This article was downloaded by:

On: 27 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Organic Preparations and Procedures International
Publication details, including instructions for authors and subscription information:

0P http://www.informaworld.com/smpp/title~content=t902189982

Py
e semecrone | NFBROMOSUCCINIMIDE-CHLOROFORM, A MORE CONVENIENT
AND PROCEDURES METHOD TO NUCLEAR BROMINATE REACTIVE AROMATIC
e HYDROCARBONS
Reginald H. Mitchell*; Yongsheng Chen?* Ji Zhang®
* Department of Chemistry, University of Victoria, Victoria, BC, CANADA

To cite this Article Mitchell, Reginald H. , Chen, Yongsheng and Zhang, Ji(1997) 'N-BROMOSUCCINIMIDE-
CHLOROFORM, A MORE CONVENIENT METHOD TO NUCLEAR BROMINATE REACTIVE AROMATIC
HYDROCARBONS', Organic Preparations and Procedures International, 29: 6, 715 — 719

To link to this Article: DOI: 10.1080/00304949709355255
URL: http://dx.doi.org/10.1080/00304949709355255

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://wwinformworld.coniterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmmges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this nmaterial.



http://www.informaworld.com/smpp/title~content=t902189982
http://dx.doi.org/10.1080/00304949709355255
http://www.informaworld.com/terms-and-conditions-of-access.pdf

08: 08 27 January 2011

Downl oaded At:

Volume 29, No. 6, 1997 OPPI BRIEFS

10. I. Pastan, M. M. Gottesman, K. Ueda, E. Lovelace, A. V. Rutherford and M. C. Willingham,
Proc. Natl. Acad. Sci. 85, 4486 (1988).

11. ]. L. Weaver, S. Gabor, P. S. Pine, M. M. Gottesman, S. Gohlenberg and A. A. Aszalos, Int. J.
Cancer, 54, 456 (1993).

12. W. D. Ollis and J. F. Stoddart, Chem. Commun., 571 (1973).

ko ko ok ok

N-BROMOSUCCINIMIDE - CHLOROFORM, A MORE CONVENIENT METHOD TO
NUCLEAR BROMINATE REACTIVE AROMATIC HYDROCARBONS

Submitted by Reginald H. Mitchell”, Yongsheng Chen, and Ji Zhang
(06/25/97)
Department of Chemistry, University of Victoria, PO Box 3065
Victoria, BC, CANADA VEW 3V6

Although NBS is well known as a free radical brominating reagent for allylic and benzylic hydrogens,
its use in the electrophilic bromination of aromatic rings is much less known. In 1979, we reported the
use of NBS-DMF as a mild, selective nuclear monobromination reagent for reactive aromatic
compounds.’ Even though DMF is not the easiest solvent to handle, this reagent has since that time,
found use in a variety of cases,”many of which are quite complex natural products. However, we have
noted® that if the DMF is wet, problems can occur; for example, the dihydropyrene 1 gives bromide 2
with dry DMF, but quinone 3 if the DMF contains traces of water. Others* have also observed that

o
Br ‘
I‘E ‘l‘i |‘© 'I‘E Br
O O 0 O
1 2 3 4
DMEF is not an easy solvent to remove, having both a high boiling point and limited solubility in
water, and thus investigated acetonitrile as an alternative solvent for methoxybenzenes and naph-

thalenes. In cases that are sensitive to water, the use of acetonitrile can present problems. Neverthe-
less, in order to obtain reasonable reaction rates at room temperature, some polarity in the solvent is
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required. Therefore we investigated the much easier handled solvent, chloroform and now report that
NBS-CHCI, at room temperature provides a convenient method to effect the nuclear bromina-
tion of reactive aromatic substrates such as anilines, anisoles, phenols, thiophene, mesitylene,
azulene, pyrene and trans-10b,10c-dimethyldihydropyrene to give products which are easily
isolated. Two or more bromine atoms can be introduced for thiophene, azulene and trans-
dimethyldihydropyrene. Rather than optimize each individual case, we have attempted to establish

conditions that work well for a variety of substrates.

o

Z=0H NBS
Z=NH, X=H X =Br
Z =0CH;, CHCl3

Azulene does not form a monobromide cleanly, but can be dibrominated (below).
Anthracene only forms about 30% of 9-bromoanthracene under the above conditions. It is interesting
that dihydropyrene 1 gives almost exclusively (>95%) the 2-bromide 2 in dried DMF, whereas in
acetonitrile a 3:1 mixture of 2 and 4 is obtained; in CHClI, the ratio of these two isomers is 1:1. The
use of CHCI, is thus especially useful, since access to the 4-derivatives of dihydropyrene has been
very restricted until now.’

The use of larger quantities of NBS permits higher brominated products to be obtained.
With 2 equivalents of NBS, thiophene gave 56% of 2,3-dibromothiophene®® 7. Azulene cleanly
yields 86% of 1,3-dibromoazulene, 8, mp 76-77° 8if acetic acid (2 mL/100mL) is added to the CHClS;
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otherwise reaction is not complete. Likewise the substituted azulene 9 yields dibromoazulene 10, in
57% yield. The 2,7-di-tert-butyl derivative of 1 with 2 equivalents of NBS in CHCI, yields >95% of
the 1:1 mixture of dibromides 11 and 12.°

With 4 equivalents of NBS in CHCI, at room temperature for 24 h and followed by reflux
for 24 h, Dihydropyrene (1) actually yields about 60% of tetrabromide, from which 36% of the tetra-
bromide 13 can be obtained pure by fractional recrystallization. Further bromination of 13 is slow, 10
equivalents of NBS yield pentabromide, from which 14 can be obtained in 21% yield by fractional
recrystallization.

In summary, we believe that NBS-CHC], is a useful addition to the reagents that can nuclear

brominate reactive aromatic hydrocarbons under mild conditions.
EXPERIMENTAL SECTION

Melting points were determined on a Reichert 7905 melting point apparatus. IR spectra, major peaks
only, were recorded on a Bruker IFS25 FT-IR as KBr disks. Proton NMR spectra were recorded at
300 MHz in CDCI, on a Bruker AC300 ("*C NMR at 75.5 MHz). Mass spectra were measured on a
Kratos Concept-H instrument. Elemental analyses were carried out by Canadian Microanalytical
Services, Ltd, Vancouver, BC. All evaporations were carried out at reduced pressure, and the silica
gel was Merck, 70-230 mesh.

TABLE 1. Monobromination of Substrates using NBS-CHCI, (General Procedure).

Substrate Product Yield Identity?
Aniline p-bromoaniline 90% 2,482A
Anisole p-bromoanisole 84% 2,187A
Phenol p-bromophenol 81% 2,253C
m-Cresol 4-bromo-m-cresol 85% b
Mesitylene 2-bromomesitylene 90% 2,122A
Pyrene 2-bromopyrene 96% b
Thiophene 2-bromothiophene 71% ¢
5 6 95% d
1 2and 4(1:1) 80% ¢

a) Samples were compared to authentic samples by 'H and '*C NMR, and by mp where appropriate;
e. g. 2, 482A refers to the Aldrich Library of *C and 'H FT NMR Spectra, Edition I, spectrum
number. b) Prepared by us previously.! ¢) Oil’; Reference Sc gives the '"H NMR spectra of both
2- and 3-bromothiophene which are completely different. d) Oil; properties below. ¢) '"H NMR
spectrum below.

General Procedure.- The arene (2 mmol) and NBS (2.1 mmol) were stirred in reagent grade CHCI,
(as obtained, 25 mL) at 15-20° for 24 h. The mixture was then washed with water, and additional
CHCI, was added if needed, and then the organic layer was dried and evaporated to give product.
Further purification was generally not necessary but if required, chromatography over silica gel with
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hexane as eluant was used. The results are shown in Table 1. On the 100 mmol scale, 300 mL of
CHCI, can be used.

Compound 6: '"H NMR 5.06 (s, 2H, -CH,0-), 4.94 (s, 2H, -CH,0-), 2.16 (s, 3H, -CH,), 2.00 (s, 6H,
-COCH,); “C NMR: 8 170.7, 170.6, 137.0, 135.1, 132.5, 115.1, 59.2, 58.2, 20.8, 20.7, 12.7; IR (KBr)
1743 cm'.

Anal. Calcd for C,\H,,BrO,S: C, 41.14; H, 4.08. Found: C, 40.86; H, 4.52

Compound 4: 'H NMR 8.90 (d, H-3), 8.85 (s, H-5), 8.64-8.54 (m, H-1,6,8,9,10), 8.20 (t, H- 2), 8.13
(t, H-7), -4.14 and -4.15 (s, -CH,). This compound could not be separated pure from 2, but is easily
distinguished by 'H NMR (see reference 6 for 'H NMR of 2).

1,3-Dibromoazulene (8), from azulene (256 mg, 2.0 mmol) and NBS (712 mg, 4.0 mmol) in CHCI,
(49 mL + 1 mL acetic acid) using the general procedure above gave 492 mg (86%) of 8, mp 76-77°
(lit* mp 76-77°); '"H NMR: & 8.29 (d, 2H, J = 9.5 Hz), 7.79 (s, 1H), 7.67 (t, 1H, J = 9.5 Hz), 7.26 (t,
2H,1=9.5 Hz); *C NMR: 6 140.1, 138.2, 136.7, 135.8, 124.1, 102.7.
1,3-Dibremo-5,7-bis(methylcarbonyloxymethyl)-6-methylazulene (10), from 9 (240 mg, 0.84
mmol), NBS (300 mg, 1.7 mmol) and CHCL,-AcOH (49 mL + 1 mL) was obtained 210 mg (57%) of
10, mp 148-150°; 'H NMR: & 8.30 (s, 2H), 7.72 (s, 1H), 5.32 (s, 4H), 4.82, (s, 2H), 2.61 (s, 3H), 2.14
(s, 6H); * C NMR: 8 170.8, 152.2, 138.9, 138.3, 133.0, 130.0, 104.5, 69.7, 21.0, 20.8; IR (KBr) 1730
cm'; MS (FAB) M* at m/z 442, 444, 446.

Anal. Caled for C H, Br,0,: C, 45.98; H, 3.63. Found: C, 46.12; H, 3.61
2,4,7,9-Tetrabromo-10b,10c-dimethyl-10b,10c-dihydropyrene (13), by the general procedure
using 4 equiv. of NBS, followed by an additional 24 hours at reflux. Three recrystallizations from
methanol yielded 36% of dark green crystals, mp 231-232°; 'H NMR: & 8.99 (s, 2H), 8.69 (s, 2H),
8.64 (s, 2H), -3.76 (s, 6H); '*C NMR: 3 137.0, 132.9, 128 2, 127.9, 127.6, 121.1, 117.2, 31.9, 14.3.
Anal. Calcd for C H,,Br,: C, 39.46; H, 2.21. Found: C, 39.28; H, 2.25
2,4,5,7,9-Pentabromo-10b,10c-dimethyl-10b,10c-dihydropyrene (14).- As for 13, except 10 equiv.
NBS used. Three recrystallizations from methanol gave 21% of dark green crystals of 14, mp 247-
248° 'H NMR: 6 9.15 (s, 1H), 9.12 (s, 1H), 9.01 (s, 1H), 8.67 (s, 1H), 8.63 (s, 1H), -3.62 (s, 3H), -

3.64 (s, 3H); HRMS calcd for C ;H, l79Br5: 621.6778. Found: 621.6771.
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REFERENCES
1. R.H.Mitchell, Y. H. Lai and R. V. Williams, J. Org. Chem., 44, 4733 (1979).
2. R. C. Cambie, R. C. Hayward and B. D. Palmer, Australian J. Chem., 35, 1679 (1982); R. C.
Cambie and B. D. Palmer, ibid., 35, 827 (1982); A. E. Guthrie, J. E. Semple and M. M. Joullie,
J. Org. Chem., 47, 2369 (1982); E. Kiehlmann, D. M. Van and H. K. Hundt, Org. Prep. Proc. Int.,

15, 341 (1983); M. E. Cracknell, R. A. Kabli, J. F. McOmie and D. H. Perry, J. Chem. Soc., Perkin
I, 115 (1985); M. Numazawa, Y. Ogura, K. Kimura and M. Nagaoka, J. Chem. Res., 3701 (1985);

718



08: 08 27 January 2011

Downl oaded At:

Volume 29, No. 6, 1997 OPPI BRIEFS

F. Xu and C. Chen, J. Shanghai. Univ. Sci. Technol., 9, 43 (1986)[Chem. Abstr., 106 (25),
213507q); B. Danieli, G. Lesma, G. Palmisano and R. Riva, J. Chem. Soc., Perkin I, 155 (1987);
R. Gruber, G. Kirsch and D Cagniant, Bull. Soc. Chim. Fr., 498 (1987); R. A. Outten and J. G.
Daves, J. Org. Chem., 52, 5064 (1987); S. P. Tanis, Y. H. Chuang and D. B. Head, ibid., 53, 4929
(1988); L. C. Groenen, W. Verboom, W. H. Nijhuis, D. N. Reinhoudt, G. J. Hummel and D. Feil,
Tetrahedron, 44, 4637 (1988); F. Xu and W. Wu, J. Shanghai Univ. Sci. Technol., 11, 110
(1988)[Chem. Abstr., 112, 76509z]; R. A. Outten and J. G. Daves, J. Org. Chem., 54, 29 (1989); R.
C. Cambie, S. J. Janssen, P. S. Rutledge and P. D. Woodgate, J. Organomet. Chem., 420, 387
(1991); G. D. Zhu, D. H. Chen, J. H. Huang, C. S. Chi and F. K. Liu, J. Org. Chem., 57, 2316
(1992); K. Tamao, Y. Yamaguchi, M. Shiozaki, Y. Nakagawa and Y. Ito, J. Am. Chem. Soc., 114,
5867 (1992); Y. H. Lai and T. G. Peck, Australian J. Chem., 45, 2067 (1992); P. Bauerle,
G. Gotz, A. Synowczyk and J. Heinze, Ann., 279 (1996).

. R.H. Mitchell and X. Jin, Tetrahedron Lett., 36, 4357 (1995).

. M. C. Carreno, J. L. Ruano, G. Sanz, M. A. Toledo and A. Urbano, J. Org. Chem., 60, 5328

(1995).

. a) R. Mozingo, S. A. Harris, D. E. Wolf, C. E. Hoffhine, N. R. Easton and K. Folkers, J. Am.

Chem. Soc., 67, 2092 (1945); b) D. E. Pearson, M. G. Frazer, V. S. Frazer and L. C. Washburn,
Synthesis, 621 (1976); c) G. J. Martin, B. Mechin, Y. Leroux, C. Paulmier and J. C. Meunier,
J. Organomet. Chem., 67, 327 (1974).

. R. H. Mitchell, V. S. Iyer, N. Khalifa, R. Mahadevan, S. Venugopalan, S. A. Weerawarna and P.

Zhou, J. Am. Chem. Soc., 117, 1514 (1995).

. R H.Mitchell, D. Y. Lau and A. Miyazawa, Org. Prep. Proc. Int., 28, 713 (1996).
. A.G. Anderson, J. A. Nelson and J. J. Tazuma, J. Am. Chem. Soc., 75, 4980 (1953).

. R.H. Mitchell and Y. Chen, Tetrahedron Lett. 37, 5239 (1996).

719



