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REDUCTION OF PYRIDYL CARBINOLS 
WITH SODIUM BOROHYDRIDE/TRIFLUOROACETIC ACID 

Submitted by 
(07/27/0 I ) 

Charles F. Nutaitis*, Thomas J. Greshock, Stephen R. Houghton, 
Lynn N. Moran, and Melissa A. Walter 

Department of Chemistry, Lofqette College, Easton, PA 18042 

In 1977 Gribble and coworkers' reported that di- and triarylcarbinols could be efficiently 
reduced with sodium borohydride/trifluoroacetic acid to afford the corresponding di- and triaryl- 
methanes. In 1991, Nutaitis and coworkers2 extended this methodology to the synthesis of di- and 
triheteroarylmethanes from carbinols possessing thiophene, furan, benzothiophene, benzofuran, or 
phenyl substituents, and in 1997 to the reduction of 1,3-azole and 1,3-benzazole carbinols provided 
there was an additional aryl or pi-excessive heteroaryl (thienyl, benzo[b]thienyl, furyl, or 
benzo[b]furyl) substituent.3 Carbinols possessing a 1,3-azole or 1,3-benzazole ligand and only one 
additional aryl or heteroaryl substituent were inert to reduction. By analogy, it was anticipated that 
compounds possessing a pyridyl substituent in place of the 1,3-azole/l,3-benzazole ligand would 
behave similarly. This transformation would prove useful as the Corresponding a-substituted pyridyl- 
methanes have been shown to be valuable as fungicides," inducers of hepatic microsomal heme 
oxygenase and cyctochrome P450," extraction agents for a variety of metals including chromium,6" 
gold?h zinc,& cobalt,6d and silver?' and as precursors of image 
enhancing agents for magnetic resonance imaging.' We now report that pyridylcarbinols possessing 
two additional aromatic or heteroaromatic ligands for sufficient stabilization of the carbocation inter- 
mediate can be effectively reduced with sodium borohydride/trifluoroacetic acid to afford the corre- 
sponding pyridylmethanes in 57-93% yields (Table). 

palladium,6g 

NaBH4 * wi 
CFjC02H 

1 2 
a) 4-Pyridy1, Arl = Arz = Ph b) 3-Pyridyl. Arl = Ar2 = Ph 
c) 4-Pyridyl, Arl = Ph, Ar2 = 2-Thienyl d) 2-Pyridyl, Arl = Ph, Ar2 = 2-Benzo[b]furyl 
e) 3-Pyridyl, Arl = Ar2 = 2-Thienyl f) a-(3-Pyridyl)benzyl alcohol 

Table. Reduction of F'yridylcarbinols with Na13H4/CF3C02H 

Compound 
2 a b  
2bb 
2d 
2d 
2e 

mp("C) 
~~~~ 

Yield( %Fbsc 
93% 123- 125 
77% 74-76 
91% 82-84 
70% 
57% 

52-54 
oil 

~ lit. mp.("C) 
124- 1259 

78-799 

---- ---- 2f: 0% 
a) Isolated yieldsafter fl%ychromatography. b) Products2a, 2b, and 2cexhibited satisfactory spectral 
data consistent with those previously c) Recovered starting material 2f unchanged. 
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As can be seen in the Table, carbinols at all three positions of the pyridine ring are suscep- 
tible to reduction. Furthermore, the reduction pattern parallels that of the previously reported 1,3- 
azoles - that is, two additional aromatic or heteroaromatic rings are required for stabilization of the 
intermediate carbocation and hence reduction of the carbinol to the corresponding methane. The last 
entry in the Table, which possesses only one additional carbocation-stabilizing substituent, was not 
reduced. 

EXPERIMENTAL SECTION 

All reactions were performed in oven-dried glassware (1207, and all lithiation reactions were 
performed under nitrogen. Alkyllithium reagents were purchased from Aldrich and standardized with 
2,5-dimethoxybenzyl alcohol.I0 Tetrahydrofuran was distilled from sodiumhenzophenone. Thin layer 
chromatography was performed on precoated (0.25 mm) silica gel 60 F, plastic sheets and was visu- 
alized with 254 nm ultraviolet light. Flash chromatography" was performed with silica gel 60 (200- 
400 mesh). Proton and carbon NMR spectra were recorded on a Jeol Eclipse400 FT-NMR spectrom- 
eter; chemical shifts are reported in parts per million relative to internal-TMS (proton) or the solvent 
chloroform-d (carbon). Infrared spectra were recorded on a Mattson Satellite FTIR spectrometer. 
Melting points were determined in open capillary tubes with a Mel-Temp Laboratory Devices appa- 
ratus and are uncorrected. The starting materials a-(4-pyridyl)benzhydrol, a-(3-pyridylbenzhydrol), 
and a-(2- thienyl)-a-(4-pyridyl)benzyl alcohol were prepared according to literature  method^.^.^^ 

Preparation of ~+(2-Benzo[b]furyl)-~+(2-pyridyl)benzyl alcohol.- To a magnetically stirred solu- 
tion of benzo[b]furan (0.754 g, 6.38 mmol) in dry THF (25 a), at -78" under nitrogen, was added n- 
butyllithium (3.90 mL, 1.66 M, 6.47 mmol) by means of a syringe over a period of 2 min. The cooling 
bath was removed and the reaction mixture was allowed to warm to room temperature over 30 min, 
then re-cooled to -78". A solution of 2-benzoylpyridine (1.167 g, 6.37 mmol) in dry THF (5 mL) was 
added by means of a syringe and the resulting mixture was allowed to warm to room temperature and 
stirred for 20 hrs. The mixture was poured into water (50 mL) and extracted with ether (3 x 50 mL). 
The combined extracts were dried with anhydrous sodium sulfate, filtered, and concentrated in vacuo 
with adsorption onto silica gel. Flash chromatography (7: 1 hexanedether) gave a-(2-benzo[b]furyl)- 
a-(2-pyridy1)benzyl alcohol a white solid (1.025 g, 53%). mp. 151-152". 'H NMR(CDC1,): 6 8.60 (d, 
lH), 7.69 (td, lH), 7.52 (d, lH), 7.45-7.17 (m, 1 IH), 6.61 (s, OH; exchangeable with D,O), 6.59 (s, 
IH); I3C NMR(CDC1,): 6 160.1, 159.8, 155.4, 147.4, 143.6, 136.9, 128.2, 127.93, 127.89, 127.4, 
124.2, 123.0, 122.8, 122.7, 121.2, 11 1.5, 106.1, 77.2; IR (nujol): 3389 cm-I. 
Anal. Calcd for C2,H,,N0,: C, 79.72; H, 5.02; N, 4.65. Found C, 79.57; H, 5.18; N, 4.53 
heparation of 3-Pyridyl-bis-2-thienylmethanol.- To a magnetically stirred solution of thiophene 
( I  .O mL, 13 mmol) in dry THF (50 mL), at -78" under nitrogen, was added by means of a syringe n- 
butyllithium (5.70 mL, 2.21 M, 12.6 mmol) over a period of 2 min. The cooling bath was removed 
and the reaction mixture was allowed to warm to room temperature over 30 min, then re-cooled to 
-78". A solution of methyl nicotinate (0.87 g, 6.3 mmol) in dry THF (10 mL) was added by means of 
a syringe and the resulting mixture was allowed to warm to room temperature and stirred for 20 hrs. 
The mixture was poured into water (150 mL) and extracted with ethyl acetate (2 x 100 mL). The 
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combined extracts were dried with anhydrous sodium sulfate, filtered, and concentrated in V ~ C U O  with 
adsorption onto silica gel. Flash chromatography (1 : 1 hexanedether) gave 3-pyridyl-bis-2-thienyl- 
methanol as a white solid (1.00 g, 59%). mp. 166-168'. 'H NMR(CDC1,): 6 8.52 (d, lH), 8.31 (dd, 
lH), 7.82 (dt, lH), 7.25 (dd, 2H), 7.19 (dd, lH), 6.91 (dd, 2H), 6.80 (dd, 2H), 5.71 (s, OH; exchange- 
able with D,O); NMR(CDC1,): 6 151.4, 148.3, 148.0, 142.3, 134.6, 126.74, 126.67, 126.1, 122.9, 
76.4; IR(thin film): 3469-2987 (broad) cm-I. 
Anal. Calcd for C,,H,,NOS,: C, 61.51; H, 4.06; N, 5.12; S, 23.46. 

Found: C, 61.74; H, 4.14; N, 5.15; S, 23.58 
General Reduction Procedure. Preparation of ~~(2-Benzo[b]furyl)-a-(2-pyridyl)toluene.- To 
magnetically stirred trifluoroacetic acid (30 mL) at room temperature, was added sodium borohydnde 
(4 pellets, 1.6 g, 42 mmol) over a period of 25 min; the resulting mixture was stirred at room tempera- 
ture for 1.5 hrs. A solution of a-(2-benzo[b]furyl)-a-(2-pyridyl)benzyl alcohol (0.292 g, 0.970 mmol) 
in methylene chloride (10 mL) was added in portions over a period of 25 min. The resulting mixture 
was magnetically stirred at room temperature for 45 min, then poured into 25% aqueous sodium 
hydroxiddice (50 mL) to basify to pH 11 and extracted with ether (2 x 75 mL). The extracts were 
dried with anhydrous sodium sulfate, filtered, and concentrated in vacuo with adsorption onto silica 
gel. Flash chromatography (4: 1 hexaneslether) gave a-(2-benzo[b]furyl)-a-(2-pyridyl)toluene as a 
beige solid (0.194 g, 70%), mp. 52-54'. IH NMR(CDC1,): 6 8.63 (d, lH), 7.64 (td, lH), 7.50 (d, lH), 
7.43 (d, lH), 7.38-7.17 (m, 9H), 6.41 (s, lH), 5.79 (s, IH); I3C NMR(CDC1,): 6 160.6, 158.8, 155.2, 
149.8, 140.0, 136.9, 129.0, 128.8, 128.6, 127.3, 123.9, 123.4, 122.8, 122.2, 120.9, 111.2, 105.8,54.1. 
Anal. Calcd for C,,H,,NO: C, 84.19; H, 5.30 N, 4.91. Found C, 83.91; H, 5.46; N, 4.84 
3-Pyridyl-bis-2-thienylmethane was prepared analogously from 3-pyridyl-bis-2-thienylmethanol 
(57%) as a colorless oil: 'H NMR(CDC1,): 6 8.58 (br d, lH), 8.51 (d, lH), 7.60 (d, lH), 7.24 (d, lH), 
7.22 (d, 2H), 6.94 (t, 2H), 6.82 (d, 2H), 5.88 (s, 1H); ',C NMR(CDC1,): 6 149.9, 148.7, 146.4, 139.3, 
135.8, 126.9, 126.4, 125.2, 123.5,45.1. 
Anal. Calcdfor C,,H,,NS,: C, 65.33; H, 4.31; N, 5.44; S, 24.92. 

Found: C, 65.20; H, 4.40; N, 5.48; S, 24.82 

Acknowledgements.- We wish to thank Lafayette College for support of this research. 

REFERENCES 

1. G. W. Gribble, R. M. Leese and B. E. Evans, Synthesis, 172 (1977). 

2. C. F. Nutaitis, R. Patragnoni, G. Goodkin, B. Neighbour, and J. Obaza-Nutaitis, Org. Prep. 
Proced. In?., 23,403 (1991). 

3. C. F. Nutaitis and J. Obaza-Nutaitis, Org. Prep. Proced. In?., 29,315 (1997). 

4. a) J. W. Whaley and H. M. Taylor, Phytoparhology, 60,771 (1970); b) H. W. Spurn and E. L. 
Chancey, Phyropathology, 60, 1062 (1970). 

334 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
2
0
:
1
8
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



Volume 34, No. 3,2002 OPPI BRIEFS 

5. a) Y. Matsuura, E. Kotani, T. Iio, T. Fukuda, S. Tobinaga, T. Yoshida, and Y. Kuroiwa, 
Biochem. Pharmacol., 41,1949 (1991); b) Y. Kobayashi, Y. Matsuura, E. Kotani, T. Fukuda, T. 
Aoyagi, S. Tobinaga, T. Yoshida, and Y. Kuroiwa, J. Biochem., 114,697 (1993); c) M. R. 
Franklin, Biochem. Phannucol., 46,683 (1993); d) Y. Kobayashi, T. Yamamoto, E. Okui, E. 
Kotani, T. Yoshida, and Y. Kuroiwa, Jpn. J. Toxicol. Environ. Health, 42,468 (1996). 

6. a) M. Iqbal and M. Ejaz, J. Radioanal. Chem., 43, 199 (1978); b) M. Iqbal, M. Ejaz, S. A. 
Chaudhri, Zamiruddin, J. Radioanal. Chem., 42,335 (1978); c )  M. Ejaz, Shamasud-Zuha, S. 
Ahmad, M. S. Chaudhary and M. Rashid, Mikrochim. Acra, 1,7 (1980); d) M. S. Bhatti and 
Shamasud-Zuha, J. Radioanal. Chem., 59,75 (1980); e) S. M. Hasany and Z. Umar, Radiochim. 
Acta, 28,43 (1981); f) S. M. Hasany and Z. Umar, Radiochem. Radioanal. Left., 49, 181 (1981); 
g) S. M. Hasany and A. Ali, J. Radioanal. Nucl. Chem., Len., %, 11  1 (1985); h) M. Ejaz, E. 
Siddique, and S. Ahmed, Talanfa, 32, 1055 (1985); i) S. Ahmed, A. Rushed, and M. S. Bhatti, 
J. Radioanal. Nucl. Chem., Articles, 122,75 (1988). 

7. M. Jorgensen, F. Rise, S. Anderson, T. Almen, and K. Golman, U. S. Patent 5,599,522, 1997; 
M. Jorgensen, F. Rise, S. Anderson, T. Almen, A. Aabye, L. G. Wistrand, H. Wikstroem, K. 
Golman, R. Servin, and P. Michelsen, Chem. Abstr., 116,106270 (1992). 

8. S. Bank and M. Gernon, .I. Org. Chem., 52,5105 (1987); 

9. P. P. H. L. Otto, J. P. Wibaut and G. W. J. M. Groenendaal, Rec. frav. chim., 78,446 (1959). 

10. M. R. Winkle, J. M. Lansinger and R. C. Ronald, Chem. Commun., 87 (1980). 

1 1 .  W. C. Still, M. Kahn, and A. Mitra, J. Org. Chem., 43,2923 (1978). 

12. N. I. Tzerpos, A. K. Zarkadis, R. P. Kreher, L. Repas and M. Lehnig, J. Chem. Soc., Perkin 
Trans. 2,755 (1995). 

335 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
2
0
:
1
8
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1


