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

Lo Py
SYNTHESIS OF 6-SUBSTITUTED 3-DEUTEROBENZO[A]PYRENE
- \:\L}"Illllf::';'l{;:]: i P. P. Fu® M. W. Chou®; L. E. Unruh®; J. P. Freeman®; D. W. Miller®; F. E. Evans®; R. Roth®
NTERNATIONAL 2 Department of Health and Human Services, National Center for Toxicological Res., Jefferson, AR ®
The New Joarae for rpanic Sya Midwest Research Institute, Kansas City, MO

To cite this Article Fu, P. P. , Chou, M. W., Unruh, L. E., Freeman, J. P. , Miller, D. W., Evans, F. E. and Roth, R.(1984)
'SYNTHESIS OF 6-SUBSTITUTED 3-DEUTEROBENZO[A]PYRENE', Organic Preparations and Procedures International,
16: 3, 279 — 285

To link to this Article: DOI: 10.1080/00304948409355458
URL: http://dx.doi.org/10.1080/00304948409355458

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/10.1080/00304948409355458
http://www.informaworld.com/terms-and-conditions-of-access.pdf

11: 34 27 January 2011

Downl oaded At:

ORGANIC PREPARATIONS AND PROCELURES INT. 16(3-L), 279-297 (1984)

OPPI BRIEFS

SYNTHESIS OF 6-SUBSTITUTED 3-DEUTEROBENZO[AJPYRENE

*
Submitted by P. P. Fu , M. W. Chou, L. E. Unruh, J. P. Freeman,
(12/23/84) D, W. Miller, F. E. Evans and R. Roth

Department of Health and Human Services
National Center for Toxicological Res., Jefferson, AR 72079

and
Midwest Research Institute, Kansas City, MO 64110

We report the synthesis of the 3-deuterobenzo[alpyrene (3-D-BaP) from
which 6-nitro-3-D-BaP (1), 6-amino-3-D-BaP (Il)}, 6-bromo-3-D-BaP (111},
6-formy1-3-D-BaP (IV), 6-hydroxymethyl-3-D-BaP (V) and 6-methyl-3-D-BaP
{V1) were obtained. For quantitation of the metabolic studies of 6-nitro-
BaP, [G—3H]-6-nitro-BaP (V1I) and [7-14C]—6-nitro-BaP were also prepared.

Nitration of 3-D-BaP by fuming nitric acid in acetic anhydride at 0°
yielded 1 with a trace of the 1- and 3-nitro-BaP and dinitro-BaP.1 Reduc-
tion of I with hydrazine and palladium on carbon afforded II. Compound 111
was synthesized directly by bromination of 3-D-BaP with N-bromosuccinimide

{NBS) in carbon tetrachloride (Scheme 1).
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Vilsmeier-Haack reaction2 of 3-D-BaP provided IV (Scheme 2). Reduction
of IV with sodium borohydride in methanol gave YV in high yield. Compound

VI was synthesized by a Wolff-Kishner reduction. The structure and the
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deuterium content of each compound (I-VI) was determined by the analysis of
the 500 MHz proton NMR spectra. The assigned 500 MHz proton NMR spectra of
6-N02-BaP and compound I are shown in Fig. 2.

Nitration of [G-3H]—BaP and [7-14C]-BaP under similar conditions as
described for compound I gave the radiocactive VII and [7-14C]—6-nitro-BaP,
respectively. The availability of compound VII enabled quantification of
rat liver microsomal metabolism of 6-n1‘tro-BaP.3 Because compound I was
prepared, the major metabolite of 6-nitro-BaP, 3-hydroxy-6-nitro-BaP, was
found to be formed via rearrangement of an unstable 2,3-epoxide interme-
diate.’

EXPERIMENTAL SECTION
NaBD, (98% atom) and NaBHy were purchased from ICN Corp., Irvine, CA. DDQ,
NBS, phosphorus oxychloride, and N-methylformanilide were purchased from
Aldrich Chemical Co., Milwaukee, WI. The ketone, 1,6,10b,11,12,12b-hexa-
hydro-BaP-3(2H)-one, was synthesized according to the method of Cook

et.al.5 [7-14C]-BaP (8.56 mCi/mm} was purchased from Pathfinder Labora-
Tories Inc., St. Louis, MO. IH NMR spectra were recorded with a Bruker
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WM-500 spectrometer. Acetone— Dg was employed as the solvent and chemical
shifts were reported downfield from the internal standard tetramethylsi-
lane. Mass spectra were obtained on a Finnigan 4023 GC/MS/data system at
70eV with a solid probe. The radioactivity was determined on a Tracor
Analytic Mark 111 liquid scintillation spectrometer system.

Figure 1 2
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3-Deuterobenzolalpyrene (3-D-BaP).- This compound was synthesized as pre-

viously described,5 except a larger scale reaction was carried out, and the

product {75% yield) was analyzed by high resolution IH NMR spectroscopy; mp
178-179°, 1it.° 178-1799; mass spectrum: m/e 253 (M*); NMR (Fig. 1): 7.83
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(dd, 1, H9), 7.89 (dd, 1, H8), 8.03 (d, 1, H4), 8.04 (d, 1, H2), 8.11 (d,

1,4 = 9.2 Hz, H5), 8.34 (d, 1, J = 7.7 Hz, Hl)’ 8.39 (d, 1, J7,8 =

4,5
8.1 Hz, H,), 8.45 (d, 1, H

1,2

, 8.67 (s, 1, H6), 9.20 (d, 1, J = 8.2 Hz,

12) 9,10
HlO) and 9.22 ppm (d, 1, J11,12 = 9.1 Hz, Hll)' NMR spectral analysis
indicated that the product contained 92 atom % deuterium.

3-Deutero-6-nitrobenzolalpyrene (1).- Sodium nitrate (170 mg, 2 mmol) in 50

ml of trifluoroacetic acid was added to a benzene (50 m1) solution of 3-D-
BaP (506 mg, 2 mmol) and stirred 6 hrs under nitrogen at 0°. The reaction
mixture was partitioned between benzene and water. The organic layer was
separated, dried over MgSO4, and the solvent was removed under reduced
pressure. The residue was chromatographed on Florisil and eluted with
benzene. Recrystallization from benzene gave 1 (360 mg, 60%), mp. 251-2530;
mass spectrum: m/e 300 (M'); NMR: 7.93 (d, 1, Hg), 8.06-8.02 (m, 2, Hg o),
8.16 (m, 1, H7), 8.19 (d, 1, Hz), 8.34 (d, 1, J4’5 = 7.2 Hz, H4), 8.55 (d,
1, Jl,2 = 8.1 Hz, Hl), 8.65 (d, 1, le), 9.35 (d, 1, J11,12 = 9.2 Hz, Hll)
and 9.37 ppm (m, 1, HlO)'

[7-14C]—6-Nitrobenzo[a]pyrene.- A solution of [7-14C]—BaP (8.5 mg, specific

activity 8.56 mCi/mmol), acetic acid (10 m1), acetic anhydride (10 ml) and
fuming nitric acid (34 mmol) was stirred at 4° under nitrogen overnight.
After conventional workup, crude [7-140]—6-n1tro—BaP was obtained. Upon
purification by HPLC {Zorbax SIL 6.2 X 250 mm) eluted with 3% THF in hexane
at 2 ml/min, pure [7-14C]6-nitro-BaP was obtained (2.2 mg, specific
activity 10.8 mCi/mmol).

[G-3H]-6-nitro—BaP.- A solution of red fuming nitric acid (d = 1.6, 1.7 ml)

in ice-cold water (2.8 m1) was added rapidly with stirring to a solution of
[G'3H]-BaP (Amersham) (699 mg, 2.77 mmoles, 333 mCi) in doxane (50 mi).
After stirring for 30 min, the yellow-orange precipitate was collected and

washed with 10 m} of dioxane. This crude product was crystallized twice
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from hot benzene to yield 270 mg of pure [G-3H]—6-nitrobenzo(a)pyrene. The
solvent was evaporated from the mother liquors, and the residue was chroma-
tographed on a column of silica gel 60 (2.5 x 30 cm) eluting with hexane,
gradually changing to hexane:benzene, 3:1. Pure fractions were combined
and the recovered solid was crystallized from hot benzene to yield 150 mg
of [G—3H]-6-nitrobenzo(a)pyrene, with a specific activity of 93.2
mCi/mmole.

3-Deutero-6-aminobenzolalpyrene (11).- Compound 1 (150 mg, 0.5 mmol) in 95%

ethanol (30 ml1), 5% Pd/C (5 mg) and 99% hydrazine (0.5 ml1) were heated at
reflux for 1.5 hrs. The cooled reaction mixture was poured onto anhydrous
Na,S0, and filtered through Celite. The filtrate was concentrated to ca. 5
ml under reduced pressure. The concentrated solution was chromatographed
over neutral alumina by eluting with benzene affording 1I, 116 mg {86%),
mp. 236-238° (benzene); mass spectrum: m/e 268 (M*); NMR: 6.33 (bs, 2,

NH,), 7.76-7.80 (m, 2, H4,8)’ 7.84 (d, 1, J1,2 = 7.3 Hz, HZ)’ 7.85 (dd, 1,

2
J9,10 = 9.0 Hz, Hg), 8.00 (d, 1, Jll,lZ = 9.0 Hz, le), 8.05 (d, 1, Hl),
8.29 (d, 1, J4’5 = 9.5 Hz, H5), 8.63 (d, 1, J7,8 = 8.2 Hz, H7), 8.96 (d, 1,
Hll) and 9.12 ppm (d, 1, Hlo).

3-Deutero-6-bromobenzolalpyrene (111).- A mixture of 3-D-BaP (200 mg, 0.75

mmol) and NBS (135 mg, 0.75 mmol) in CC1, (15 m1) was heated at reflux for
2 hrs. The precipitate (succinimide) was removed by filtration. Chromato-
graphy of the filtrate on Florisil with benzene as the eluant afforded 111
(220 mg), mp. 223-224° (benzene); mass spectrum: m/e 331 (M+); NMR: 7.93-
8.00 (m, 2, H8,9)’ 8.08 (d, 1, H,), 8.18 (d, 1, H4), 8.39 (d, 1, J1,2 = 7.7
Hz, Hl), 8.48 (d, 1, le), 8.54 (d, 1, J4’5 = 9.5 Hz, H5), 8.85 (m, 1, H,),

9.21 (d, 1, J = 9.5 Hz, Hll) and 9.23 (m, 1, HIO).

11,12
3-Deutero-6-formyibenzolalpyrene (IV).- A mixture of N-methylformanilide

{0.28 m1) and phosphorus oxychloride (0.18 ml1) was stirred at ambient
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temperature under nitrogen until the formyl reagent formed as a solid cake.
Compound I (253 mg, 1.0 mmol) and 2 ml of dimethylformamide were added and
the mixture was heated at 70° for 6 hrs. The reaction products were parti-
tioned between ethyl acetate and water. The organic layer was separated,
dried over MgSO4 and the solvent was removed under reduced pressure.
Chromatography of the residue on Florisil with hexane as the eluant gave
the recovered 3-D-BaP (36 mg). Elution with benzene-ethyl acetate (4:1)
gave IV (172 mg), mp. 201-203° (acetone); mass spectrum: m/e 281 (M+); NMR :

7.94- 7.98 (m, 2, H 8.16 (d, 1, HZ)’ 8.32 (d, 1, H4), 8.50 (d, 1, J

8,9
= 7.9 Hz, H), 8.65 (d, 1,

1,2

= 9.2 Hz, H,,), 9.08 (d, 1, J = 9.6

11,12 12 4.5

Hz, Hg), 9.30-9.35 (m, 3, Hy 15 1)) and 11.69 ppm (s, 1, CHO).

3-Deutero-6-hydroxymethylbenzo[alpyrene {V).- A solution of VI (56 mg, 0.2

mmol) in THF (15 m}) was stirred with NaBH, (38 mg, 1.0 mmol) in methanol
(30 m1) for 1 hr at ambient temperature. The solution was concentrated to
ca. 5 ml under reduced pressure, chromatographed on Florisil, and elution
with benzene yielded 50 mg of V; mp. 270-271° (benzene); mass spectrum: m/e
283 (M+); NMR: 5.77 (s, 2, CHZ)’ 7.86-7.90 (m, 2, H8,9}’ 8.04 (d, 1, HZ)’
8.09 (d, 1, Hy), 8.29 (d, 1, J; , = 7.9 Hz, H)), 8.43 (d, 1, H},), 8.59 (d,
1, g 5 = 9.6 Hz, Hg), 8.86 (m, 1, Hy), 9.24 (d, 1, Jy) ;5 = 9.6 Hz, H))
and 9.26 ppm (m, 1, HlO)'

3-Deutero-6-methylbenzolalpyrene (VI).- A solution of VI (113 mg, 0.4

mmol), n-amyl alcohol (30 ml) and 99% hydrazine (0.8 ml) was heated at
reflux for 24 hrs. After cooling, KOH pellets (220 mg) were added and the
reaction mixture was refluxed for 24 hrs. The reaction mixture was parti-
tioned between ethyl ether and water. The organic layer was separated,
dried and the solvent removed under reduced pressure. The resulting solid
was chromatographed on Florisil and elution with hexane yielded IV (98 mg),

mp. 217-219° {benzene); mass spectrum: m/e 267 (M+); NMR: 3.26 (s, 3, CH3),
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7.86-7.90 (m, 2, H8,9)’ 8.00 (d, 1, HZ), 8.04 (d, 1, H4), 8.29 (d, 1, Jl,?
= 9.0 Hz, Hl)’ 8.35 (d, 1, le}, 8.43 (d, 1, d = 9.0 Hz, Hs}, 8.65 (m,

).

4,5

1, H,), 9.19 (d, 1, J = 9.0 Hz, Hll) and 9.23 ppm (m, 1, H1

7 11,12 0
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