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Abstract: This communication reports a four-step protocol to produce 3-allyl-2-(allyloxy)-5-bromoaniline
5 from commercially available 2-allylphenol. The synthetic steps used were nitration, selective

bromination, allylation, and reduction of the nitro group.
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1. Introduction

Numerous natural products and biologically active compounds incorporate nitro-
gen within their structures, rendering nitrogen-containing molecules valuable for the ad-
vancement of pharmaceuticals and other biologically pertinent substances [1-3]. Anilines
and aminophenols are among those types of nitrogen-containing and versatile building
blocks [4], which play a key role in diverse syntheses, especially in medicinal chemistry [5-7]
and the dye industry [8]. Hence, there is significant interest in developing new synthetic
routes toward functionalized aniline derivatives. A research interest in our group is cen-
tered on the mild C-H activation of miscellaneous allylbenzenes (including anilines). For
instance, we have developed transition metal-free protocols for the synthesis of (E)-allylic
compounds [9] and «-alkyl styrenes [10] from terminal alkenes, sometimes using additives
or heat to improve yields. While mechanistic studies have helped to better understand
the electronic effects in these transformations using allylbenzenes [11], it is still necessary
to perform a direct comparison between allylbenzenes and allyl ethers. As such, the title
compound was designed, synthesized, and characterized as described below.

2. Results and Discussion

As mentioned above, we embarked on the design of a benzene derivative bearing
both allyl moieties (allylbenzene and allyl ether). We also wanted the new compound
to be electron-rich (therefore, an amino group was also envisioned) and have a larger
mass (bromo was added). With these requirements in mind, the synthesis started. Al-
though the precedent literature uses Claisen rearrangement to install allyl groups into the
benzene ring of phenols [12], we decided to take an alternative route. The commercially
available 2-allylphenol 1 was used as it already has the allyl group (Scheme 1). First,
1 g of 2-allylphenol 1 was subjected to nitration conditions using a sulfonitric mixture
(HNO3/H;S0y) and reacted for 30 min. at 0 °C. Analysis of the reaction mixture showed
two products: the expected 2-allyl-6-nitrophenol 2 in 15% yield and 2-allyl-4-nitrophenol
(not shown) in 15% yield [13]. Then, 2-allyl-6-nitrophenol 2 was selectively brominated
using N-bromosuccinimide (NBS), which afforded 2-allyl-4-bromo-6-nitrophenol 3 in 72%
yield [14]. The phenol group on 3 was alkylated under standard conditions using allyl
bromide [12], producing 1-allyl-2-(allyloxy)-5-bromo-3-nitrobenzene 4 in 77% yield. Lastly,
the nitro group in intermediate 4 was reduced using Zn and NH4Cl [15], after only 1 h of
reaction, which delivered the expected new product 3-allyl-2-(allyloxy)-5-bromoaniline

Molbank 2024, 2024, M1773. https:/ /doi.org/10.3390/M1773 https:/ /www.mdpi.com/journal/molbank


https://doi.org/10.3390/M1773
https://doi.org/10.3390/M1773
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/molbank
https://www.mdpi.com
https://orcid.org/0009-0009-7601-2343
https://orcid.org/0009-0002-8171-9393
https://orcid.org/0000-0001-8504-355X
https://doi.org/10.3390/M1773
https://www.mdpi.com/journal/molbank
https://www.mdpi.com/article/10.3390/M1773?type=check_update&version=1

Molbank 2024, 2024, M1773

2 of 5

5 in 98% isolated yield (Scheme 1). The spectra of compounds 2—4 can be found in the
Supplementary Materials.

2-allylphenol
OH OH OH
— 1. HNO3/H,SO4 O,N _~ 2.NBS, AcOH, DMAP O,N —
CH,Cl,, 0°C,0.5h CH,Cly, rt, 2 h
15% 72%
1 gram 1 2 Br 3
OM O/\/
3. Allyl bromide, K,CO3 O,N — 4.Zn, NH4CI H,N P
Acetone, reflux, 1 h EtOH/H,0, 1 h
77% 98%
Br 4 Br 5

Scheme 1. Four-step synthesis of 3-allyl-2-(allyloxy)-5-bromoaniline 5.

3. Materials and Methods
3.1. General Information

All reactions were carried out in the air in oven-dried glassware with magnetic stirring
at room temperature. 2-Allylphenol was purchased from Millipore Sigma (St. Louis, MO,
USA) and used as received. All reagents and solvents were purchased from Fisher (Hamp-
ton, NH, USA) and used as received. The purification of reaction products was carried out
by flash column chromatography using silica gel 60 (230-400 mesh). TLC visualization was
accompanied by UV light. Concentration in vacuo refers to the removal of volatile solvent
using a rotary evaporator attached to a dry diaphragm pump (10-15 mm Hg), followed by
pumping to a constant weight with an oil pump (<300 mTorr).

'H NMR spectra were recorded at 400 MHZ (Jeol, Akishima, Tokyo, Japan) and are
reported relative to CDCl3 (6 =7.26). TH NMR coupling constants (J) are reported in Hertz
(Hz), and multiplicities are indicated as follows: s (singlet), d (doublet), t (triplet), and m
(multiplet). Proton-decoupled *C NMR spectra were recorded at 100 MHz and reported
relative to CDCls (5 = 77). IR experiments were recorded with neat samples on a Jasco
FT/IR-4700 (Easton, MD, USA) fitted with a diamond ATR sample plate. GCMS data
was recorded on a Shimadzu GC-2010 plus (Kyoto, Kyoto, Japan) system (GCMS-QP2010
SE). Elemental analysis measurements were recorded on a FlashSmart elemental analyzer
(Thermo Fisher Scientific, Waltham, MA, USA).

3.2. Synthesis of 2-Allyl-6-nitrophenol 2

Compound 2 was synthesized following a modified procedure described in the litera-
ture [13]: To a 20 mL scintillation vial, equipped with a stir bar, 2-allylphenol (7.45 mmol,
1.0 equiv.,, 1 g) and dichloromethane (7 mL) were added, then chilled to 0 °C (ice bath).
After being cooled, 2 mL of sulfonitric mixture (prepared with 2 mL of concentrated nitric
acid, 6 mL of sulfuric acid, and 2 mL of water) was added dropwise. Then, the mixture was
allowed to warm to room temperature and stirred for 30 min, followed by the addition of
water (10 mL). This crude mixture was directly added to a silica gel column for purification.
Purification by flash chromatography [silica gel, hexanes/ethyl acetate (99:1)] provided
the pure product 2 as a bright yellow oil (193.2 mg, 15% yield). Rf = 0.69 [hexanes/ethyl
acetate (4:1)]. Note: 2-allyl-4-nitrophenol (not shown) was observed as red oil [191 mg, 15%
yield, Rf = 0.24 [hexanes/ethyl acetate (4:1)].

"H NMR (400 MHz, CDCl3) § 10.96 (s, 1H, OH), 8.00 (1H, d, ] = 8.6 Hz, H-5), 7.47 (1H,
d, ] =7.3Hz, H-3),6.93 (1H, t, ] = 8.0 Hz, H-4), 6.04-5.94 (1H, m, H-2'), 5.15-5.09 (2H, m,
H-3'),3.49 (2H, d, ] = 6.5 Hz, H-1"). 13C NMR (101 MHz, CDCl3) § 153.27, 137.51, 135.09,
133.57,131.35,123.1, 119.48, 116.82, 33.62. IR (neat, cm~1): v 3205 (OH); 3085 (=C-H); 2981
(C-H); 1608 (C=C); 1539 (-NOy); 1450 (C=C); 1327 (N=0); 1249 (C-O-C). LRMS (EI) Calcd
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for CyHgNOj3 [M], 179.05. Found: 179[M]. The analytic data are in accordance with the
data reported in the literature [13].

3.3. Synthesis of 2-Allyl-4-bromo-6-nitrophenol 3

Compound 3 was synthesized by a modification of a procedure described in the
literature [14]: To a 20 mL scintillation vial, equipped with a stir bar, 2-allyl-6-nitrophenol
2 (0.70 mmol, 1.0 equiv., 123.8 mg), dichloromethane (5 mL), glacial acetic acid (0.5 mL),
4-dimethylaminopyridine (0.07 mmol, 0.1 equiv., 8.6 mg), and N-bromosuccinimide (0.71 mmol,
1.01 equiv., 126.4 mg) were added at room temperature. Then, the mixture was stirred at
room temperature for 2 h. This crude mixture was directly added to a silica gel column for
purification. Purification by flash chromatography [silica gel, hexanes (100%)] provided
the pure product 3 as bright yellow oil (134.1 mg, 72% yield). Rf = 0.88 [hexanes/ethyl
acetate (4:1)].

'H NMR (400 MHz, CDCl3) 6 10.87 (s, 1H, OH), 8.14 (1H, d, ] = 2.2 Hz, H-5), 7.56 (1H,
d, ] = 2.4 Hz, H-3), 6.08-5.9 (1H, m, H-2'), 5.2-5.13 (2H, m, H-3’), 3.47 (2H, d, ] = 5.9 Hz,
H-1'). 3C NMR (101 MHz, CDCl3) & 152.31, 139.94, 134.10, 133.83, 133.70, 125.17, 117.75,
111.23, 33.40. IR (neat, cm™!): v 3208 (OH); 3089 (=C-H); 2919 (C-H); 1604 (C=C); 1531
(-NO,); 1450 (C=C); 1319 (N=0); 1238 (C-O-C); 663 (C-Br). LRMS (EI) Calcd for CoHgBrNO3
[M], 256.96. Found: 257[M], 259[M + 2|. The analytic data is in accordance with the data
reported in the literature [15].

3.4. Synthesis of 1-Allyl-2-(allyloxy)-5-bromo-3-nitrobenzene 4

Compound 4 was synthesized by a modification of procedures described in the lit-
erature [12,15-17]: To a 20 mL scintillation vial, equipped with a stir bar, was added
2-allyl-4-bromo-6-nitrophenol 3 (0.52 mmol, 1.0 equiv., 134.1 mg), potassium carbonate
(0.78 mmol, 1.5 equiv., 107.8 mg), acetone (5 mL), and allyl bromide (0.78 mmol, 1.5 equiv.,
94.4 mg, 67 pL), at room temperature. Then, the mixture was heated to reflux and stirred
for 1 h. This crude mixture was directly added to a silica gel-column chromatography
for purification. Purification by flash chromatography [silica gel, hexanes/ethyl acetate
(99:1)] provided the pure product 4 as a light orange oil (119.7 mg, 77% yield). Rf = 0.56
[hexanes/ethyl acetate (4:1)].

'H NMR (400 MHz, CDCl3) & 7.81 (1H, d, ] = 2.2 Hz, H-5), 7.55 (1H, d, | = 2.4 Hz,
H-3), 6.08-5.91 (2H, m), 5.41-5.10 (4H, m), 447 (2H, d, ] = 6.1 Hz, H-1"), 3.45 (2H, d,
] = 6.6 Hz, H-1"). 1*C NMR (101 MHz, CDCl3) § 149.22, 144.75, 138.81, 137.59, 134.79, 132.27,
126.09, 119.24, 117.97, 116.15, 76.17, 33.5. IR (neat, cm~1): v 3081 (=C-H); 2923 (C-H); 1643
(C=C); 1531 (-NO»); 1461 (C=C); 1349 (N=0); 1253 (C-O-C); 705 (C-Br). LRMS (EI) Calcd for
C12H12BrNO; [M], 297.00. Found: 297[M], 299[M + 2]. The analytic data is in accordance
with the reported in the literature [15].

3.5. Synthesis of 3-Allyl-2-(allyloxy)-5-bromoaniline 5

The new compound 3-allyl-2-(allyloxy)-5-bromoaniline 5 was synthesized by a mod-
ification of procedures described in the literature [12,15]: To a 20 mL scintillation vial,
equipped with a stir bar, the pure 1-allyl-2-(allyloxy)-5-bromo-3-nitrobenzene 4 (0.1 mmol,
1.0 equiv., 26.7 mg), EtOH (1 mL), ammonium chloride (1.0 mmol, 10.0 equiv., 57.9 mg),
zinc (1.0 mmol, 10.0 equiv., 64.7 mg), and water (0.5 mL) were added sequentially. The
reaction was heated to reflux, immediately allowed to cool to rt, and stirred for 1 h. Then,
the reaction mixture was filtered using a syringe filter (PVDF-L membrane filter, 0.45 pm)
to eliminate the solids. The volatiles were removed under reduced pressure. Purification
by flash chromatography [silica gel, hexanes/EtOAc (90:10)] provided the pure product 5
as a light-yellow oil (23.6 mg, 98% yield). Rf = 0.45 [hexanes/ethyl acetate (4:1)].

'H NMR (400 MHz, CDCl3) § 6.76 (1H, d, | = 2.4 Hz, H-5), 6.69 (1H, d, | = 2.4 Hz,
H-3), 6.13-6.03 (1H, m), 5.97-5.87 (1H, m), 5.43 (1H, dq, ] = 17.2, 1.7 Hz), 5.28 (1H, dq,
J =10.5,1.4 Hz), 5.14-5.04 (2H, m), 4.32 (2H, dt,  =5.5, 1.4 Hz, H-1"), 3.82 (2H, s, NH}), 3.34
(2H, dt, ] = 6.6, 1.5 Hz, H-1"). 13C NMR (101 MHz, CDCl3) & 143.17, 141.48, 136.38, 135.12,
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133.65,122.19, 117.65, 117.27, 116.57, 116.36, 72.98, 33.68. IR (neat, cm™1): v 3467 (NH); 3374
(NH); 3077 (=C-H); 2919 (C-H); 1608 (C=C); 1477 (C=C); 1195 (C-O-C); 674 (C-Br). LRMS
(EI) Calcd for C1oH14BrNO [M], 267.02. Found: 267[M], 269]M + 2]. Elemental analysis
calculated (%) for C1o,H14BrNO: C 53.75, H 5.26, N 5.22. Found: C 53.71, H 5.24, N 5.18.

4. Conclusions

In summary, this communication described a four-step approach for the synthesis of
3-allyl-2-(allyloxy)-5-bromoaniline 5 from 2-allylphenol. The synthetic method is simple.
Besides the first reaction (15%), the yields achieved in our study are good to excellent (72-98%).
All the steps provide pure products after isolation using silica gel column chromatography.

Supplementary Materials: Figures S1, S5, S9 and S13: 1H-NMR spectra; Figures 52, S6, S10 and S14:
13C-NMR spectra; Figures S3, S7, S11 and S15: GC-MS spectra; Figures 54, S8, 512 and S16: FT-IR
spectra; Figure S17: Elemental analysis chromatogram/data of 5.

Author Contributions: Conceptualization, A.B.; methodology, E.B.A. and S.R.I; data analysis,
A.B., E.B.A. and S.R.I; writing—original draft preparation, A.B.; writing—review and editing, A.B.
and S.R.I; funding acquisition, A.B. All authors have read and agreed to the published version of
the manuscript.

Funding: The article was supported by the National Institute of General Medical Sciences of the
National Institutes of Health (NIH) under Award no. 1R15GM141726-01.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data are contained within the article.
Acknowledgments: The authors thank Florida Gulf University.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Nag, S,; Batra, S. Applications of Allylamines for the Syntheses of Aza-Heterocycles. Tetrahedron 2011, 67, 8959-9061. [CrossRef]

2. Chen, ].G.; Crooks, R.M.; Seefeldt, L.C.; Bren, K.L.; Bullock, R.M.; Darensbourg, M.Y.; Holland, P.L.; Hoffman, B.; Janik, M.J.;
Jones, A.K.; et al. Beyond Fossil Fuel-Driven Nitrogen Transformations. Science 2018, 360, eaar6611. [CrossRef] [PubMed]

3. Askin, D.; Angst, C.; Danishefsky, S. A Total Synthesis of N-Acetylactinobolamine. J. Org. Chem. 1985, 50, 5005-5007. [CrossRef]

4. Anjalin, M.; Kanagathara, N.; Baby Suganthi, A.R. A Brief Review on Aniline and Its Derivatives. Mater. Today Proc. 2020, 33,
4751-4755. [CrossRef]

5. Liu, J.; Qiu, X.; Huang, X.; Luo, X.; Zhang, C.; Wei, J.; Pan, J.; Liang, Y.; Zhu, Y.; Qin, Q.; et al. From Alkylarenes to Anilines via
Site-Directed Carbon—-Carbon Amination. Nat. Chem. 2019, 11, 71-77. [CrossRef] [PubMed]

6. Zeng,C,;Fang,S.; Guo,S,; Jiang, H.; Yang, S.; Wu, W. Palladium-Catalyzed Tandem Nucleophilic Addition/C-H Functionalization
of Anilines and Bromoalkynes for the Synthesis of 2-Phenylindoles. Org. Lett. 2023, 25, 1409-1414. [CrossRef] [PubMed]

7. Seki, M.; Takahashi, Y. Regioselective C-H Azidation of Anilines and Application to Synthesis of Key Intermediate for Pharma-
ceutical. J. Org. Chem. 2021, 86, 7842-7848. [CrossRef] [PubMed]

8. Mitchell, S.C.; Waring, R.H. Aminophenols. In Ullmann’s Encyclopedia of Industrial Chemistry; Wiley-VCH: Weinheim, Germany,
2000; ISBN 978-3-527-30673-2.

9.  Huang, X,; Fulton, B.; White, K.; Bugarin, A. Metal-Free, Regio- and Stereoselective Synthesis of Linear (E)-Allylic Compounds
Using C, N, O, and S Nucleophiles. Org. Lett. 2015, 17, 2594-2597. [CrossRef] [PubMed]

10.  Ojo, O.S.; Bugarin, A. One-Pot Synthesis of x-Alkyl Styrene Derivatives. ACS Omega 2021, 6, 20619-20628. [CrossRef] [PubMed]

11. Hardy, D.; Isbel, S.R.; Bugarin, A.; Wagle, D.V. Quantum Chemical Insight into 1,2-Shift Rearrangement in Bromination of
Allylaryls. ACS Omega 2023, 8, 42311-42318. [CrossRef] [PubMed]

12. Schmidt, B.; Wolf, F. Synthesis of Phenylpropanoids via Matsuda-Heck Coupling of Arene Diazonium Salts. ]. Org. Chem. 2017,
82, 4386-4395. [CrossRef] [PubMed]

13. Olea, A.F; Espinoza, L.; Sedan, C.; Thomas, M.; Martinez, R.; Mellado, M.; Carrasco, H.; Diaz, K. Synthesis and In Vitro Growth
Inhibition of 2-Allylphenol Derivatives against Phythopthora Cinnamomi Rands. Molecules 2019, 24, 4196. [CrossRef] [PubMed]

14. Furst, C.G.; Cota, PH.P; Dos Santos Wanderley, T.A.; Alberto, E.E. Synthesis of 2-Bromomethyl-2,3-Dihydrobenzofurans from

2-Allylphenols Enabled by Organocatalytic Activation of N-Bromosuccinimide. New J. Chem. 2020, 44, 15677-15684. [CrossRef]


https://doi.org/10.1016/j.tet.2011.07.087
https://doi.org/10.1126/science.aar6611
https://www.ncbi.nlm.nih.gov/pubmed/29798857
https://doi.org/10.1021/jo00224a082
https://doi.org/10.1016/j.matpr.2020.08.358
https://doi.org/10.1038/s41557-018-0156-y
https://www.ncbi.nlm.nih.gov/pubmed/30374038
https://doi.org/10.1021/acs.orglett.3c00137
https://www.ncbi.nlm.nih.gov/pubmed/36857211
https://doi.org/10.1021/acs.joc.1c00734
https://www.ncbi.nlm.nih.gov/pubmed/34038109
https://doi.org/10.1021/acs.orglett.5b00862
https://www.ncbi.nlm.nih.gov/pubmed/25965247
https://doi.org/10.1021/acsomega.1c02801
https://www.ncbi.nlm.nih.gov/pubmed/34396007
https://doi.org/10.1021/acsomega.3c04513
https://www.ncbi.nlm.nih.gov/pubmed/38024757
https://doi.org/10.1021/acs.joc.7b00447
https://www.ncbi.nlm.nih.gov/pubmed/28394127
https://doi.org/10.3390/molecules24224196
https://www.ncbi.nlm.nih.gov/pubmed/31752322
https://doi.org/10.1039/D0NJ03432K

Molbank 2024, 2024, M1773 50f5

15. Markwalder, J.A.; Balog, A.].; Williams, D.K,; Nara, S.J.; Reddy, R.; Roy, S.; Kanyaboina, Y.; Li, X.; Johnston, K.; Fan, Y.; et al.
Synthesis and Biological Evaluation of Biaryl Alkyl Ethers as Inhibitors of IDO1. Bioorg. Med. Chem. Lett. 2023, 88, 129280.
[CrossRef] [PubMed]

16. Van Otterlo, W.A L.; Morgans, G.L.; Madeley, L.G.; Kuzvidza, S.; Moleele, S.S.; Thornton, N.; De Koning, C.B. An Isomerization-
Ring-Closing Metathesis Strategy for the Synthesis of Substituted Benzofurans. Tetrahedron 2005, 61, 7746-7755. [CrossRef]

17.  Van Otterlo, W.A.L.; Ngidi, E.L.; Kuzvidza, S.; Morgans, G.L.; Moleele, S.S.; De Koning, C.B. Ring-Closing Metathesis for the
Synthesis of 2H- and 4H-Chromenes. Tetrahedron 2005, 61, 9996-10006. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.bmcl.2023.129280
https://www.ncbi.nlm.nih.gov/pubmed/37054759
https://doi.org/10.1016/j.tet.2005.05.090
https://doi.org/10.1016/j.tet.2005.08.020

	Introduction 
	Results and Discussion 
	Materials and Methods 
	General Information 
	Synthesis of 2-Allyl-6-nitrophenol 2 
	Synthesis of 2-Allyl-4-bromo-6-nitrophenol 3 
	Synthesis of 1-Allyl-2-(allyloxy)-5-bromo-3-nitrobenzene 4 
	Synthesis of 3-Allyl-2-(allyloxy)-5-bromoaniline 5 

	Conclusions 
	References

