 

3-phenyl); diazoles (2-acetyl-3-bromoindazole, phenyl benzoxazole, methyl 

naphthoxazole, various aryl benzothiazoles); quinine salts (bisulfate, sulfate, chloride, 

oleate, and tannate); quinoline derivatives (8-hydroxyquinoline salts, 2-phenylquinoline); 

hydroxy- or methoxy-substituted benzophenones; uric acid derivatives; vilouric acid 

10 derivatives; tannic acid and its derivatives; hydroquinone; and benzophenones 

(oxybenzone, sulisobenzone, dioxybenzone, benzoresorcinol, octabenzone, 4

isopropyldibenzoylmethane, butylmethoxydibenzoylmethane, etocrylene, and/or 4

isopropyl-dibenzoylmethane).  

7. The topical composition of claim 3, wherein the compound is present as an oil-in-water 

15 or a water-in-oil emulsion.  

8. The topical composition of claim 3, wherein at the time of initial application the 

composition has a sun protection factor (SPF) of at least 2, 15, 30, 50 or 60.  

9. The topical composition of any one of claims 3, wherein the compound is present in the 

composition at a concentration of about 0.05 wt% to 60 wt%.  

20 10. The topical composition of claim 3, further comprising a second compound which 

absorbs UVA and/or UVB radiation and is capable of providing protection against 

sunburn and skin-ageing, skin damage, and DNA damage.  

11. The topical composition of claim 3, further comprising a second compound, or more 

than one compound which absorbs UVA and/or UVB radiation, to having a critical 

25 wavelength value (90% of absorbance) measurement higher than the critical wavelength 

value of each ingredient obtaining by itself (lamda shift).  

12. The topical composition of claim 3, further comprising a second compound, or more than 

one compound which absorbs UVA and/or UVB radiation, reducing the percentage of 

differences, of the ration UVA:UVB, from before to after any UV exposure (lamda shift).  

30 13. The topical composition of claim 3, further comprising a second compound, or more than 

one compound which absorbs UVA and/or UVB radiation, reducing the percentage of 

differences, of the ration UVA:UVB, from before to after any UV exposure (lamda shift).  
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14. The topical composition of claim 3, further comprising a second compound, or more 

than one compound that absorbs UVA and/or UVB radiation, shifting total absorbance 

towards the visible spectrum (400nm) (lamda shift).  

15. The topical composition of claim 3, further comprising a second compound, or more than 

5 one compound that absorbs UVA and/or UVB radiation, increasing total of absorbance, 

higher than the absorbance value of each ingredient obtaining by itself (lamda shift) 

16. The topical composition of claim 3, further comprising a second compound, or more than 

one compound that absorbs UVA and/or UVB radiation, allowing to reduce the 

concentration of more than one compound that absorbs UVA and/or UVB, in a 

10 formulation, carrier, lotion, gel or spray, and keeping SPF value above 2.  

17. The topical composition of claim 3, further comprising a second compound, or more than 

one compound that absorbs UVA and/or UVB radiation, having a higher value (lamda 

shift) of higher water resistance value, than each ingredient obtaining by itself.  

18. The topical composition of claim 3, further comprising a second compound, or more than 

15 one compound that absorbs UVA and/or UVB radiation, having a higher value of UVA 

to UVB 

19. The topical composition of claim 3, further comprising a second compound, or more 

than one compound that absorbs UVA and/or UVB radiation, to reduce contact of UV 

radiation with human skin 

20 20. A compound of formula (II): 

0 011'CH3 O 

0 N N 
HO - OH 

A B 

(II) 

wherein 

A is H, CH 3 or CH(R)COOH, wherein R is H or an alkyl group comprising 1, 2 or 3 

25 carbons; and 

B is H, CH 3 or CH(R)COOH, wherein R is H or an alkyl group comprising 1, 2 or 3 

carbons.  

21. A topical composition, comprising a compound of claim 20, a chemical sunscreen, a 

physical sunscreen, a pharmaceutically acceptable carrier, or a combination thereof.  
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22. The topical composition of claim 21, wherein the physical sun block comprising either 

zinc oxide or titanium oxide.  

23. The topical composition of claim 21, wherein the chemical sunscreen comprising: 

benzotriazoles, benzophenones, benzoic acids/PABA, cinnamates, salicylates, 

5 avobenzones oxybenzone (benzophenone-3), tannic acid, uric acids, quinine salts, 

dihydroxy naphtholic acid, an anthranilate, phenylbenzimidazole sulfonic acid, and PEG

25 PABA. Further, sunscreen compounds such as dioxybenzone, cinoxate, ethyl 4

[bis(hydroxypropyl)]aminobenzoate, glyceryl aminobenzoate, homosalate, menthyl 

anthranilate, octocrylene, octyl methoxycinnamate, octyl salicylate, padimate A, 

10 padimate 0, red petrolatum, titanium dioxide, 4-menthylbenzylidene camphor, 

benzophenone-1, benzophenone-2, benzophenone-4, benzophenone-6, benzophenone-12, 

isopropyl dibenzoylmethane, butyl methoxydibenzoylmethane, zotocrylene, DEA

methoxycinnamate, digalloyl trioleate, and/or TEA-salicylate.  

24. The topical composition of claim 21, further comprising an additional UV filter, wherein 

15 the additional UV filter comprising: 

p-aminobenzoic acid, its salts and its derivatives (ethyl, isobutyl, glyceryl esters; p

dimethylaminobenzoic acid); anthranilates (o-aminobenzoates; methyl, menthyl, phenyl, 

benzyl, phenylethyl, linalyl, terpinyl, and cyclohexenyl esters); salicylates (octyl, amyl, 

phenyl, benzyl, menthyl (homosalate), glyceryl, and dipropyleneglycol esters); cinnamic 

20 acid derivatives (menthyl and benzyl esters, alpha-phenyl cinnamonitrile; butyl 

cinnamoyl pyruvate); dihydroxycinnamic acid derivatives (umbelliferone, 

methylumbelliferone, methylaceto-umbelliferone); camphor derivatives (3 benzylidene, 4 

methylbenzylidene, polyacrylamidomethyl benzylidene, benzalkonium methosulfate, 

benzylidene camphor sulfonic acid, and terephthalylidene dicamphor sulfonic acid); 

25 trihydroxycinnamic acid derivatives (esculetin, methylesculetin, daphnetin, and the 

glucosides, esculin and daphnin); hydrocarbons (diphenylbutadiene, stilbene); 

dibenzalacetone; benzalacetophenone; naphtholsulfonates (sodium salts of 2-naphthol

3,6-disulfonic and of 2-naphthol-6,8-disulfonic acids); dihydroxy-naphthoic acid and its 

salts; o- and p-hydroxydiphenyldisulfonates; coumarin derivatives (7-hydroxy, 7-methyl, 

30 3-phenyl); diazoles (2-acetyl-3-bromoindazole, phenyl benzoxazole, methyl 

naphthoxazole, various aryl benzothiazoles); quinine salts (bisulfate, sulfate, chloride, 

oleate, and tannate); quinoline derivatives (8-hydroxyquinoline salts, 2-phenylquinoline); 

hydroxy- or methoxy-substituted benzophenones; uric acid derivatives; vilouric acid 
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derivatives; tannic acid and its derivatives; hydroquinone; and benzophenones 

(oxybenzone, sulisobenzone, dioxybenzone, benzoresorcinol, octabenzone, 4

isopropyldibenzoylmethane, butylmethoxydibenzoylmethane, etocrylene, and/or 4

isopropyl-dibenzoylmethane).  

5 25. The topical composition of claim 21, wherein the compound is present as an oil-in-water 

or a water-in-oil emulsion.  

26. The topical composition of claim 21, wherein at the time of initial application the 

composition has a sun protection factor (SPF) of at least 2, 15, 30, 50 or 60.  

27. The topical composition claim 21, wherein the compound is present in the composition at 

10 a concentration of about 0.05 wt% to 60 wt%.  

28. The topical composition of claim 21, further comprising a second compound which 

absorbs UVA and/or UVB radiation and is capable of providing protection against 

sunburn, and skin-ageing, skin damage, and DNA damage.  

29. The topical composition of claim 21, further comprising a second compound, or more 

15 than one compound which absorbs UVA and/or UVB radiation, to having a critical 

wavelength value (90% of absorbance) measurement higher than the critical wavelength 

value of each ingredient obtaining by itself (lamda shift).  

30. The topical composition of claim 21, further comprising a second compound, or more 

than one compound which absorbs UVA and/or UVB radiation, reducing the percentage 

20 of differences, of the ration UVA:UVB, from before to after any UV exposure (lamda 

shift).  

31. The topical composition of claim 21, further comprising a second compound, or more 

than one compound which absorbs UVA and/or UVB radiation, reducing the percentage 

of differences, of the ration UVA:UVB, from before to after any UV exposure (lamda 

25 shift).  

32. The topical composition of claim 21, further comprising a second compound, or more 

than one compound that absorbs UVA and/or UVB radiation, shifting total absorbance 

towards the visible spectrum (400nm) (lamda shift).  

33. The topical composition of claim 21, further comprising a second compound, or more 

30 than one compound that absorbs UVA and/or UVB radiation, increasing total of 

absorbance, higher than the absorbance value of each ingredient obtaining by itself 

(lamda shift) 

34. The topical composition of claim 21, further comprising a second compound, or more 

than one compound that absorbs UVA and/or UVB radiation, allowing to reduce the 

38



WO 2015/195546 PCT/US2015/035803 

concentration of more than one compound that absorbs UVA and/or UVB, in a 

formulation, carrier, lotion, gel or spray, and keeping SPF value above 2.  

35. The topical composition of claim 21, further comprising a second compound, or more 

than one compound that absorbs UVA and/or UVB radiation, having a higher value 

5 (lamda shift) of higher water resistance value, than each ingredient obtaining by itself.  

36. The topical composition of claim 21, further comprising a second compound, or more 

than one compound that absorbs UVA and/or UVB radiation, having a higher value of 

UVA to UVB 

37. The topical composition of claim 21, further comprising a second compound, or more 

10 than one compound that absorbs UVA and/or UVB radiation, to reduce contact of UV 

radiation with human skin 

38. A compound of formula (III): 

R1 OCH3 

HN N- R2 

(CH2)n(I) 

where n is selected from 0, 1, 2, 3, and 4, 

15 R1 and R2 are each independently -(CH 2)m-COOH or -(CH2)y-CH(A)-COOH, where 

m is an integer ranging from 1-9, 

y is an integer ranging from 0 to 8, 

A is a C1 -C3 linear or branched alkyl or alkenyl optionally substituted at one or more 

carbon atoms with hydroxy or -C(O)OR 3, where R3 is an ester group, and when C taken together 

20 with A forms a double bond, the H in CH(A) is absent.  

39. The compound of claim 38, where n is 1, 2, 3, or 4.  

40. The compound of any one of claims 38, where R1 and R2 are each independently selected 

from -CH 2-COOH, -(CH 2)2-COOH, -(CH 2)3-COOH, -(CH 2)4-COOH, -(CH 2)s-COOH, 

(CH 2)6-COOH, -(CH 2)7-COOH, -(CH 2)8-COOH, and -(CH 2)9-COOH.  

25 41. The compound of any one of claims 38, where y is 0 or 1.  

42. The compound of claim 38, where A is selected from the group consisting of -OH, -CH3, 

-CH 2CH 3, -CH 2CH 2CH3, -CH 2OH, -CH(CH 3)2, -CHCH30H.  

43. The compound of claim 38, wherein R1 and R2 are each independently selected from the 

group consisting of: 
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COOH - COOH COOH 

SOHOH 

OH , HO CH 3 

COOH 

-C O O C O O H C O O H 

H3C CH3 

cis or trans 

cis or trans 
COOH COOH 

COOH 

,and 

cis or trans 

H3C CH2OH 

44. The compound of any one of claims 38, where both R, and R2 are the same.  

45. The compound of any one of claims 38, where both R, and R2 are different.  

46. A topical composition, comprising a compound of claim 38, a chemical sunscreen, a 

5 physical sunscreen, a pharmaceutically acceptable carrier, or a combination thereof.  

47. The topical composition of claim 46, wherein the physical sun block comprising either 

zinc oxide or titanium oxide.  

48. The topical composition of claim 46, wherein the chemical sunscreen comprising: 

benzotriazoles, benzophenones, benzoic acids/PABA, cinnamates, salicylates, 

10 avobenzones oxybenzone (benzophenone-3), tannic acid, uric acids, quinine salts, 

dihydroxy naphtholic acid, an anthranilate, phenylbenzimidazole sulfonic acid, and PEG

25 PABA. Further, sunscreen compounds such as dioxybenzone, cinoxate, ethyl 4

[bis(hydroxypropyl)]aminobenzoate, glyceryl aminobenzoate, homosalate, menthyl 

anthranilate, octocrylene, octyl methoxycinnamate, octyl salicylate, padimate A, 

15 padimate 0, red petrolatum, titanium dioxide, 4-menthylbenzylidene camphor, 

benzophenone-1, benzophenone-2, benzophenone-4, benzophenone-6, benzophenone-12, 

isopropyl dibenzoylmethane, butyl methoxydibenzoylmethane, zotocrylene, DEA

methoxycinnamate, digalloyl trioleate, and/or TEA-salicylate.  
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49. The topical composition of claim 46, further comprising an additional UV filter, wherein 

the additional UV filter comprising: 

p-aminobenzoic acid, its salts and its derivatives (ethyl, isobutyl, glyceryl esters; p

dimethylaminobenzoic acid); anthranilates (o-aminobenzoates; methyl, menthyl, phenyl, 

5 benzyl, phenylethyl, linalyl, terpinyl, and cyclohexenyl esters); salicylates (octyl, amyl, 

phenyl, benzyl, menthyl (homosalate), glyceryl, and dipropyleneglycol esters); cinnamic 

acid derivatives (menthyl and benzyl esters, alpha-phenyl cinnamonitrile; butyl 

cinnamoyl pyruvate); dihydroxycinnamic acid derivatives (umbelliferone, 

methylumbelliferone, methylaceto-umbelliferone); camphor derivatives (3 benzylidene, 4 

10 methylbenzylidene, polyacrylamidomethyl benzylidene, benzalkonium methosulfate, 

benzylidene camphor sulfonic acid, and terephthalylidene dicamphor sulfonic acid); 

trihydroxycinnamic acid derivatives (esculetin, methylesculetin, daphnetin, and the 

glucosides, esculin and daphnin); hydrocarbons (diphenylbutadiene, stilbene); 

dibenzalacetone; benzalacetophenone; naphtholsulfonates (sodium salts of 2-naphthol

15 3,6-disulfonic and of 2-naphthol-6,8-disulfonic acids); dihydroxy-naphthoic acid and its 

salts; o- and p-hydroxydiphenyldisulfonates; coumarin derivatives (7-hydroxy, 7-methyl, 

3-phenyl); diazoles (2-acetyl-3-bromoindazole, phenyl benzoxazole, methyl 

naphthoxazole, various aryl benzothiazoles); quinine salts (bisulfate, sulfate, chloride, 

oleate, and tannate); quinoline derivatives (8-hydroxyquinoline salts, 2-phenylquinoline); 

20 hydroxy- or methoxy-substituted benzophenones; uric acid derivatives; vilouric acid 

derivatives; tannic acid and its derivatives; hydroquinone; and benzophenones 

(oxybenzone, sulisobenzone, dioxybenzone, benzoresorcinol, octabenzone, 4

isopropyldibenzoylmethane, butylmethoxydibenzoylmethane, etocrylene, and/or 4

isopropyl-dibenzoylmethane).  

25 50. The topical composition of claim 46, wherein the compound is present as an oil-in-water 

or a water-in-oil emulsion.  

51. The topical composition of claim 46, wherein at the time of initial application the 

composition has a sun protection factor (SPF) of at least 2, 15, 30, 50 or 60.  

52. The topical composition of claim 46, wherein the compound is present in the composition 

30 at a concentration of about 0.05 wt% to 60 wt%.  

53. The topical composition of claim 46, further comprising a second compound which 

absorbs UVA and/or UVB radiation and is capable of providing protection against 

sunburn, and skin-ageing, skin damage, and DNA damage.  
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54. The topical composition of claim 46, further comprising a second compound, or more 

than one compound which absorbs UVA and/or UVB radiation, to having a critical 

wavelength value (90% of absorbance) measurement higher than the critical wavelength 

value of each ingredient obtaining by itself (lamda shift).  

5 55. The topical composition of claim 46, further comprising a second compound, or more 

than one compound which absorbs UVA and/or UVB radiation, reducing the percentage 

of differences, of the ration UVA:UVB, from before to after any UV exposure (lamda 

shift).  

56. The topical composition of claim 46, further comprising a second compound, or more 

10 than one compound which absorbs UVA and/or UVB radiation, reducing the percentage 

of differences, of the ration UVA:UVB, from before to after any UV exposure (lamda 

shift).  

57. The topical composition of claim 46, further comprising a second compound, or more 

than one compound that absorbs UVA and/or UVB radiation, shifting total absorbance 

15 towards the visible spectrum (400nm) (lamda shift).  

58. The topical composition of claim 46, further comprising a second compound, or more 

than one compound that absorbs UVA and/or UVB radiation, increasing total of 

absorbance, higher than the absorbance value of each ingredient obtaining by itself 

(lamda shift) 

20 59. The topical composition of claim 46, further comprising a second compound, or more 

than one compound that absorbs UVA and/or UVB radiation, allowing to reduce the 

concentration of more than one compound that absorbs UVA and/or UVB, in a 

formulation, carrier, lotion, gel or spray, and keeping SPF value above 2.  

60. The topical composition of claim 46, further comprising a second compound, or more 

25 than one compound that absorbs UVA and/or UVB radiation, having a higher value 

(lamda shift) of higher water resistance value, than each ingredient obtaining by itself.  

61. The topical composition of claim 46, further comprising a second compound, or more 

than one compound that absorbs UVA and/or UVB radiation, having a higher value of 

UVA to UVB 

30 62. The topical composition of claim 46, further comprising a second compound, or more 

than one compound that absorbs UVA and/or UVB radiation, to reduce contact of UV 

radiation with human skin 

63. A compound of formula (1I): 

42



WO 2015/195546 PCT/US2015/035803 

0CH3  O 

HO N N ) OH 

A' B 

(II) 

wherein 

A' and B are each independently selected from the group consisting of H, CH 3 and 

5 CH(R)COOH, wherein R is H or a Cl-C3 alkyl group.  

64. A topical composition, comprising a compound of claim 63, a chemical sun block, a 

physical sun block, a pharmaceutically acceptable carrier, or a combination thereof.  

65. The topical composition of claim 64, wherein the physical sun block comprising either 

zinc oxide or titanium oxide.  

10 66. The topical composition of claim 64, wherein the chemical sunscreen comprising: 

benzotriazoles, benzophenones, benzoic acids/PABA, cinnamates, salicylates, 

avobenzones oxybenzone (benzophenone-3), tannic acid, uric acids, quinine salts, 

dihydroxy naphtholic acid, an anthranilate, phenylbenzimidazole sulfonic acid, and PEG

25 PABA. Further, sunscreen compounds such as dioxybenzone, cinoxate, ethyl 4

15 [bis(hydroxypropyl)]aminobenzoate, glyceryl aminobenzoate, homosalate, menthyl 

anthranilate, octocrylene, octyl methoxycinnamate, octyl salicylate, padimate A, 

padimate 0, red petrolatum, titanium dioxide, 4-menthylbenzylidene camphor, 

benzophenone-1, benzophenone-2, benzophenone-4, benzophenone-6, benzophenone-12, 

isopropyl dibenzoylmethane, butyl methoxydibenzoylmethane, zotocrylene, DEA

20 methoxycinnamate, digalloyl trioleate, and/or TEA-salicylate.  

67. The topical composition of claim 64, further comprising an additional UV filter, wherein 

the additional UV filter comprising: 
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p-aminobenzoic acid, its salts and its derivatives (ethyl, isobutyl, glyceryl esters; p

dimethylaminobenzoic acid); anthranilates (o-aminobenzoates; methyl, menthyl, phenyl, 

benzyl, phenylethyl, linalyl, terpinyl, and cyclohexenyl esters); salicylates (octyl, amyl, 

phenyl, benzyl, menthyl (homosalate), glyceryl, and dipropyleneglycol esters); cinnamic 

5 acid derivatives (menthyl and benzyl esters, alpha-phenyl cinnamonitrile; butyl 

cinnamoyl pyruvate); dihydroxycinnamic acid derivatives (umbelliferone, 

methylumbelliferone, methylaceto-umbelliferone); camphor derivatives (3 benzylidene, 4 

methylbenzylidene, polyacrylamidomethyl benzylidene, benzalkonium methosulfate, 

benzylidene camphor sulfonic acid, and terephthalylidene dicamphor sulfonic acid); 

10 trihydroxycinnamic acid derivatives (esculetin, methylesculetin, daphnetin, and the 

glucosides, esculin and daphnin); hydrocarbons (diphenylbutadiene, stilbene); 

dibenzalacetone; benzalacetophenone; naphtholsulfonates (sodium salts of 2-naphthol

3,6-disulfonic and of 2-naphthol-6,8-disulfonic acids); dihydroxy-naphthoic acid and its 

salts; o- and p-hydroxydiphenyldisulfonates; coumarin derivatives (7-hydroxy, 7-methyl, 

15 3-phenyl); diazoles (2-acetyl-3-bromoindazole, phenyl benzoxazole, methyl 

naphthoxazole, various aryl benzothiazoles); quinine salts (bisulfate, sulfate, chloride, 

oleate, and tannate); quinoline derivatives (8-hydroxyquinoline salts, 2-phenylquinoline); 

hydroxy- or methoxy-substituted benzophenones; uric acid derivatives; vilouric acid 

derivatives; tannic acid and its derivatives; hydroquinone; and benzophenones 

20 (oxybenzone, sulisobenzone, dioxybenzone, benzoresorcinol, octabenzone, 4

isopropyldibenzoylmethane, butylmethoxydibenzoylmethane, etocrylene, and/or 4

isopropyl-dibenzoylmethane).  

68. The topical composition of claim 64, wherein the compound is present as an oil-in-water 

or a water-in-oil emulsion.  

25 69. The topical composition of claim 64, wherein at the time of initial application the 

composition has a sun protection factor (SPF) of at least 2, 15, 30, 50 or 60.  

70. The topical composition of claim 64, wherein the compound is present in the composition 

at a concentration of about 0.05 wt% to 60 wt%.  

71. The topical composition of claim 64, further comprising a second compound which 

30 absorbs UVA and/or UVB radiation and is capable of providing protection against 

sunburn, and skin-ageing, skin damage, and DNA damage.  

72. The topical composition of claim 64, further comprising a second compound, or more 

than one compound which absorbs UVA and/or UVB radiation, to having a critical 
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wavelength value (90% of absorbance) measurement higher than the critical wavelength 

value of each ingredient obtaining by itself (lamda shift).  

73. The topical composition of claim 64, further comprising a second compound, or more 

than one compound which absorbs UVA and/or UVB radiation, reducing the percentage 

5 of differences, of the ration UVA:UVB, from before to after any UV exposure (lamda 

shift).  

74. The topical composition of claim 64, further comprising a second compound, or more 

than one compound which absorbs UVA and/or UVB radiation, reducing the percentage 

of differences, of the ration UVA:UVB, from before to after any UV exposure (lamda 

10 shift).  

75. The topical composition of claim 64, further comprising a second compound, or more 

than one compound that absorbs UVA and/or UVB radiation, shifting total absorbance 

towards the visible spectrum (400nm) (lamda shift).  

76. The topical composition of claim 64 further comprising a second compound, or more 

15 than one compound that absorbs UVA and/or UVB radiation, increasing total of 

absorbance, higher than the absorbance value of each ingredient obtaining by itself 

(lamda shift) 

77. The topical composition of claim 64, further comprising a second compound, or more 

than one compound that absorbs UVA and/or UVB radiation, allowing to reduce the 

20 concentration of more than one compound that absorbs UVA and/or UVB, in a 

formulation, carrier, lotion, gel or spray, and keeping SPF value above 2.  

78. The topical composition of claim 64, further comprising a second compound, or more 

than one compound that absorbs UVA and/or UVB radiation, having a higher value 

(lamda shift) of higher water resistance value, than each ingredient obtaining by itself.  

25 79. The topical composition of any one of claim 54, further comprising a second compound, 

or more than one compound that absorbs UVA and/or UVB radiation, having a higher 

value of UVA to UVB 

80. The topical composition of claim 64, further comprising a second compound, or more 

than one compound that absorbs UVA and/or UVB radiation, to reduce contact of UV 

30 radiation with human skin 

81. A compound selected from the group consisting of: 
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A 
where A is as defined in claim 1.  

82. A topical composition, comprising a compound of claim 81, a chemical sunscreen, a 

5 physical sunscreen, a pharmaceutically acceptable carrier, or a combination thereof.  

83. The topical composition of claim 82, wherein the physical sunscreen comprising either 

zinc oxide or titanium oxide.  

84. The topical composition of claim 82, wherein the chemical sunscreen comprising: 

benzotriazoles, benzophenones, benzoic acids/PABA, cinnamates, salicylates, 

10 avobenzones oxybenzone (benzophenone-3), tannic acid, uric acids, quinine salts, 

dihydroxy naphtholic acid, an anthranilate, phenylbenzimidazole sulfonic acid, and PEG

25 PABA. Further, sunscreen compounds such as dioxybenzone, cinoxate, ethyl 4

[bis(hydroxypropyl)]aminobenzoate, glyceryl aminobenzoate, homosalate, menthyl 

anthranilate, octocrylene, octyl methoxycinnamate, octyl salicylate, padimate A, 
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padimate 0, red petrolatum, titanium dioxide, 4-menthylbenzylidene camphor, 

benzophenone-1, benzophenone-2, benzophenone-4, benzophenone-6, benzophenone-12, 

isopropyl dibenzoylmethane, butyl methoxydibenzoylmethane, zotocrylene, DEA

methoxycinnamate, digalloyl trioleate, and/or TEA-salicylate.  

5 85. The topical composition of claim 82, further comprising an additional UV filter, wherein 

the additional UV filter comprising: 

p-aminobenzoic acid, its salts and its derivatives (ethyl, isobutyl, glyceryl esters; p

dimethylaminobenzoic acid); anthranilates (o-aminobenzoates; methyl, menthyl, phenyl, 

benzyl, phenylethyl, linalyl, terpinyl, and cyclohexenyl esters); salicylates (octyl, amyl, 

10 phenyl, benzyl, menthyl (homosalate), glyceryl, and dipropyleneglycol esters); cinnamic 

acid derivatives (menthyl and benzyl esters, alpha-phenyl cinnamonitrile; butyl 

cinnamoyl pyruvate); dihydroxycinnamic acid derivatives (umbelliferone, 

methylumbelliferone, methylaceto-umbelliferone); camphor derivatives (3 benzylidene, 4 

methylbenzylidene, polyacrylamidomethyl benzylidene, benzalkonium methosulfate, 

15 benzylidene camphor sulfonic acid, and terephthalylidene dicamphor sulfonic acid); 

trihydroxycinnamic acid derivatives (esculetin, methylesculetin, daphnetin, and the 

glucosides, esculin and daphnin); hydrocarbons (diphenylbutadiene, stilbene); 

dibenzalacetone; benzalacetophenone; naphtholsulfonates (sodium salts of 2-naphthol

3,6-disulfonic and of 2-naphthol-6,8-disulfonic acids); dihydroxy-naphthoic acid and its 

20 salts; o- and p-hydroxydiphenyldisulfonates; coumarin derivatives (7-hydroxy, 7-methyl, 

3-phenyl); diazoles (2-acetyl-3-bromoindazole, phenyl benzoxazole, methyl 

naphthoxazole, various aryl benzothiazoles); quinine salts (bisulfate, sulfate, chloride, 

oleate, and tannate); quinoline derivatives (8-hydroxyquinoline salts, 2-phenylquinoline); 

hydroxy- or methoxy-substituted benzophenones; uric acid derivatives; vilouric acid 

25 derivatives; tannic acid and its derivatives: hydroquinone; and benzophenones 

(oxybenzone, sulisobenzone, dioxybenzone, benzoresorcinol, octabenzone, 4

isopropyldibenzoylmethane, butylmethoxydibenzoylmethane, etocrylene, and/or 4

isopropyl-dibenzoylmethane).  

86. The topical composition of claim 82, wherein the compound is present as an oil-in-water 

30 or a water-in-oil emulsion.  

87. The topical composition of claim 82, wherein at the time of initial application the 

composition has a sun protection factor (SPF) of at least 2, 15, 30, 50 or 60.  

88. The topical composition of claim 82, wherein the compound is present in the composition 

at a concentration of about 0.05 wt% to 60 wt%.  
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89. The topical composition of claim 82, further comprising a second compound which 

absorbs UVA and/or UVB radiation and is capable of providing protection against 

sunburn and skin-ageing, skin damage, and DNA damage.  

90. The topical composition of claim 82, further comprising a second compound, or more 

5 than one compound which absorbs UVA and/or UVB radiation, to having a critical 

wavelength value (90% of absorbance) measurement higher than the critical wavelength 

value of each ingredient obtaining by itself (lamda shift).  

91. The topical composition of claim 82, further comprising a second compound, or more 

than one compound which absorbs UVA and/or UVB radiation, reducing the percentage 

10 of differences, of the ration UVA:UVB, from before to after any UV exposure (lamda 

shift).  

92. The topical composition of claim 82, further comprising a second compound, or more 

than one compound which absorbs UVA and/or UVB radiation, reducing the percentage 

of differences, of the ration UVA:UVB, from before to after any UV exposure (lamda 

15 shift).  

93. The topical composition of claim 82, further comprising a second compound, or more 

than one compound that absorbs UVA and/or UVB radiation, shifting total absorbance 

towards the visible spectrum (400nm) (lamda shift).  

94. The topical composition of claim 82, further comprising a second compound, or more 

20 than one compound that absorbs UVA and/or UVB radiation, increasing total of 

absorbance, higher than the absorbance value of each ingredient obtaining by itself 

(lamda shift) 

95. The topical composition of claim 82, further comprising a second compound, or more 

than one compound that absorbs UVA and/or UVB radiation, allowing to reduce the 

25 concentration of more than one compound that absorbs UVA and/or UVB, in a 

formulation, carrier, lotion, gel or spray, and keeping SPF value above 2.  

96. The topical composition of claim 82, further comprising a second compound, or more 

than one compound that absorbs UVA and/or UVB radiation, having a higher value 

(lamda shift) of higher water resistance value, than each ingredient obtaining by itself.  

30 97. The topical composition of claim 82, further comprising a second compound, or more 

than one compound that absorbs UVA and/or UVB radiation, having a higher value of 

UVA to UVB 

98. The topical composition of claim 82, further comprising a second compound, or more 

than one compound that absorbs UVA and/or UVB radiation, to reduce contact of UV 

35 radiation with human skin 
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99. A topical composition comprising at least one or a combination thereof: 

a first compound, wherein the first compound comprising: 

0 -CH3 

R, R2 

(CH 2)n 

5 

wherein: 

O 0 0 

N k N 
R, is OH OH , or N CH)OH.  

O 0 0 

N-AO N ( 

R- is OH OH , or N CH)OH 

1o n =1, 2, 3 or 4; and 

m = 1, 2, 3,4, 5, 6, 7, 8 or 9; 

O 0 

N, N 
wherein when R1 or R2 is OH or (CH2) OH , the bond between the N and 

the aromatic ring is a double bond; 

a second compound, wherein the second compound comprising: 

O OyCH3  0 

N N 
HO N N- OH 

A B 
15 
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wherein 

A is H, CH3 or CH(R)COOH, wherein R is H or an alkyl group comprising 1, 2 or 3 

carbons; and 

B is H, CH 3 or CH(R)COOH, wherein R is H or an alkyl group comprising 1, 2 or 3 

5 carbons; 

a third compound, wherein the third compound comprising: 

R1 OCH3 

HN N-R 
- -R 

(CH2)n 

where n is selected from 0, 1, 2, 3, and 4, 

R1 and R2 are each independently -(CH 2)m-COOH or -(CH 2)y-CH(A)-COOH, where 

10 m is an integer ranging from 1-9, 

y is an integer ranging from 0 to 8, 

A is a CI -C3 linear or branched alkyl or alkenyl optionally substituted at one or more 

carbon atoms with hydroxy or -C(O)OR 3, where R3 is an ester group, and when C taken together 

with A forms a double bond, the H in CH(A) is absent; 

15 a physical sun block; 

a chemical sun block; and 

a pharmaceutically acceptable carrier.  

100. The topical composition of claim 99, wherein the physical sunscreen comprising 

zinc oxide or titanium oxide.  

20 101. The topical composition of claim 99, wherein the chemical sun screen 

comprising: 

benzotriazoles, benzophenones, benzoic acids/PABA, cinnamates, salicylates, 

avobenzones oxybenzone (benzophenone-3), tannic acid, uric acids, quinine salts, 

dihydroxy naphtholic acid, an anthranilate, phenylbenzimidazole sulfonic acid, and PEG

25 25 PABA. Further, sunscreen compounds such as dioxybenzone, cinoxate, ethyl 4

[bis(hydroxypropyl)]aminobenzoate, glyceryl aminobenzoate, homosalate, menthyl 

anthranilate, octocrylene, octyl methoxycinnamate, octyl salicylate, padimate A, 
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padimate 0, red petrolatum, titanium dioxide, 4-menthylbenzylidene camphor, 

benzophenone-1, benzophenone-2, benzophenone-4, benzophenone-6, benzophenone-12, 

isopropyl dibenzoylmethane, butyl methoxydibenzoylmethane, zotocrylene, DEA

methoxycinnamate, digalloyl trioleate, and/or TEA-salicylate.  

5 102. The topical composition of claim 99, further comprising a UV filter, wherein the 

UV filter comprising: 

p-aminobenzoic acid, its salts and its derivatives (ethyl, isobutyl, glyceryl esters; p

dimethylaminobenzoic acid); anthranilates (o-aminobenzoates; methyl, menthyl, phenyl, 

benzyl, phenylethyl, linalyl, terpinyl, and cyclohexenyl esters); salicylates (octyl, amyl, 

10 phenyl, benzyl, menthyl (homosalate), glyceryl, and dipropyleneglycol esters); cinnamic 

acid derivatives (menthyl and benzyl esters, alpha-phenyl cinnamonitrile; butyl 

cinnamoyl pyruvate); dihydroxycinnamic acid derivatives (umbelliferone, 

methylumbelliferone, methylaceto-umbelliferone); camphor derivatives (3 benzylidene, 4 

methylbenzylidene, polyacrylamidomethyl benzylidene, benzalkonium methosulfate, 

15 benzylidene camphor sulfonic acid, and terephthalylidene dicamphor sulfonic acid); 

trihydroxycinnamic acid derivatives (esculetin, methylesculetin, daphnetin, and the 

glucosides, esculin and daphnin); hydrocarbons (diphenylbutadiene, stilbene); 

dibenzalacetone; benzalacetophenone; naphtholsulfonates (sodium salts of 2-naphthol

3,6-disulfonic and of 2-naphthol-6,8-disulfonic acids); dihydroxy-naphthoic acid and its 

20 salts; o- and p-hydroxydiphenyldisulfonates; coumarin derivatives (7-hydroxy, 7-methyl, 

3-phenyl); diazoles (2-acetyl-3-bromoindazole, phenyl benzoxazole, methyl 

naphthoxazole, various aryl benzothiazoles); quinine salts (bisulfate, sulfate, chloride, 

oleate, and tannate); quinoline derivatives (8-hydroxyquinoline salts, 2-phenylquinoline); 

hydroxy- or methoxy-substituted benzophenones; uric acid derivatives; vilouric acid 

25 derivatives; tannic acid and its derivatives; hydroquinone; and benzophenones 

(oxybenzone, sulisobenzone, dioxybenzone, benzoresorcinol, octabenzone, 4

isopropyldibenzoylmethane, butylmethoxydibenzoylmethane, etocrylene, and/or 4

isopropyl-dibenzoylmethane).  

103. The topical composition of claim 99, further comprising a second compound, or more 

30 than one compound which absorbs UVA and/or UVB radiation, to having a critical 

wavelength value (90% of absorbance) measurement higher than the critical wavelength 

value of each ingredient obtaining by itself (lamda shift).  

104. The topical composition of claim 99, further comprising a second compound, or more 

than one compound which absorbs UVA and/or UVB radiation, reducing the percentage 
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of differences, of the ration UVA:UVB, from before to after any UV exposure (lamda 

shift).  

105. The topical composition of claim 99, further comprising a second compound, or more 

than one compound which absorbs UVA and/or UVB radiation, reducing the percentage 

5 of differences, of the ration UVA:UVB, from before to after any UV exposure (lamda 

shift).  

106. The topical composition of claim 99, further comprising a second compound, or more 

than one compound that absorbs UVA and/or UVB radiation, shifting total absorbance 

towards the visible spectrum (400nm) (lamda shift).  

10 107. The topical composition of claim 99, further comprising a second compound, or more 

than one compound that absorbs UVA and/or UVB radiation, increasing total of 

absorbance, higher than the absorbance value of each ingredient obtaining by itself 

(lamda shift) 

108. The topical composition of claim 99, further comprising a second compound, or more 

15 than one compound that absorbs UVA and/or UVB radiation, allowing to reduce the 

concentration of more than one compound that absorbs UVA and/or UVB, in a 

formulation, carrier, lotion, gel or spray, and keeping SPF value above 2.  

109. The topical composition of claim 99, further comprising a second compound, or more 

than one compound that absorbs UVA and/or UVB radiation, having a higher value 

20 (lamda shift) of higher water resistance value, than each ingredient obtaining by itself.  

110. The topical composition of claim 99, further comprising a second compound, or more 

than one compound that absorbs UVA and/or UVB radiation, having a higher value of 

UVA to UVB 

111. The topical composition of claim 99, further comprising a second compound, or more 

25 than one compound that absorbs UVA and/or UVB radiation, to reduce contact of UV 

radiation with human skin.  
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