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Abstract: The unstable title compound has been characterized for the first time. Its melting point,
UV, IR, 'H and 13C-NMR and high-resolution mass spectra are presented. The X-ray structure
has also been determined and shows a rather long C-Br bond perpendicular to the otherwise
planar molecule.
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1. Introduction

In the course of the synthesis of a natural product, we recently required 2,6-
dimethoxy benzyl bromide 1 and were surprised to find that this simple aromatic
compound has apparently not been characterised in any way before. The first mention
of the compound in the literature seems to be in 1988, when it was briefly evaluated
together with other methoxybenzyl bromides as a selective OH-protecting reagent in
carbohydrate chemistry [1]. Since then, it has found increasing use both for this appli-
cation [2,3], and in construction of new ligands [4], organocatalysts [5], antibacterial
agents [6], synthetic intermediates [7], insecticides [8] and anticancer agents [9]. How-
ever, in all these cases, it is prepared and used immediately without any attempt at
isolation or characterisation. The method of preparation is most commonly by reaction
of the corresponding alcohol 2 with phosphorus tribromide [6], although treatment of
2 with hydrobromic acid [8], and radical bromination of 2,6-dimethoxytoluene 3 with
N-bromosuccinimide [2] have also been used (Scheme 1).
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Scheme 1. Synthetic routes to compound 1.
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This situation is in marked contrast to most of the other isomeric dimethoxybenzyl
bromides (Figure 1), where both the 2,3-isomer 4 [10] and the 3,4-isomer 5 [11,12] have
been known since the 1920s and have been thoroughly characterised using all the main
analytical and spectroscopic methods. The 2,5-isomer 6 was first reported in 1953 [13]
and full spectra were subsequently described [14]. The 3,5-isomer 7 was first prepared
in 1962 [15] and is the only one of the six isomers to be characterised by X-ray diffraction
to date, with both powder [16] and single crystal [17] data available. Interestingly,
the 2,4-isomer 8 has a similar lack of characterisation to 1, being mentioned in two
patents [18,19] as being generated from the corresponding alcohol and PBr; and used
immediately without isolation, and in terms of data, only the 'H-NMR chemical shift for
its CHj is available [20].
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Figure 1. The other isomeric dimethoxybenzyl bromides.

We here describe the preparation, isolation and full characterisation of compound 1
including its melting point, UV, IR, 'H and 1¥3C-NMR spectra, HRMS and X-ray structure
determination. Some observations on the stability and decomposition of this reactive
compound are also documented.

2. Results

Reaction of 2,6-dimethoxybenzyl alcohol, prepared by esterification then LiAlH,4
reduction of commercially available 2,6-dimethoxybenzoic acid [21], with 0.33 equivalents
of PBrj in diethyl ether at 0 °C, followed by aqueous work-up, drying of the ether extract
and evaporation gave the target compound 1 as colourless crystals, mp 65-67 °C. However,
it was quickly discovered that the compound decomposed over a period of hours to days
at room temperature to give a dark purple polymeric material, insoluble in any common
solvents. The decomposition seemed to be accelerated by light, heat or contact with a nickel
spatula and, once initiated, seemed to be autocatalytic so that, once it started, it accelerated
rapidly. Despite this, samples of the compound have been stored in a foil-covered flask in
a refrigerator at 5 °C for several months without decomposition.

The UV, IR and 'H and '*C-NMR spectra could be recorded by working rapidly
and with suitable precautions, and the data documented in the Experimental Section and
illustrated in the Supplementary Material are in agreement with expectation and also with
those for the isomeric compounds of Figure 1. In particular, the UV spectrum consisted of
a series of three shoulders at 291, 278 and 246 nm of steadily increasing intensity, while
the most prominent peak in the IR spectrum was at 1088 cm™!, attributable to aromatic
C-Br stretch. The NMR spectra showed the expected shielding effect of OMe with 3/5
positions giving signals at 0y 6.54 and ¢ 103.7, respectively. The quaternary carbon at
C-1 gave a particularly weak signal at ¢ 114.4 ppm. High-resolution mass spectrometry
gave a signal at m/z 151, corresponding to M*—Br and showing good agreement with the
theoretical value. This gives some hint as to the mechanism of decomposition since the
carbocation 9 formed by ionisation with loss of Br~ is significantly stabilised by the two
OMe groups (Scheme 2), and we speculate that the main mode of decomposition may be
bromide mediated O-demethylation of 9 to give the ortho-quinomethane species 10, which
then polymerises.
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Scheme 2. Suggested mode of decomposition for 1.
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Crystals suitable for X-ray diffraction were obtained directly from the freshly prepared
material and quickly mounted while still cold for data collection at 93 K. The resulting
molecular structure (Figure 2) shows the two methoxy groups as essentially coplanar with
the benzene ring while the CH,—Br bond is essentially orthogonal to it. The arrangement
of the four molecules in the unit cell is also shown in Figure 2.
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)

Figure 2. (left) Molecular structure of 1 with anisotropic displacement ellipsoids drawn at 50% probability level and

showing numbering system used. (right) View of unit cell along the b axis showing packing.

A good number of similar compounds have been crystallographically characterised
and a comparison of the key parameters for the Ar-CH,-Br group for a selection of these
(Figure 3) is presented in Table 1. As compared to the unsubstituted benzyl bromide 9
compound 1 shows lengthening of both ring-CH, and CH,-Br bonds and a torsion angle
much closer to 90°. In considering the data for the isomeric 3,5-dimethoxy compound 7, it
should be noted that the first set of data [16] is derived from a powder diffraction study;
and the discrepancy between this and the single-crystal data [17], as well as all the other
values in Table 1, is likely to be due to systematic errors linked to the different technique.
The situation for the apparently good model compound 10 is complicated by the fact that
there are two separate crystal forms containing, respectively, three and two independent
molecules in the unit cell and each molecule has all three CH;Br groups non-equivalent,
thus delivering a total of 15 values for each parameter, which actually span the full range
of values exhibited by the other compounds in the Table. Nonetheless, it can be seen that
the parameters listed for 1 are broadly in line with those of closely similar compounds. but
the CH,-Br bond length is among the longest and the ring—CH,-Br torsion angle is among
the closest to 90°.

In summary, the simple but unstable compound 2,6-dimethoxybenzyl bromide has
been characterised for the first time, with its melting point, UV, IR, 'H and 3C-NMR spectra
recorded. A correct HRMS measurement was obtained for M*-Br. The X-ray structure was
also determined and shows structural parameters in good agreement with similar highly
substituted benzyl bromides.
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Figure 3. Comparison crystal structures with CSD reference codes.

Table 1. Geometric parameters for 1 and other comparable benzyl bromides.

Length Length Angle Torsion Angle
Compd c-ch2 @A) CHf—Br (A) C—CgHz—Br o Ring/CHz—gr o Ref
1 1.488 (6) 1.992 (4) 1124 (3) 88.67 this work
9 1.465 (14) 1.971 (11) 110.3 (6) 77.07 [22]
7a? 1.466 (2) 1.908 (1) 116.68 (8) 75.65 [16]
7b 1.498 (4) 1.987 (3) 110.8 (2) 75.82 [17]
10a b 1.475 (4)-1.491 (5) 1.964 (4)-1.980 (2) 111.2 (2)-113.4 (2) 78.57-89.93 [23]
10b © 1.485 (4)-1.498 (6) 1.972 (4)-1.988 (3) 110.7 (2)-114.2 (2) 76.64-89.86 [24]
11 1.495 (3) 1.979 (3) 111.6 (2) 89.38 [25]
1.491 (3) 1.984 (2) 113.1 (2) 83.19
12 1.491 (3) 1.987 (2) 112.0 (1) 83.43 [26]
1.493 (2) 1.978 (2) 111.2 (1) 79.42
13 1.49 (1) 1.947 (8) 111.4 (5) 81.47 [27]
1.50 (1) 1.965 (8) 1104 (5) 84.45
14 1.49 (1) 1.991 (7) 112.3 (5) 82.45 [28]
15 1.497 (4) 1.975 (3) 110.1 (2) 78.99 [29]

2 powder diffraction; b range of 9 values; © range of 6 values.

3. Experimental Section

Melting points were recorded on a Reichert hot-stage microscope (Reichert, Vienna,
Austria) and are uncorrected. UV spectra were recorded using a Shimadzu (Milton Keynes,
UK) instrument and IR spectra were recorded on a Perkin-Elmer 1420 instrument (Perkin-
Elmer, Waltham, MA, USA). NMR spectra were recorded using a Bruker (Bruker, Billerica,
MA, USA) AV instrument at 300 MHz ('H) and a Bruker AV III instrument at 125.8 MHz
(3C) in CDCl3 with chemical shifts given with respect to Me,Si and coupling constants in
Hz. HRMS was recorded using a Thermo Fisher Exactive Orbitrap instrument in ESI mode.

2,6-Dimethoxybenzyl Bromide (1)

A solution of 2,6-dimethoxybenzyl alcohol [21] (1.0 g, 6.53 mmol) in dry diethyl ether
(20 mL) was stirred at 0 °C while PBr3 (0.21 mL, 2.18 mmol) was added dropwise. After
stirring for 1 h, methanol (2 mL) was added, followed by water (20 mL). The organic later
was separated and the aqueous layer extracted with Et,O (20 mL). The combined organic
extracts were dried (MgSQO,) and evaporated under reduced pressure to give the product
(1.32 g, 87%) as colourless crystals, mp 65-67 °C, which were stored at 5 °C in the dark;
UV /Vis (MeCN): Amax (log €) 291 (3.39), 278 (3.50), 246 (3.86) nm; IR (ATR): 3273, 1734,
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1593, 1474, 1433, 1258, 1150, 1107, 1088, 1032, 781, 735, 590, 523 cm~!; 'H-NMR (300 MHz,
CDCls): 7.24 (1H, t, ] = 8.4 Hz, 4-CH), 6.54 2H, d, ] = 8.4 Hz, 3,5-H), 4.70 (2H, s, CH;,Br),
3.89 (6H, s, 2 OCH3); '*C-NMR (126 MHz, CDCl3): 158.5 (2C, C-2,6), 130.1 (CH, C-4), 114.4
(C, C-1),103.7 (2CH, C-3,5), 55.9 (2 OCH3), 23.7 (CHj); HRMS (ESI): Calcd. for C9H17,0;
(M-Br): 151.0759. Found: 151.0752.

The structure was determined on a Rigaku XtaLAB 200 diffractometer using graphite
monochromated Mo K« radiation A = 0.71075 A.

Crystal data for CoHy1BrO,, M = 231.09 g mol !, colourless prism, crystal dimensions
0.18 x 0.10 x 0.02 mm, orthorhombic, space group Pna2; (No. 33), a2 = 13.297 (8), b = 5.033
(3),c=13.789 (9) A, a = B = =90.00°, V =922.8 (10) A3, Z =4, Deyjc = 1.663 g cm 3, T = 93 K,
R1=10.0269, Rw2 = 0.0654 for 1554 reflections with I > 20 (I), and 111 variables, R;,; 0.0537,
goodness of fit on F? 1.084. Data have been deposited at the Cambridge Crystallographic
Data Centre as CCDC 2097451. The data can be obtained free of charge from the Cambridge
Crystallographic Data Centre via http:/ /www.ccdc.cam.ac.uk/getstructures. The structure
was solved by direct methods and refined by full-matrix least-squares against F> (SHELXL
Version 2018 /3 [30]).

Supplementary Materials: The following are available online, Figure S1: UV spectrum of 1; Figure S2:
IR spectrum of 1; Figure S3: ITH-NMR spectrum of 1; Figure S4: 13C-NMR spectrum of 1; Figure S5:
HRMS measurement on 1.

Author Contributions: E.A.S. prepared the compound and obtained the NMR spectra; A.M.Z.S.
collected the X-ray data and solved the structure; R.A.A. designed the experiments, ran the IR and UV
spectra, analysed the data, and wrote the paper. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: The X-ray data is deposited at CCDC as stated above and all spectro-
scopic data is in the Supplementary Material.

Acknowledgments: The authors thank Iain Patterson for assistance with measuring the UV spectrum
and Caroline Horsburgh for carrying out the HRMS measurement.

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

References

1.

10.

11.

Nakajima, N.; Abe, R.; Yonemitsu, O. 3-Methoxybenzyl (3-MPM) and 3,5-dimethoxybenzyl (3,5-DMPM) protecting groups for
the hydroxy function less readily removable the 4-methoxybenzyl (MPM) and 3,4-dimethoxybenzyl (DMPM) protecting groups
by DDQ oxidation. Chem. Pharm. Bull. 1988, 36, 4244—-4247. [CrossRef]

Falck, J.R.; Barma, D.K,; Baati, R.; Mioskowski, C. Differential cleavage of arylmethyl ethers: Reactivity of 2,6-dimethoxybenzyl
ethers. Angew. Chem. Int. Ed. 2001, 40, 1281-1283. [CrossRef]

Smoot, J.T.; Demchenko, A.V. How the arming participating moieties can broaden the scope of chemoselective oligosaccharide
synthesis by allowing the inverse armed-disarmed approach. J. Org. Chem. 2008, 73, 8838-8850. [CrossRef] [PubMed]

Kaloglu, M.; Sahin, N.; Sémeril, D.; Brenner, E.; Matt, D.; Ozdemir, I.; Kaya, C.; Toupet, L. Copper-catalysed allylic substitution
using 2,8,14,20-tetrapentylresorcinarenyl-substituted imidazolium salts. Eur. J. Org. Chem. 2015, 7310-7316. [CrossRef]

Bernal, P; Fernandez, R.; Lassaletta, ].M. Organocatalytic asymmetric cyanosilylation of nitroalkenes. Chem. Eur. ]. 2010, 16,
7714-7718. [CrossRef]

Feng, L.; Lv, K.; Liu, M.; Wang, S.; Zhao, J.; You, X.; Li, S.; Cao, J.; Guo, H. Synthesis and in vitro antibacterial activity of
gemifloxacin derivatives containing a substituted benzyloxime moiety. Eur. J. Med. Chem. 2012, 55, 125-136. [CrossRef] [PubMed]
Dong, W.; Yuan, Y.; Liang, C.; Wu, F; Zhang, S.; Xie, X.; Zhang, Z. Photocatalytic radical ortho-dearomative cyclization: Access to
spiro[4.5]deca-1,7,9-trien-6-ones. J. Org. Chem. 2021, 86, 3697-3705. [CrossRef]

Silverman, LR.; Cohen, D.H.; Lyga, ].W.; Szczepanski, S.W.; Ali, S.F. Insecticidal N-(Substituted Arylmethyl)-4-[(Bis(Substituted
Phenyl)Methyl]Piperidines. U.S. Patent 1996 5569664, 29 October 1996.

Nussbaumer, P. Trisubstituted Phenyl Derivatives. U.S. Patent 1999 5990116, 23 November 1999.

Haworth, R.D.; Perkin, W.H., Jr. Synthetical experiments in the isoquinoline group. Part L. J. Chem. Soc. 1925, 127, 1434-1444.
[CrossRef]

Haworth, R.D.; Perkin, W.H., Jr.; Rankin, J. Synthetical experiments in the isoquinoline group. Part II. J. Chem. Soc. 1925, 127,
1444-1448. [CrossRef]


http://www.ccdc.cam.ac.uk/getstructures
http://doi.org/10.1248/cpb.36.4244
http://doi.org/10.1002/1521-3773(20010401)40:7&lt;1281::AID-ANIE1281&gt;3.0.CO;2-B
http://doi.org/10.1021/jo801551r
http://www.ncbi.nlm.nih.gov/pubmed/18939875
http://doi.org/10.1002/ejoc.201501070
http://doi.org/10.1002/chem.201001107
http://doi.org/10.1016/j.ejmech.2012.07.010
http://www.ncbi.nlm.nih.gov/pubmed/22841282
http://doi.org/10.1021/acs.joc.0c02477
http://doi.org/10.1039/CT9252701434
http://doi.org/10.1039/CT9252701444

Molbank 2021, 2021, M1277 60f6

12.

13.

14.

15.
16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Freudenberg, K.; Carrara, G.; Cohn, E. Eine umlagerungsreaktion des catechins. 21. Mitteilung {iber gerbstoffe und dhnliche
verbindungen. Liebigs Ann. Chem. 1926, 446, 87-95. [CrossRef]

Shulgin, A.T.; Gal, EM. A new synthesis of 2:5-dihydroxyphenyl-DL-alanine adapted to isotopic scale. J. Chem. Soc. 1953,
1316-1318. [CrossRef]

Hartzfeld, D.G.; Roser, S.D. Efficient pyrimidine dimer radical anion splitting in low polarity solvents. J. Am. Chem. Soc. 1993,
115, 850-854. [CrossRef]

Bhati, A. Syntheses of some tetralones related to tetracyclines. Tetrahedron 1962, 18, 1519-1526. [CrossRef]

Pan, Z.; Cheung, E.Y.; Harris, K.D.M.; Constable, E.C.; Housecroft, C.E. Structural properties of methoxy derivatives of benzyl
bromide, determined from powder X-ray diffraction data. Powder Diffr. 2005, 20, 345-352. [CrossRef]

Florke, U.; Aamer, S. Experimental crystal structure determination. CSD Commun. 2018, CCDC 1884625. [CrossRef]

Foulon, L.; Garcia, G.; Mettefeu, D.; Serradeil-Legal, C.; Valette, G. 1-Benzyl-1,3-Dihydroindol-2-One Derivatives, Their Prepara-
tion and the Pharmaceutical Compositions in which they are Present. U.S. Patent 1997 5618833, 8 April 1997.

Bold, G.; Capraro, H.-G.; Féssler, A.; Lang, M.; Bhagwat, S.S.; Khanna, S.C.; Lazdins, ].K.; Mestan, ]. Antiviral Ethers of Aspartate
Protease Substrate Isosteres. U.S. Patent 1997 5663200, 2 September 1997.

Konig, M.; Linhardt, A.; Briiggemenn, O.; Teasdale, I. Phosphine functionalized polyphosphazenes: Soluble and re-usable
polymeric reagents for highly efficient halogenations under Appel conditions. Monatsh. Chem. 2016, 147, 1575-1582. [CrossRef]
Bandaranayake, W.M.; Crombie, L.; Whiting, D.A. Pyridine-catalysed chromenylation of mono-chelated meta-dihydric-phenols
with mono-, sesqui- and di-terpene aldehydes: Synthesis of rubranine and flemingins A-, B- and C-methyl ethers. J. Chem. Soc. C
1971, 804-810. [CrossRef]

Nayak, S.K.; Sathishkumar, R.; Guru Row, T.N. Directing role of functional groups in selective generation of C-H...7 interactions:
In situ cryo-crystallographic studies on benzyl derivatives. CrystEngComm 2010, 12, 3112-3118. [CrossRef]

Koch, N.; Seichter, W.; Mazik, M. 1,3,5-Tris(bromomethyl)-2,4,6-trimethoxybenzene. Acta Crystallogr. Sect. E 2013, 69, 0679.
[CrossRef]

Nielsen, B.E.; Gotfredsen, H.; Rasmusen, B.; Tortzen, C.G.; Pittelkow, M. Simple procedures for the preparation of 1,3,5-
trisubstitited 2,4,6-trimethoxybenzenes. Synlett 2013, 24, 2437-2442. [CrossRef]

Morgans, G.L.; van Otterlo, W.A.L.; Michael, J.P.; Fernandes, M.A. 1-[3,5-Bis(bromomethyl)-2,4,6-trimethoxybenzyl]-3,5-
bis(bromomethyl)-2,4,6-trimethoxybenzene. Acta Crystallogr. Sect. E 2006, 62, 0168-0170. [CrossRef]

Hammerhgj, P.; Christensen, ].B. 2,3-Bis(bromomethyl)-1,4-dimethoxybenzene. Acta Crystallogr. Sect. E 2005, 61, 02839-02840.
[CrossRef]

Mendez-Rojas, M.A.; Ejsmont, K.; Watson, W.H. Synthesis and characterization of a 5,6-dibromobenzoquinone-phenyl maleimide
adduct. J. Chem. Crystallogr. 2002, 32, 177-184. [CrossRef]

Aitken, R.A ; Jethwa, S.J.; Richardson, N.V.; Slawin, A.M.Z. Regioselective bromination of 1,4-dimethoxy-2,3-dimethylbenzene
and conversion into sulfur-functionalised benzoquinones. Tetrahedron Lett. 2016, 57, 1563-1566. [CrossRef]

Akhtar, M.N.; Zareen, S.; Yeap, S.K.; Ho, W.Y;; Lo, KM.; Hasan, A.; Alitheen, N.B. Total synthesis, cytotoxic effects of damnacan-
thal, nordamnacanthal and related anthraquinone analogues. Molecules 2013, 18, 10042-10055. [CrossRef] [PubMed]

Sheldrick, G.M. A short history of SHELXL. Acta Crystallogr. Sect. A 2008, 64, 112-122. [CrossRef]


http://doi.org/10.1002/jlac.19264460107
http://doi.org/10.1039/JR9530001313
http://doi.org/10.1021/ja00056a004
http://doi.org/10.1016/S0040-4020(01)99309-3
http://doi.org/10.1154/1.2135789
http://doi.org/10.5517/ccdc.csd.cc2183ct
http://doi.org/10.1007/s00706-016-1791-x
http://doi.org/10.1039/j39710000804
http://doi.org/10.1039/c001190h
http://doi.org/10.1107/S1600536813008441
http://doi.org/10.1055/s-0033-1339639
http://doi.org/10.1107/S1600536805040559
http://doi.org/10.1107/S1600536805025079
http://doi.org/10.1023/A:1020287802834
http://doi.org/10.1016/j.tetlet.2016.02.091
http://doi.org/10.3390/molecules180810042
http://www.ncbi.nlm.nih.gov/pubmed/23966087
http://doi.org/10.1107/S0108767307043930

	Introduction 
	Results 
	Experimental Section 
	References

