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Abstract—An efficient and simple synthesis of highly congested 2-benzyloxy-3-benzyloxymethyl-5-sec-aminobiphenyl-4-carbonitr-
iles 3a—e has been delineated through base catalyzed ring transformation of 6-aryl-4-sec-amino-2 H-pyran-2-one-3-carbonitriles 1
by 1,3-bisbenzyloxypropan-2-one 2. Debenzylation of both the O-benzyl groups of 3a—e with boron trichloride provided the corre-
sponding diols, 2-hydroxy-3-hydroxymethyl -5-sec-aminobiphenyl-4-carbonitriles 4a—e in very good yields.

© 2007 Elsevier Ltd. All rights reserved.

The synthesis of highly functionalized and substituted
benzene building blocks is of great significance due to
their ubiquitous presence in various natural products,
for example I, II. A frequently used subunit in natural
product synthesis is 2-hydroxybenzyl alcohol. Addition-
ally, these are useful precursors for the construction of
anti-HIV agents' and positron emission tomography
(PET) probes? for imaging amyloid plaques. The wide
ranging therapeutic applications and their synthetic
potential aroused our interest in developing a novel
protocol for the construction of highly congested aryl-
tethered 2-hydroxybenzyl alcohols with electron-
donating and -attracting substituents.

2-Hydroxybenzyl alcohols have generally been pre-
pared® from phenols and paraformaldehyde under
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acidic or basic conditions. The catalytic reduction of sal-
icylaldehyde* and salicylic acids’ is an alternative route
for the synthesis of substituted 2-hydroxybenzyl alco-
hols. They can also be obtained by the oxidation of
2-cresol.’ The reduction of benzoxazine’ by lithium
borohydride in THF also furnished 2-hydroxybenzyl
alcohols. Recently, 2,2-dimethyl-1,3-dibenzodioxan-4-
ones have been identified as versatile precursors for
the construction of congested 2-hydroxybenzyl alcohols
through their reduction using various reducing agents.
Thus, the reduction of 2,2-dimethyl-1,3-dibenzodioxan-
4-ones with the excess of LAH® at room temperature
readily provided the corresponding diols. Even halo-
substituted 2,2-dimethyl-1,3-dibenzodioxan-4-ones can
be conveniently reduced’*!° by LAH to the respective
2-hydroxybenzyl alcohols without affecting the halo
substituent. Similarly, reduction with excess of LiBH4
(4 equiv) at room temperature furnished the desired
compounds in very good yields. The stability of func-
tional groups and orthogonally protected phenols direct
the selection of reducing agents.!! The various com-
monly used methodologies are summarized in Scheme 1.

Herein, we report an efficient and concise protocol for
the construction of highly congested aryl-tethered 2-
hydroxybenzyl alcohols in two steps. The first step is
the synthesis of 2-benzyloxy-3-benzyloxymethyl-5-sec-
aminobiphenyl-4-carbonitriles 3 through base catalyzed
ring transformation of suitably functionalized 2-pyra-
nones 1 by 1,3-dibenzyloxy-2-propanone 2. The second
step is O-debenzylation of both the benzyloxy groups
by stirring with BCl; in methylene chloride at —78 °C
to obtain the 2-hydroxy-3-hydroxymethyl-5-sec-amino
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Scheme 1. Summary of the known synthetic procedures. Reagents: (i)
HCI/AcOH or H3BOs/benzene or NaOH/p-glucose; (ii) (CF3CO),0/
TFA/LAH/THF or NaBH,/LiClO; or PyBH3/CHCIl; or Bu;SnH/
MeOH; (iii) LAH/THF or Zn(BH,),/cyclohexene or Ca(BHy),; (iv)
LAH or LiBHy; (v) Oo/MeOH/pyridine; (vi) LiBH,/LiBH(Et)s.

biphenyl-4-carbonitriles. The various 6-aryl-4-sec-
amino-2 H-pyran-2-one-3-carbonitriles 1a—e used as pre-
cursors were prepared in two steps. The first step was the
preparation of 6-aryl-4-methylsulfanyl-2 H-pyran-2-one-
3-carbonitriles from the reaction of methyl 2-cyano-3,3-
dimethylthioacrylate and aryl methyl ketones.!? Amina-
tion!® with a sec-amine in refluxing alcohol furnished
la—e. Ketone 1,3-dibenzyloxy-2-propanone 2 used as a
source of carbanion for the ring transformation reac-
tions was prepared by Swern oxidation of 1,3-bis-
(benzyloxy)-2-hydroxypropane, obtained from glycerol
by the literature procedure.'*

Thus, stirring an equimolar mixture of 1, 1,3-dibenzyl-
oxy-2-propanone 2 in the presence of powdered KOH
in DMF at room temperature for 2-4 h afforded 2-ben-
zyloxy-3-benzyloxymethyl-5-sec-aminobiphenyl-4-carbo-
nitriles 3a—e. O-Debenzylation of 3a—e with BCl; gave
2-hydroxy-3-hydroxymethyl-5-sec-aminobiphenyl-4-car-
bonitriles 4a—e.

It is evident from the topography of 6-aryl-4-sec-amino-
2 H-pyran-2-one-3-carbonitrile 1 that it possesses three
electrophilic centres C-2, C-4 and C-6 in which the latter
is highly prone to nucleophilic attack due to extended
conjugation and the presence of the electron-withdraw-
ing CN substituent at position 3 of the 2-pyranone ring.
This reaction may follow either of the two paths A and
B to produce 3. If the reaction follows the path A the
carbanion generated from 2 in situ in the presence of a
base, attacks at C-6 of the pyran ring 1 with ring open-
ing followed by ring closure with concomitant loss of
carbon dioxide and water to yield 3. If the reaction
follows the path B, the first step is the formation of a
Michael adduct in situ followed by cyclization involving
C-3 of 2-pyranone 1 and carbonyl function of adduct
intermediate with the liberation of carbon dioxide and
water to produce 3, as shown in Scheme 2.

All the synthesized compounds listed in Table 1 were
characterized by spectroscopic and elemental analyses.'?
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Scheme 2. Plausible mechanisms for the formation of 4a—e.

Table 1. List of the synthesized compounds 3 and 4

1,3,4 Ar R Yield (%)
3 4
a 4-Br-CgHy Pyrrolidin-1-yl 74 82
b 2-Naphthyl Pyrrolidin-1-yl 72 84
c 2-Naphthyl 4-Methylpiperidin-1-yl 70 78
d 2-Naphthyl 4-Phenylpiperazin-1-yl 68 80
e 4-Br-C¢Hy 4-Phenylpiperazin-1-yl 71 85

In summary, this protocol provides a novel route for the
synthesis of highly congested aryl-tethered 2-hydroxy-
benzyl alcohols with electron-withdrawing and -donating
substituents through base catalyzed ring transformation
of suitably functionalized 2-pyranones by 1,3-dibenzyl-
oxy-2-propanone in very good yields without a catalyst.
This is an efficient way to synthesize congested biphenyl
diols not easily obtainable by other reported literature
procedures.

Acknowledgement
The authors thank the Sophisticated Analytical Instru-

ment Facility, CDRI, Lucknow for providing spectro-
scopic data and elemental analyses.



10.

11.

12.

13.

14.

15.

Farhanullah et al. | Tetrahedron Letters 48 (2007) 8213-8216 8215

References and notes

. (a) Ducho, C.; Balzarini, J.; Naesens, L.; De Clercq, E.;

Meier, C. Antiviral Chem. Chemother. 2002, 13, 129-141;
(b) Ducho, C.; Wendicke, S.; Gorbig, U.; Balzarini, J.;
Meier, C. Eur. J. Org. Chem. 2003, 4786-4791.

. Ono, M.; Kawashima, H.; Nonaka, A.; Kawai, T,

Haratake, M.; Mori, H.; Kung, M.-P.; Kung, H. F;
Saji, H.; Nakayama, M. J. Med. Chem. 2006, 49, 2725—
2730.

. (a) Casiraghi, G.; Casnati, G.; Puglia, G.; Sartori, G.

Synthesis 1980, 124-125; (b) Morozumi, T.; Uetsuka, H.;
Komiyama, M. J. Mol Catal. 1991, 70, 399-406; (c)
Komiyama, M. J. Chem. Soc., Perkin Trans. 1 1989, 2031—
2034; (d) Morozumi, T.; Uetsuka, H.; Komiyama, M.;
Pitha, J. J. Mol. Catal 1991, 70, 399-406; (¢) Goswami, J.;
Borthakur, N.; Goswami, A. J. Chem. Res. (S) 2003, 200—
203.

. (a) Talukdar, S.; Fang, J.-M. J. Org. Chem. 2001, 66, 330—

333; (b) Kamiura, K.; Wada, M. Tetrahedron Lett. 1999,
40, 9059-9062; (c) Chen, J.; Wayman, K. A.; Belshe, M.
A.; DeMare, M. J. Org. Chem. 1994, 59, 523-527; (d)
Akamanchi, K. G.; Varalakshmy, N. R.; Choudhari, B. A.
Synlett 1997, 371-372; (e) Kardile, G. B.; Desai, D. G.;
Swami, S. S. Synth. Commun. 1999, 29, 2129-2131.

. (a) Cho, S.-D.; Park, Y.-D.; Kim, J.-J.; Falck, J. R.; Yoon,

Y.-J. Bull Korean Chem. Soc. 2004, 25, 407-409; (b)
Narasimhan, S.; Balakumar, R. Synth. Commun. 2000, 30,
4387-4395; (c) Narasimhan, S.; Prasad, K. G.; Madhavan,
S. Synth. Commun. 1995, 25, 1689-1697; (d) Zeynizadeh,
B.; Zahmatkesh, K. J. Chem. Res. (S) 2003, 522-525.

. Wang, F.; Xu, J.; Liao, S.-J. Chem. Commun. 2002, 626—

627.

. Suchocki, J. A.; Sneden, A. T. J. Org. Chem. 1988, 53,

4116-4118.

. (a) Hori, H.; Nishida, Y.; Ohrui, H.; Meguro, H. J. Org.

Chem. 1989, 54, 1346-1353; (b) Mowry, D. T.; Yanko, W.
H.; Ringwald, E. I. J. Am. Chem. Soc. 1947, 69, 2358—
2361.

. Zeynizadeh, B.; Behhyar, T. Bull. Chem. Soc. Jpn. 2005,

78, 307.

Nakamura, Y.; Ishikawa, K.; Kuwatsuka, S. Agr. Biol.
Chem. 1977, 41, 1613-1620.

Bajwa, N.; Jennings, M. P. J. Org. Chem. 2006, 71, 3646—
3649.

(a) Tominaga, Y.; Ushirogochi, A.; Matsuda, Y. J.
Heterocycl. Chem. 1987, 24, 1557; (b) Ram, V. J.; Verma,
M.; Hussaini, F. A.; Shoeb, A. J. Chem. Res. (S) 1991, 98;
(c) Ram, V. J.; Verma, M.; Hussaini, F. A.; Shoeb, A.
Liebigs Ann. Chem. 1991, 1229.

Ram, V. J.; Nath, M.; Srivastava, P.; Sarkhel, S.; Maulik,
P. R. J. Chem. Soc. Perkin Trans. 1 2000, 3719-3723.
Hori, H.; Nishida, Y.; Ohrui, H.; Meguro, H. J. Org.
Chem. 1989, 54, 1346-1353.

General procedure for the synthesis of 2-benzyloxy-3-
benzyloxymethyl-5-sec-aminobiphenyl-4-carbonitriles 3a—e:
An equimolar mixture of la (344 mg, 1.0 mmol) and 2
(270 mg, 1.0 mmol) was stirred in a suspension of
powdered KOH (207 mg, 1.5mmol) in DMF (10 mL)
for 2h at room temperature. The reaction mixture was
diluted with distilled water and the precipitate was filtered.
The crude product was purified on a silica gel column
using DCM as eluent. Compound 3a: white solid; mp 134—
135 °C; IR (KBr) v 2206 cm™! (CN); MS (FAB): m/z 553
(M+1); "H NMR (CDCls, 300 MHz) 6 1.97-2.01 (m, 4H,
pyrrolidinyl), 3.59-3.63 (m, 4H, pyrrolidinyl), 4.37 (s, 2H,
CH,), 4.69 (s, 2H, CH,), 4.73 (s, 2H, CH,), 6.58 (s, 1H,
ArH), 6.94-6.97 (m, 2H, ArH), 7.16-7.33 (m, 6H, ArH),
7.39-7.43 (m, 4H, ArH), 7.51-7.54 (m, 2H, ArH); Anal.

Caled for Cs;,Ho9BrN>O,: C, 69.44; H, 5.28; N, 5.06.
Found: C, 69.55; H, 5.40; N, 5.20. Compound 3b: white
solid; mp 142-143 °C; IR (KBr) v 2206 cm™! (CN); MS
(FAB): m/z 525 (M+1); 'H NMR (CDCls, 300 MHz) &
1.99-2.03 (m, 4H, pyrrolidinyl), 3.63-3.67 (m, 4H, pyrrol-
idinyl), 4.36 (s, 2H, CH,), 4.71 (s, 2H, CH,), 4.77 (s, 2H,
CH,), 6.76 (s, 1H, ArH), 6.86-6.88 (m, 2H, ArH), 7.11-
7.22 (m, 3H, ArH), 7.26-7.34 (m, 3H, ArH), 7.41-7.44 (m,
2H, ArH), 7.50-7.54 (m, 2H, ArH), 7.71-7.74 (m, 1H,
ArH), 7.84-7.90 (m, 3H, ArH), 8.02 (s, 1H, ArH); Anal.
Calcd for C36H3,N>O,: C, 82.41; H, 6.15; N, 5.34. Found:
C, 82.54; H, 6.23; N, 5.46. Compound 3c: white solid; mp
132-133 °C; IR (KBr) v 2218 cm™' (CN); MS (FAB): m/z
553 (M+1); '"H NMR (CDCl;, 300 MHz) 6 1.15 (d,
J=54Hz, 3H, CHj;), 1.52-1.55 (m, 3H, piperidinyl),
1.76-1.79 (m, 2H, piperidinyl), 2.76-2.83 (m, 2H, piperid-
inyl), 3.54-3.57 (m, 2H, piperidinyl), 4.41 (s, 2H, CH,),
4.70 (s, 2H, CH,), 4.77 (s, 2H, CH,), 6.89-6.92 (m, 2H,
ArH), 7.09 (s, 1H, ArH), 7.12-7.34 (m, 6H, ArH), 7.39—
7.42 (m, 2H, ArH), 7.50-7.56 (m, 2H, ArH), 7.70-7.74 (m,
1H, ArH), 7.84-7.91 (m, 3H, ArH), 8.03 (s, |H, ArH);
Anal. Calcd for C3gH36N,O,: C, 82.58; H, 6.57; N, 5.07.
Found: C, 82.44; H, 6.70; N, 5.15. Compound 3d: white
solid; mp 79-80°C; IR (KBr) v 2218 cm™! (CN); MS
(FAB): m/z 644 (M+1); '"H NMR (CDCls, 300 MHz) &
3.34-3.41 (m, 8H, piperazinyl), 4.44 (s, 2H, CH,), 4.68 (s,
2H, CH,), 4.74 (s, 2H, CH,), 6.87-7.00 (m, 6H, ArH),
7.22-7.45 (m, 12H, ArH), 7.54-7.57 (m, 2H, ArH); Anal.
Caled for C;gH34BrN;O,: C, 70.80; H, 5.32; N, 6.52.
Found: C, 70:94; H, 5.40; N, 6.64. Compound 3e: white
solid; mp 109-110 °C; IR (KBr) v 2219 cm™' (CN); MS
(FAB): m/z 616 (M+1); 'H NMR (CDCl;, 300 MHz) &
3.38-3.44 (m, 8H, piperazinyl), 4.43 (s, 2H, CH,), 4.70 (s,
2H, CH,), 4.78 (s, 2H, CH,), 6.87-6.92 (m, 3H, ArH),
6.98-7.00 (m, 2H, ArH), 7.13-7.35 (m, 9H, ArH), 7.39-
7.43 (m, 2H, ArH), 7.52-7.55 (m, 2H, ArH), 7.72-7.75 (m,
1H, ArH), 7.86-7.93 (m, 3H, ArH), 8.04 (s, lH, ArH);
Anal. Calcd for C4H37N30,: C, 81.92; H, 6.06; N, 6.8.
Found: C, 81.86; H, 6.20; N, 6.96. General procedure for
the synthesis of 2-hydroxy-3-hydroxymethyl-5-sec-aminobi-
phenyl-4-carbonitriles 4a—e: These compounds were pre-
pared by stirring a mixture of 3 (0.5 mmol) and boron
trichloride (1.0 mmol) in DCM (5 mL) at —78 °C for 2—
3 h. The reaction mixture was allowed to warm to room
temperature and diluted with methanol (3 mL). The
solvent was evaporated under reduced pressure and the
crude product was purified by silica gel column chroma-
tography, using DCM as eluent. Compound 4a: white
solid; mp 172-174 °C; IR (KBr) v 2207 (CN), 3362 cm ™!
(OH); MS (FAB): m/z 373 (M+1); '"H NMR (CDCl;,
300 MHz) 6 1.95-2.00 (m, 4H, pyrrolidinyl), 2.78 (brs, 1H,
OH), 3.48-3.52 (m, 4H, pyrrolidinyl), 5.13 (s, 2H, CH,),
6.58 (s, 1H, ArH), 7.40 (d, J= 8.4 Hz, 2H, ArH), 7.55-
7.58 (m, 3H, ArH and OH); Anal. Calcd for
CsH7BrN,O,: C, 57.92; H, 4.59; N, 7.51. Found: C,
57.98; H, 4.70; N, 7.64. Compound 4b: white solid; mp
190-191 °C; IR (KBr) v 2206 (CN), 3463 cm™' (OH); MS
(FAB): m/z 345 (M+1); '"H NMR (CDCls, 300 MHz) &
1.99-2.03 (m, 4H, pyrrolidinyl), 2.56 (brs, 1H, OH), 3.55-
3.66 (m, 4H, pyrrolidinyl), 5.14 (s, 2H, CH,), 6.73 (s, 1H,
ArH), 7.06 (brs, 1H, OH), 7.52-7.62 (m, 3H, ArH), 7.90-
7.97 (m, 4H, ArH); Anal. Calcd for C»,H»,N-O,: C, 76.72;
H, 5.85; N, 8.13. Found: C, 76.84; H, 5.96; N, 8.20.
Compound 4c: white solid; mp 225-226 °C; IR (KBr) v
2206 (CN), 3394 cm ™! (OH); MS (FAB): m/z 373 (M+1);
'"H NMR (CDCl;, 300 MHz) 6 1.01 (d, J= 5.4 Hz, 3H,
CH;), 1.54-1.56 (m, 3H, piperidinyl), 1.73-1.76 (m, 2H,
piperidinyl), 2.60 (brs, 1H, OH), 2.68-2.71 (m, 2H,
piperidinyl), 3.61-3.64 (m, 2H, piperidinyl), 5.21 (s, 2H,
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CH,), 6.89 (s, 1H, ArH), 7.20 (brs, 1H, OH), 7.54-7.60 (m,
3H, ArH), 7.91-8.03 (m, 4H, ArH); Anal. Calcd for
Cy4sH4N>O,: C, 77.39; H, 6.49; N, 7.52. Found: C, 77.44;
H, 6.40; N, 7.64. Compound 4d: white solid; mp 170-
172°C; IR (KBr) v 2206 (CN), 3396 cm~! (OH); MS
(FAB): m/z 464 (M+1); '"H NMR (CDCl;, 300 MHz) &
2.68 (brs, 1H, OH), 3.20-3.23 (m, 4H, piperazinyl), 3.35—
3.38 (m, 4H, piperazinyl), 5.16 (s, 2H, CH,), 6.86-6.99 (m,
4H, ArH), 7.28-7.37 (m, 2H, ArH), 7.42 (d, J=8.7 Hz,
2H, ArH), 7.68 (d, J=8.7 Hz, 2H, ArH), 8.05 (brs, 1H,

OH); Anal. Calcd for C,4H,,BrN;O,: C, 62.08; H, 4.78;
N, 9.05. Found: C, 62.18; H, 4.88; N, 9.14. Compound 4e:
white solid; mp 182-184 °C; IR (KBr) v 2206 (CN), 3430
em~! (OH); MS (FAB): m/z 436 (M+1); 'H NMR
(CDCls, 300 MHz) ¢ 2.66 (brs, 1H, OH), 3.27-3.30 (m,
4H, piperazinyl), 3.39-3.42 (m, 4H, piperazinyl), 5.17 (s,
2H, CH,), 6.86-6.99 (m, 2H, ArH), 7.28-7.36 (m, 8H,
ArH, OH), 7.48-7.66 (m, 2H, ArH), 7.91-8.01 (m, 2H,
ArH); Anal. Calcd for CpgH,5N30,: C, 77.22; H, 5.79; N,
9.65. Found: C, 77.34; H, 5.88; N, 9.76.
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