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Abstract 2-(4-Chlorophenyl)-5-benzoxazoleacetic acid (CBA) and its ester, methyl-2-(4-chloro-phenyl)-5-
benzoxazoleacetate (MCBA), were synthesized, and their structures were confirmed by HNMR,
IR, and mass spectrophotometry. The anti-psoriatic activities of CBA and MCBA were tested
using an imiquimod (IMQ)-induced psoriatic mouse model, in which mice were treated both
topically (1% w/w) and orally (125 mg/kg) for 14 days. The erythema intensity, thickness, and
desquamation of psoriasis were scored by calculating the psoriasis area severity index (PASI).
The study also included the determination of histopathological alterations in the skin tissues of
treated mice. Topical and oral administration of CBA and MCBA led to a reduction in erythema
intensity, thickness, and desquamation, which was demonstrated by a significant decrease in
the PASI value. In addition, skin tissues of mice treated with CBA and MCBA showed less
evidence of psoriatic alterations, such as hyperkeratosis, parakeratosis, scale crust, edema,
psoriasiform, and hyperplasia. After administration of either topical or oral dosing, the anti-
psoriatic effects were found to be stronger in MCBA-treated than in CBA-treated mice. These
effects were comparable to those produced by Clobetasol propionate, the reference drug. This
drug discovery could be translated into a potential new drug for future clinical use in psoriasis
treatment.
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Abstract Benzoxazole derivatives are aromatic nitrogen compounds possessing a variety of
pharmacological properties, including analgesic, anti-inflammatory, and immunosuppressive.
However, anti-psoriatic effects of these compounds have not been yet investigated. In this study,
novel benzoxazole derivatives, including 2-(2-(4-chlorophenyl) benzoxazol-5-yl) acetic acid
(CBA) and its ester, methyl 2-(2-(4-chlorophenyl) benzoxazol-5-yl) acetate (MCBA) were
synthesized, and their anti-psoriatic effects in mice were evaluated. The anti-psoriatic activities
of CBA and MCBA were tested using an imiquimod (IMQ)-induced psoriatic mouse model in
which mice were treated both topically (1% w/w) and orally (125 mg/kg) for 14 days. The
erythema intensity, thickness, and desquamation of psoriasis was scored by calculating
Psoriasis Area Severity Index (PASI). The study also included the determination of
histopathological alterations on the skin tissues of treated mice. Topical and oral administration
of CBA and MCBA led to a reduction in erythema intensity, thickness, and desquamation, which
was demonstrated by a significant decrease of PASI values. In addition, skin tissues of mice
treated with CBA and MCBA showed less evidence of psoriatic alterations, such as
hyperkeratosis, parakeratosis, scale crust, edema, psoriasiform, and hyperplasia. After
administration of either topical or oral dosing, the anti-psoriatic effects were found to be stronger
in MCBA-treated than in CBA-treated mice. These effects were comparable to that produced by
Clobetasol propionate (Clob), the reference drug. CBA and MCBA may be promising drugs for
treating psoriasis disorders. However, more research is needed to support these results.

The coverletter for this review report has been saved in the database. You can safely close
this window.

Authors' Responses to Reviewer's Comments (Reviewer 1)

Author's Notes Dear reviwer,

" Synthesis and In-vivo Evaluation of Benzoxazole Derivatives as Promising Anti-
Psoriatic Drugs ".

Manuscript ID: molecules-1655347

Thank you for your email of March 29, 2022 informing me that the above manuscript needs
revisions. We (the authors) did revise the manuscript according to the reviewer comments.
Herein our response to the Reviewers comments:

Reviewer A - Comments

Comment 1: The abstract should be shortened (max 200 words, see rules of journal).

The answer: Thank you for your comment. We have revised the abstract as suggested. (Line
18-31)

Comment 2: The choice of a chemical route for the preparation of two benzoxazole derivatives
should be explained based on an analysis of the relevant references and presented in the
"Discussion" section.

The answer: This is an excellent suggestion. The chemical route for the preparation of two
benzoxazole derivatives are included in the "Discussion" section in the revised manuscript. (Line
128-163)

Comment 3: A description of the synthesis of two benzoxazole derivatives should also be
presented at the beginning of the "Results" section.

The answer: Yes, we agree with you. A description of the synthesis of two benzoxazole
derivatives are included at the "Results" section in the revised manuscript. (Line 68-79)
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Comment 4: CBA is known compound (Journal of Medicinal Chemistry (1975), 18(1), 53-8;
DE2324443 A1 1973; DE2449990 A1 1975; Synthetic Communications (1985), 15(12), 1075-80)
and the relevant references should be added and discussed in the "Discussion" section.

The answer: Thank you for your comment. You can refer to the corrected part as indicated.
(Line 135)

Comment 5: Authors should once again carefully check the references in accordance with the
examples reference style.

The answer: We appreciate your kind suggestion. All references have been crossed checked
now.

Review Report Form

Quality of English
Language

( ) English very difficult to understand/incomprehensible
( ) Extensive editing of English language and style required
( ) Moderate English changes required
( ) English language and style are fine/minor spell check required
(x) I am not qualified to assess the quality of English in this paper

Yes Can be
improved

Must be
improved

Not
applicable

Does the introduction provide sufficient

background and include all relevant references?
( ) ( ) (x) ( )

Is the research design appropriate? ( ) ( ) (x) ( )

Are the methods adequately described? ( ) (x) ( ) ( )

Are the results clearly presented? ( ) (x) ( ) ( )

Are the conclusions supported by the results? ( ) (x) ( ) ( )

Comments and
Suggestions for

Authors

The manuscript entitled “Synthesis and In-vivo Evaluation of Benzoxazole Derivatives as
Promising Anti-Psoriatic Drugs” by Rami Ayoub et al. described an approach for the synthesis of
two benzoxazole derivatives and study their anti-psoriatic activity. The manuscript may be of
general interest to the researchers of this field, but the manuscript lacks some information that
the author should consider and incorporate in the present form of the manuscript. Here are a
few concerns that need to be addressed in the present form of the manuscript.

1. The abstract should be shortened (max 200 words, see rules of journal).
2. The choice of a chemical route for the preparation of two benzoxazole derivatives should be

explained based on an analysis of the relevant references and presented in the "Discussion"
section.

3. A description of the synthesis of two benzoxazole derivatives should also be presented at the
beginning of the "Results" section.

4. CBA is known compound (Journal of Medicinal Chemistry (1975), 18(1), 53-8; DE2324443
A1 1973; DE2449990 A1 1975; Synthetic Communications (1985), 15(12), 1075-80) and the
relevant references should be added and discussed in the "Discussion" section.

5. Authors should once again carefully check the references in accordance with the examples
reference style.
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Abstract Benzoxazole derivatives are aromatic nitrogen compounds possessing a variety of
pharmacological properties, including analgesic, anti-inflammatory, and immunosuppressive.
However, anti-psoriatic effects of these compounds have not been yet investigated. In this study,
novel benzoxazole derivatives, including 2-(2-(4-chlorophenyl) benzoxazol-5-yl) acetic acid
(CBA) and its ester, methyl 2-(2-(4-chlorophenyl) benzoxazol-5-yl) acetate (MCBA) were
synthesized, and their anti-psoriatic effects in mice were evaluated. The anti-psoriatic activities
of CBA and MCBA were tested using an imiquimod (IMQ)-induced psoriatic mouse model in
which mice were treated both topically (1% w/w) and orally (125 mg/kg) for 14 days. The
erythema intensity, thickness, and desquamation of psoriasis was scored by calculating
Psoriasis Area Severity Index (PASI). The study also included the determination of
histopathological alterations on the skin tissues of treated mice. Topical and oral administration
of CBA and MCBA led to a reduction in erythema intensity, thickness, and desquamation, which
was demonstrated by a significant decrease of PASI values. In addition, skin tissues of mice
treated with CBA and MCBA showed less evidence of psoriatic alterations, such as
hyperkeratosis, parakeratosis, scale crust, edema, psoriasiform, and hyperplasia. After
administration of either topical or oral dosing, the anti-psoriatic effects were found to be stronger
in MCBA-treated than in CBA-treated mice. These effects were comparable to that produced by
Clobetasol propionate (Clob), the reference drug. CBA and MCBA may be promising drugs for
treating psoriasis disorders. However, more research is needed to support these results.
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Abstract Benzoxazole derivatives are aromatic nitrogen compounds possessing a variety of
pharmacological properties, including analgesic, anti-inflammatory, and immunosuppressive.
However, anti-psoriatic effects of these compounds have not been yet investigated. In this study,
novel benzoxazole derivatives, including 2-(2-(4-chlorophenyl) benzoxazol-5-yl) acetic acid
(CBA) and its ester, methyl 2-(2-(4-chlorophenyl) benzoxazol-5-yl) acetate (MCBA) were
synthesized, and their anti-psoriatic effects in mice were evaluated. The anti-psoriatic activities
of CBA and MCBA were tested using an imiquimod (IMQ)-induced psoriatic mouse model in
which mice were treated both topically (1% w/w) and orally (125 mg/kg) for 14 days. The
erythema intensity, thickness, and desquamation of psoriasis was scored by calculating
Psoriasis Area Severity Index (PASI). The study also included the determination of
histopathological alterations on the skin tissues of treated mice. Topical and oral administration
of CBA and MCBA led to a reduction in erythema intensity, thickness, and desquamation, which
was demonstrated by a significant decrease of PASI values. In addition, skin tissues of mice
treated with CBA and MCBA showed less evidence of psoriatic alterations, such as
hyperkeratosis, parakeratosis, scale crust, edema, psoriasiform, and hyperplasia. After
administration of either topical or oral dosing, the anti-psoriatic effects were found to be stronger
in MCBA-treated than in CBA-treated mice. These effects were comparable to that produced by
Clobetasol propionate (Clob), the reference drug. CBA and MCBA may be promising drugs for
treating psoriasis disorders. However, more research is needed to support these results.
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Author's Notes Dear Editor,

" Synthesis and In-vivo Evaluation of Benzoxazole Derivatives as Promising Anti-
Psoriatic Drugs ".

Manuscript ID: molecules-1655347

Thank you for your email of March 29, 2022 informing me that the above manuscript needs
revisions. We (the authors) did revise the manuscript according to the reviewer comments.
Herein our response to the Reviewers comments:

Reviewer B- Comments

Comment 1: The English language needs revising. The compounds characterization is very
poor and needs more solid evidence

The Answer: We appreciate your kind suggestion. The English language was revised, and the
compounds characterization was discussed in details in the revised manuscript.

Comment 2: Row 43 references should be expressed as [2, 3] instead of [2], [3]

The Answer: Thank you for your suggestion. We have revised it now. (Line 39)

Comment 3: Row 55 references the same -> [10-12]

The Answer: Thank you for your suggestion. We have revised it now. (Line 51)

Comment 4: Row 57 references [3, 13, 14]

The answer: Thank you for your suggestion. We have revised it now. (Line 53)

Comment 5: Row 62 remove the bracket before the reference
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The answer: The bracket was removed as seen in the revised manuscript. Thank you for
pointing it out (Line 57)

Comment 6: Row 124 [24], [25] -> [24, 25]

The answer: Thank you for your suggestion. We have revised it now. (Line 135)

Comment 7: Row 180 please correct 1H to H (superscript)

The answer: It was corrected accordingly. Thank you (Line 220)

Comment 8: Row 184 Please give the full name of the compound and then give in brackets the
abbreviation - methyl 2-(2-(4-chlorophenyl)benzo[d]oxazol-5-yl)acetate (MCBA)

The answer: Thank you for your suggestion. We have revised it now. (Line 224)

Comment 9: Row 185-196 Please make sure you correct all numbers in the molecular formulas
to subscript and superscript where necessary.

The answer: The numbers of molecular formulas were corrected in the revise manuscript.
Thank you for your suggestions (Line 225-236)

Comment 10: H NMR is not described correctly. Please give the frequency at which the
spectrum is recorded, next to the solvent used. In addition, the J constant is missing. Moreover,
the aromatic protons are seven at the structure, but eight in the description. Could you please
explain this extra proton?

The answer: Excellent points. The frequency and J constant are included in the revised
manuscript. In addition, the description of aromatic protons was corrected. (Line 234-236)

Comment 11: The information for the MS analysis is missing in general. What apparatus? What
source of ionization? The MS result is not accurate enough. See example: HR-MS ESI: calc. for
[C H N  + H]  337.14477, found 337.14436. Then calculate the mass error in ppm.

The answer: The missing data are included in revised manuscript and MS results are presented
with more details in the revised manuscript as indicated by the reviewer. We are grateful for your
comments (Line 236)

Comment 12: In Figure 4 please add the reaction conditions, and rename the title as Synthesis
of MCBA

The answer: The reaction conditions were added in Figure 4 and the title was renamed as
indicated. (Please see scheme 1) (Line 74)

Comment 13: Row 200 Please give the full name of the synthesized compound: 2-(2-(4-
chlorophenyl)benzo[d]oxazol-5-yl)acetic acid (CBA)

The answer: Thank you for your suggestion. We have revised it now. (Line 237)

Comment 14: Row 201-209 Please make sure you correct all numbers in the molecular
formulas to subscript and superscript where necessary.

The answer: Thank you. All numbers in the molecular formulas were corrected as seen as
revised manuscript. (Line 238-247)

Comment 15: H NMR is not described correctly. Its looks like a mess. Please check the journal
requirements for NMR interpretation and correct them. Please give the frequency at which the
spectrum is recorded, next to the solvent used. In addition, the J constants are missing again.
Also, three of the protons are missing. Your product has 10 hydrogen atoms and only seven are
described.

The answer: The frequency and J constant are included in the revised manuscript. In addition,
the description of aromatic protons was corrected. Thank you for the kind comment. (Line 224-
246)

Comment 16: The MS here is the same: please see the upper comment for the MS analysis.

The answer Thank you for the kind comment.: The missing information for the MS analysis of
CBA are included in revised manuscript and MS results are presented with more details as
indicated by the reviewer. (Line 246)

Comment 17: The IR also needs clarification. Please check on the journal’s recommendations
for IR interpretation and presenting.

The answer: Thank you for the kind comment.FTIR analysis are clarified in the revised
manuscript. (Line 233, 243, 244)

Comment 18: In figure 5 please change the title: Synthesis of CBA
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The answer: The title of Figure 5 was renamed as seen in the revised manuscript. (Please see
scheme 2) Thank you for the kind comment. (Line 79)

Review Report Form

Quality of English
Language
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Authors

The presented manuscript “Synthesis and In-vivo Evaluation of Benzoxazole Derivatives as
Promising Anti-Psoriatic Drugs” describes the in vivo results of two known compounds obtained,
using old and known procedures, but are interesting in order to be found new psoriatic drugs for
psoriasis treatment.

The English language needs revising. The compounds characterization is very poor and needs
more solid evidence.  

The manuscript needs major revision.

Here are some comments and suggestions that need to be taken into account:

Row 43 references should be expressed as [2, 3] instead of [2], [3]

Row 55 references the same -> [10-12]

Row 57 references [3, 13, 14]

Row 62 remove the bracket before the reference

Row 124 [24], [25] -> [24, 25]

Row 180 please correct 1H to  H (superscript)

Row 184 Please give the full name of the compound and then give in brackets the abbreviation -
methyl 2-(2-(4-chlorophenyl)benzo[d]oxazol-5-yl)acetate (MCBA)

Row 185-196 Please make sure you correct all numbers in the molecular formulas to subscript
and superscript where necessary.

H NMR is not described correctly. Please give the frequency at which the spectrum is recorded,
next to the solvent used. In addition, the J constant is missing. Moreover, the aromatic protons
are seven at the structure, but eight in the description. Could you please explain this extra
proton?

The information for the MS analysis is missing in general. What apparatus? What source of
ionization? The MS result is not accurate enough. See example:  HR-MS ESI: calc. for
[C H N  + H]  337.14477, found 337.14436. Then calculate the mass error in ppm.

In Figure 4 please add the reaction conditions, and rename the title as Synthesis of MCBA

Row 200 Please give the full name of the synthesized compound: 2-(2-(4-
chlorophenyl)benzo[d]oxazol-5-yl)acetic acid (CBA)

Row 201-209 Please make sure you correct all numbers in the molecular formulas to subscript
and superscript where necessary.

H NMR is not described correctly. Its looks like a mess. Please check the journal requirements
for NMR interpretation and correct them. Please give the frequency at which the spectrum is
recorded, next to the solvent used. In addition, the J constants are missing again…Also three of
the protons are missing. Your product has 10 hydrogen atoms and only seven are described.

The MS here is the same: please see the upper comment for the MS analysis.

1

1

22 16 4
+

1





The IR also needs clarification. Please check on the journal’s recommendations for IR
interpretation and presenting.

In figure 5 please change the title: Synthesis of CBA
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Abstract Benzoxazole derivatives are aromatic nitrogen compounds possessing a variety of
pharmacological properties, including analgesic, anti-inflammatory, and immunosuppressive.
However, anti-psoriatic effects of these compounds have not been yet investigated. In this study,
novel benzoxazole derivatives, including 2-(2-(4-chlorophenyl) benzoxazol-5-yl) acetic acid
(CBA) and its ester, methyl 2-(2-(4-chlorophenyl) benzoxazol-5-yl) acetate (MCBA) were
synthesized, and their anti-psoriatic effects in mice were evaluated. The anti-psoriatic activities
of CBA and MCBA were tested using an imiquimod (IMQ)-induced psoriatic mouse model in
which mice were treated both topically (1% w/w) and orally (125 mg/kg) for 14 days. The
erythema intensity, thickness, and desquamation of psoriasis was scored by calculating
Psoriasis Area Severity Index (PASI). The study also included the determination of
histopathological alterations on the skin tissues of treated mice. Topical and oral administration
of CBA and MCBA led to a reduction in erythema intensity, thickness, and desquamation, which
was demonstrated by a significant decrease of PASI values. In addition, skin tissues of mice
treated with CBA and MCBA showed less evidence of psoriatic alterations, such as
hyperkeratosis, parakeratosis, scale crust, edema, psoriasiform, and hyperplasia. After
administration of either topical or oral dosing, the anti-psoriatic effects were found to be stronger
in MCBA-treated than in CBA-treated mice. These effects were comparable to that produced by
Clobetasol propionate (Clob), the reference drug. CBA and MCBA may be promising drugs for
treating psoriasis disorders. However, more research is needed to support these results.
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Are the conclusions supported by the results? (x) ( ) ( ) ( )

Comments and
Suggestions for

Authors

Dear Authors, 

thank you for providing the revised version of your manuscript. 

I have carefully examined your revised version and I see that you have taken into account all my
suggestions. 

Now your manuscript looks much better. 

One thing I would like you to correct is the MS data for both compounds. As you give [M+H]+
result please write down the correct mass. 

Also for the second compound (the acid), the molecular formula does not match the molecular
weight (row 245). I suppose you copied the formula for the above and you didn't change it.
Please correct the molecular formula. 
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