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Introduction

The principles of supramolecular chemistry1 provide
guidelines for the construction of relatively complex
molecular systems from simple components. Over the
last decade there has been a considerable amount of work
on metal-ion-induced self assembly of oligopyridine ligands
to form polymetallic double-stranded helical and non-
helical complexes of predetermined length and geometry.2
In these systems the metal centers are organized in a
well-defined array in accordance with the well-estab-
lished coordination properties of ligands such as 2,2′-
bipyridine (bipy) and 2,2′:6′,2′′-terpyridine (terpy).3 These
polymetallic complexes are of particular interest for the
study of intramolecular electron transfer processes4 and,
ultimately, for the construction of molecular electronic
and photonic devices.5
The majority of the strategies used to synthesize

functionalized oligopyridines are based on Pd- or Ni-
catalyzed heteroaryl C-C coupling reactions6 or on the
Kröhnke-Potts7 or Friedländer8 methods. Although
these procedures can lead to either symmetrically or
unsymmetrically substituted oligopyridines, most of them
do not allow an easy incorporation of substituents in
positions 3 and 3′′ (oligopyridine numbering), and no 3,3′′-
substituted oligopyridines have hitherto been reported.

We now describe a general procedure for the synthesis
of annelated 3- and 3,3′′-substituted bipyridines and
terpyridines, respectively (Schemes 1 and 2), which is
based on the well-known ability of Co(I) complexes to
catalyze the formation of pyridine nuclei by means of [2
+ 2 + 2] cycloaddition of alkynes and nitriles.9

Results and Discussion

We began our synthetic method with a detailed inves-
tigation of the CpCo(CO)2-catalyzed cocyclization of
5-hexynenitrile (1) and unsubstituted 2-ethynylpyridine
(3a).10 Irradiation of both components and the catalyst
under slow addition conditions (method A) or irradiation
of the whole mixture (method B) afforded 2,2′-bipyridine
4a and its isomer 3,2′-bipyridine 5a in poor yields (11%
and 4%, respectively). The use of 6-heptynenitrile (2)9
as cocyclization partner did not improve the yield, giving
9% of 2,2′-bipyridine 6a and 3,2′-bipyridine 7a, respec-
tively. Suspecting that these poor results were probably
due to side reactions of the terminal alkyne,11,12 we then
tried cycloaddition between 2-[(trimethylsilyl)ethynyl]-
pyridine (3b)10a and 1, which afforded mixtures of 3-(tri-
methylsilyl)-2,2′-bipyridine 4b and 3,2′-bipyridine 5a (5b
was observed in the crude reaction mixtures but under-
went protodesilylation to 5a during column chromatog-
raphy on silica gel).9b,13 The yield of this reaction was
much better than with 3a, although it was sensitive to
various factors such as irradiation time and the propor-
tions of starting materials and catalyst (Table 1); yields
of 60-75% were achieved when the amount of “free”
catalyst used was enough to ensure its presence through-
out the course of the reaction. A full consumption of
starting materials was observed upon slow addition of
the catalyst (method C).
Similar or even slightly better results were obtained

for cocyclization of 2 with 3b, which afforded a 76% yield
of 3-(trimethylsilyl)-2,2′-bipyridine 6b and 3,2′-bipyridine
7a in 1:1.5 ratio.
Unfortunately, the cocyclization between alkynenitriles

1 and 2 with 3b shows poor regioselectivity. This is
probably due to competition between electronic and steric
factors during coupling of alkynes to the intermediate
metallacyclopentadiene species.9 In an attempt to im-
prove regioselectivity, we changed the electronic and
steric features of the ethynylpyridine using 3c.14 Regi-
oselectivity (3-substituted-2,2′-bipy vs 2-substituted-3,2′-
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bipy) was indeed slightly improved (the 4c:5c ratio was
4:1), but total yield of bipyridines was much reduced
(19%).9b,15

On the other hand, we were unable to synthesize
bipyridines in which one of the pyridine rings bears two
substituents in addition to the alkyl ring. Under the
conditions of method B, the reactions between 6-(tri-
methylsilyl)-5-hexynenitrile (8a) and 3a and between
7-hydroxy-5-heptynenitrile (8b) and 3b afforded unal-
tered starting alkynenitriles,16 as did irradiation of 8b
alone.17 The failure to form pyridines, benzenes, and/or
cyclobutadienylcobalt complexes suggests that the reac-
tion requires a terminal C-H on the alkynenitrile. We
are currently investigating whether the cyano group
plays a role in the formation of the intermediate metal-
lacycle,9 and whether oxidative addition of Co(I) to the
alkynenitrile C-H bond is necessary for formation of the
intermediate cobaltocycle.18

In view of the above results we decided to explore the
use of the samemethodology for synthesis of terpyridines,
which are ligands of outstanding interest in the field of

supramolecular coordination chemistry1 and certain ar-
eas of bioorganic chemistry.19 Cocyclization of 1with 2,6-
bis[(trimethylsilyl)ethynyl]pyridine (9)10a in the presence
of 30% of catalyst afforded 2,2′:6′,2′′-, 2,2′:6′,3′′-, and 3,2′:
6′,3′′-terpyridines 10 (8%), 11b (31%), 12b (25%), and
2,2′-bipyridine 13 (21%) (Scheme 2).
Although the appearance of all possible regioisomers

was perhaps unfortunate, the total yield was good
(85%),20 and this reaction is certainly competitive with
other methods of synthesizing the symmetric 3,3′′-
substituted terpyridine 10. The appearance of bipyridine
13 may have been due to the replacement of one of the
TMS-ethynyl moieties of 9 with a 2,2′-bipyridine unit
having reduced the electron density and hence the
reactivity of the remaining alkyne or it may have been
due to steric hindrance to the formation of the second
metallacycle intermediate.
To sum up, we have developed a short alternative to

existing methods for the synthesis of annelated 3-sub-
stituted bipyridines and symmetric 3,3′′-substituted terpy-
ridines, which are of interest as building blocks for the
assembly of supramolecular coordination compounds. The
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Linton, B.; Hamilton, A. D. J. Am. Chem. Soc. 1995, 117, 11610. (c)
Schneider, J. P.; Kelly, J. W. J. Am. Chem. Soc. 1995, 117, 2533. (d)
Linkletter, B.; Chin, J. Angew. Chem., Int. Ed. Engl. 1995, 34, 472.
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Scheme 1

Table 1. Results of Cocyclization of 1 with 3b

entry conditionsa yield,b % 4b:5a ratioc 3b recov, %

1 1 + 3b (1.2 equiv) + [Co] 15% (method A) 25 1:1.5 69
2 1 + 3b (1.2 equiv) + [Co] 15% (method B) 51 1:1.4 41
3 1 (1.2 equiv) + 3b + [Co] 15% (method B) 35 1:1.3 54
4 1 (1.5 equiv) + 3b + [Co] 30% (method B) 43 1:1.3 52
5 1 (2.0 equiv) + 3b + [Co] 30% (method B) 74 1:1.1 12
6 1 (1.5 equiv) + 3b + [Co] 30% (method C) 61 1:1.2 -

a See Experimental Section. Regardless of the method used, 3-9% yields of 2-(3-cyanopropyl)- and/or 3-(3-cyanopropyl)cyclopenta[b]-
pyridines were also obtained.22 b Isolated yields of 4b + 5a after separation by column chromatography or preparative TLC (silica gel).
c 5a was obtained by desilylation of 5b during purification/isolation steps.

Scheme 2
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coordination chemistry of the new ligands and the
properties of their complexes are currently being studied
and will be the subject of forthcoming reports. It is hoped
that future work will be able to generalize the new
synthetic method to the preparation of heterooligo-
pyridines, chiral bipyridines, and other potentially valu-
able products.12,21

Experimental Section

General. All reactions were carried out under argon. Tolu-
ene was distilled from Na/benzophenone. Slow additions were
carried out using a syringe pump (Harvard 11). Melting points
are uncorrected. 1H and 13C NMR spectra were recorded in
CDCl3.
General Procedures for the Cobalt(I)-Catalyzed [2 + 2

+ 2] Cycloadditions. Method A. A solution of 1 (0.3 g, 3.2
mmol), 3b (0.68 g, 3.87 mmol) and [CpCo(CO)2] (59.2 µL, 0.48
mmol) in toluene (5 mL) was slowly added over 11 h, via a
syringe pump, to stirred toluene (100 mL) under Ar in a round-
bottomed flask equipped with a reflux condenser. During the
addition the reaction vessel was irradiated with a Philips PF
808 300W tungsten slide projector lamp placed ca. 5 cm from
the center of the flask and operated at 225 W. Heating and
irradiation continued for 1 h after addition was complete. The
volatile components were removed under vacuum, and the
residue was chromatographed on silica gel (10:90 to 100:0,
EtOAc/hexane).
Method B. A solution of 3b (0.3 g, 1.7 mmol), 1 (0.32 g, 3.42

mmol), and [CpCo(CO)2] (63 µL, 0.51 mmol) in toluene (100 mL)
was irradiated for 7 h in the same conditions as described for
method A. Workup as in method A.
Method C. A solution of [CpCo(CO)2] (32 µL, 0.26 mmol) in

toluene (5 mL) was slowly added over 6 h, via a syringe pump,
to a stirred solution of 3b (0.15 g, 0.85 mmol) and 1 (0.12 g,
1.28 mmol) in toluene (15 mL). The reaction vessel was
irradiated as in the previous methods. Heating and light
irradiation continued for 4 h after addition was complete.
Workup as in method A, using preparative TLC on silica gel for
chromatography.
2-(2-Pyridyl)-6,7-dihydro-5H-cyclopenta[b]pyridine (4a).

Methods used: A or B. Yield, 11%. White powder (from
hexane), mp 78-79 °C. UV/vis (CH2Cl2) λmax ) 246, 296 nm.
IR (KBr) ν 2956, 1575, 1428, 784 cm-1. MS m/z (relative
intensity) 196 (M+, 92), 195 (100), 168 (8). 1H NMR δ 8.67 (m,
1H), 8.34 (d, J ) 7.8 Hz, 1H), 8.11 (d, J ) 7.8 Hz, 1H), 7.78 (dt,
J ) 7.8, 1.8 Hz, 1H), 7.61 (d, J ) 7.8 Hz, 1H), 7.29-7.24 (m,
1H), 3.09 (t, J ) 7.5 Hz, 2H), 2.98 (t, J ) 7.5 Hz, 2H), 2.23-2.13
(m, 2H). 13C NMR δ 165.5 (C), 156.8 (C), 154.6 (C), 149.1 (CH),
137.3 (C), 136.8 (CH), 132.7 (CH), 123.1 (CH), 120.9 (CH), 118.8
(CH), 34.2 (CH2), 30.5 (CH2), 23.2 (CH2). HRMS calcd for
C13H12N2 196.10005; found 196.09997.
2-(2-Pyridyl)-3-(trimethylsilyl)-6,7-dihydro-5H-cyclo-

penta[b]pyridine (4b). Methods used: A, B, or C. Yield, 35%.
White crystals (from methanol), mp 75-76 °C. UV/vis (CH2-
Cl2) λmax ) 256, 300 nm. IR (KBr) ν 2952, 1581, 1246, 841 cm-1.
MS m/z (relative intensity) 268 (M+, 2), 253 (100), 223 (10), 210
(7). 1H NMR δ 8.57 (m, 1H), 8.12 (d, J ) 7.8 Hz, 1H), 7.86 (s,
1H), 7.77 (dt, J ) 7.8, 1.8 Hz, 1H), 7.28-7.23 (m, 1H), 3.07 (t, J
) 7.5 Hz, 2H), 2.98 (t, J ) 7.5 Hz, 2H), 2.15 (q, J ) 7.5 Hz, 2H),
0.19 (s, 9H). 13C NMR δ 165.8 (C), 160.5 (C), 159.3 (C), 147.6
(CH), 140.2 (CH), 137.1 (CH), 136.3 (C), 131.3 (C), 123.3 (CH),
122.8 (CH), 34.7 (CH2), 31.0 (CH2), 23.6 (CH2), 1.9 (CH3). HRMS
calcd for C16H20N2Si 268.13958; found 268.13956.
[2-(2-Pyridyl)-6,7-dihydro-5H-cyclopenta[b]pyridin-3-yl]-

methanol (4c). Methods used: B or C. Yield, 15%. Colorless
crystals (from ethyl acetate-hexane), mp 108-110 °C. UV/vis
(CH2Cl2) λmax ) 246, 294 nm. IR (film) ν 3307, 2954, 1590, 1423,
1031 cm-1.1H NMR δ 8.61 (m, 1H), 8.21 (d, J ) 7.9 Hz, 1H),
7.88 (dt, J ) 7.9, 1.5 Hz, 1H), 7.58 (s, 1H), 7.58-7.28 (m, 1H),

6.69 (broad s, 1H), 4.51 (s, 2H), 3.07 (t, J ) 7.6 Hz, 2H), 2.99 (t,
J ) 7.6 Hz, 2H), 2.18 (q, J ) 7.6 Hz, 2H). 13C NMR δ 164.8 (C),
158.2 (C), 154.2 (C), 147.3 (CH), 137.5 (C + CH), 135.1 (CH),
133.5 (C), 124.4 (CH), 123.0 (CH), 63.9 (CH2), 34.0 (CH2), 30.4
(CH2), 23.2 (CH2). HRMS calcd for C14H14N2O 226.11061; found
226.11054.
3-(2-Pyridyl)-6,7-dihydro-5H-cyclopenta[b]pyridine (5a).

Methods used: A, B, or C. Yield, 39%. Colorless crystals (from
hexane), mp 79-80 °C. UV/vis (CH2Cl2) λmax ) 248, 290 nm.
IR (KBr) ν 2954, 1568, 1422, 780 cm-1. MS m/z (relative
intensity) 196 (M+, 99), 195 (100), 168 (13), 58 (44). 1H NMR δ
8.87 (s, 1H), 8.67 (m, 1H), 8.12 (s, 1H), 7.77-7.62 (m, 2H), 7.26-
7.21 (m, 1H), 3.05 (t, J ) 7.6 Hz, 2H), 2.99 (t, J ) 7.6 Hz, 2H),
2.16 (q, J ) 7.6 Hz, 2H). 13C NMR δ 166.8 (C), 156.0 (C), 150.3
(CH), 146.7 (CH), 137.6 (C), 137.3 (CH), 133.2 (C), 130.9 (CH),
122.8 (CH), 120.9 (CH), 34.4 (CH2), 31.0 (CH2), 23.6 (CH2).
HRMS calcd for C13H12N2 196.10005; found 196.10008.
[3-(2-Pyridyl)-6,7-dihydro-5H-cyclopenta[b]pyridin-2-yl]-

methanol (5c). Methods used: B or C. Yield, 4%. Yellowish
crystals (from ethyl acetate-hexane), mp 85-87 °C. UV/vis
(CH2Cl2) λmax ) 246, 288 nm. IR (film) ν 3404, 2926, 1592, 1429,
1027 cm-1.1H NMR δ 8.67 (m, 1H), 7.83 (dt, J ) 7.9, 1.8 Hz,
1H), 7.67 (s, 1H), 7.5 (d, J ) 7.9 Hz, 1H), 7.32 (m, 1H), 4.68 (s,
2H), 3.09 (t, J ) 7.6 Hz, 2H), 3.00 (t, J ) 7.6 Hz, 2H), 2.19 (q, J
) 7.6 Hz, 2H). 13C NMR δ 165.2 (C), 157.7 (C), 156.0 (C), 148.8
(CH), 137.2 (CH), 136.2 (C), 133.5 (CH), 132.1 (C), 123.6 (CH),
122.4 (CH), 64.8 (CH2), 34.0 (CH2), 30.4 (CH2), 23.3 (CH2).
HRMS calcd for C14H14N2O 226.11061; found 226.11062.
2-(2-Pyridyl)-5,6,7,8-tetrahydroquinoline (6a). Methods

used: A or B. Yield, 9%. Brown oil. UV/vis (CH2Cl2) λmax )
244, 294 nm. IR (film) ν 2932, 1556, 1453, 787 cm-1. MS m/z
(relative intensity) 210 (M+, 100), 209 (77), 195 (11), 182 (19).
1H NMR δ 8.62 (m, 1H), 8.34 (d, J ) 7.9 Hz, 1H), 8.06 (d, J )
7.9 Hz, 1H), 7.72 (dt, J ) 7.9, 1.6 Hz, 1H), 7.44 (d, J ) 7.9 Hz,
1H), 7.24-7.20 (m, 1H), 2.97 (t, J ) 6.3 Hz, 2H), 2.78 (t, J ) 6.3
Hz, 2H), 1.94-1.86 (m, 2H), 1.84-1.77 (m, 2H). 13C NMR δ
157.2 (C), 157.1 (C), 153.7 (C), 149.4 (CH), 137.9 (CH), 137.1
(CH), 132.9 (C), 123.5 (CH), 121.3 (CH), 118.7 (CH), 33.2 (CH2),
29.1 (CH2), 23.6 (CH2), 23.1 (CH2). HRMS calcd for C14H14N2
210.11570; found 210.11575.
2-(2-Pyridyl)-3-(trimethylsilyl)-5,6,7,8-tetrahydroquino-

line (6b). Method used: C. Yield, 31%. Pale yellow crystals
(from hexane), mp 78-79 °C. UV/vis (CH2Cl2) λmax ) 250, 290
nm. IR (KBr) ν 2925, 1586, 1241, 839 cm-1. MS m/z (relative
intensity) 282 (M+, 1), 267 (100). 1H NMR δ 8.57 (m, 1H), 8.16
(d, J ) 7.8 Hz, 1H), 7.76 (dt, J ) 7.8, 1.7 Hz, 1H), 7.69 (s, 1H)
7.27-7.22 (m, 1H), 2.98 (t, J ) 6.2 Hz, 2H), 2.82 (t, J ) 6.2 Hz,
2H), 1.97-1.80 (m, 4H), 0.21 (s, 9H). 13C NMR δ 158.6 (2 C),
156.7 (C), 147.1 (CH), 145.0 (CH), 136.5 (CH), 131.0 (C), 130.5
(C), 122.8 (CH), 122.2 (CH), 32.5 (CH2), 28.6 (CH2), 23.2 (CH2),
22.9 (CH2), 1.4 (CH3). HRMS calcd for C17H22N2Si 282.15523;
found 282.15536.
3-(2-Pyridyl)-5,6,7,8-tetrahydroquinoline (7a). Methods

used: A, B or C. Yield, 45%. Brown oil. UV/vis (CH2Cl2) λmax
) 250, 290 nm. IR (film) ν 2931, 1587, 1433, 784 cm-1. MS
m/z (relative intensity) 210 (M+, 100), 209 (79), 181 (20). 1H
NMR δ 8.81 (s, 1H), 8.59 (m, 1H), 7.91 (s, 1H), 7.64 (m, 2H),
7.17-7.12 (m, 1H), 2.88 (t, J ) 6.1 Hz, 2H), 2.75 (t, J ) 6.1 Hz,
2H), 1.85-1.71 (m, 4H). 13C NMR δ 158.0 (2 C), 155.2 (C), 149.8
(CH), 145.0 (CH), 136.8 (CH), 134.9 (CH), 132.2 (C), 122.3 (CH),
120.2 (CH), 32.2 (CH2), 28.7 (CH2), 22.9 (CH2), 22.5 (CH2).
HRMS calcd for C14H14N2 210.11570; found 210.11581.
2-[6-[3-(Trimethylsilyl)-6,7-dihydro-5H-cyclopenta[b]py-

ridin-2-yl]-2-pyridyl]-3-(trimethylsilyl)-6,7-dihydro-5H-cy-
clopenta[b]pyridine (10). Method used: B. Yield, 8%. Yel-
lowish crystals (from hexane), mp 164-166 °C. UV/vis (CH2Cl2)
λmax ) 232 (sh), 252, 296 nm. IR (KBr) ν 2946, 1570, 1365, 1246,
843 cm-1. MS m/z (relative intensity) 457 (M+, 9), 442 (100),
368 (7), 354 (12). 1H NMR δ 7.86 (m, 1H), 7.77 (m, 4H), 3.05 (t,
J ) 7.5 Hz, 4H), 2.97 (t, J ) 7.5 Hz, 4H), 2.15 (q, J ) 7.5 Hz,
4H), -0.15 (s, 18H). 13C NMR δ 165.0 (C), 161.6 (C), 159.5 (C),
139.2 (CH), 137.2 (CH), 135.2 (C), 131.3 (C), 122.5 (CH), 34.3
(CH2), 30.5 (CH2), 22.9 (CH2), 0.51 (CH3). HRMS calcd for
C27H35N3Si2 457.23696; found 457.23688.
2-[6-(6,7-Dihydro-5H-cyclopenta[b]pyridin-3-yl)-2-py-

ridyl]-3-(trimethylsilyl)-6,7-dihydro-5H-cyclopenta[b]py-
ridine (11b). Method used: B. Yield, 31%. Pale brown crystals
(from ethyl acetate-hexane), mp 200-202 °C. UV/vis (CH2Cl2)

(21) (a) Chen, C.; Tagami, K.; Kishi, Y. J. Org. Chem. 1995, 60, 5386.
(b) Uenishi, J.; Nishiwaki, K.; Hata, S.; Nakamura, K. Tetrahedron
Lett. 1994, 35, 7973.

(22) These side products are formed by self-trimerization of the
starting alkynenitrile: Selimov, F. A.; Khafizov, V. R.; Dzhemilev, V.
M. Bull. Acad. Sci. USSR 1983, 32, 1709.
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λmax ) 232 (sh), 250, 295 nm. IR (KBr) ν 2948, 1572, 1411, 1243,
839 cm-1; MSm/z (relative intensity) 385 (M+, 4), 370 (100), 338
(2), 185 (7), 58 (6). 1H NMR δ 8.87 (s, 1H), 8.07 (s, 1H), 7.85-
7.79 (m, 2H), 7.68-7.64 (m, 2H), 3.07-2.86 (m, 8H), 2.17-2.04
(m, 4H), -0.05 (s, 9H). 13C NMR δ 166.2 (C), 165.4 (C), 161.5
(C), 161.2 (C), 154.5 (C), 146.7 (CH), 139.3 (CH), 137.4 (CH),
136.9 (C), 135.8 (C), 132.8 (C), 131.1 (CH), 130.8 (C), 122.7 (CH),
120.3 (CH), 34.3 (CH2), 33.9 (CH2), 30.5 (2 x CH2), 23.1 (CH2),
23 (CH2), 0.5 (CH3). HRMS calcd for C24H27N3Si 385.19743;
found 385.19748.
3-[6-(6,7-Dihydro-5H-cyclopenta[b]pyridin-3-yl)-2-py-

ridyl]-6,7-dihydro-5H-cyclopenta[b]pyridine (12b). Method
used: B. Yield, 25%. Brown powder (from ethyl acetate-
dichloromethane), mp 210-212 °C. UV/vis (CH2Cl2) λmax ) 248,
286, 300 (sh) nm. IR (KBr) ν 2924, 1576, 1444, 1387, 812 cm-1;
MS m/z (relative intensity) 313 (M+, 100), 285 (3), 185 (10), 155
(5), 149 (7), 58 (14). 1H NMR δ 9.0 (broad s, 2H), 8.24 (broad s,
2H), 7.81 (t, J ) 8.3 Hz, 1H), 7.67 (d, J ) 8.3 Hz, 2H), 3.05 (t, J
) 7.6 Hz, 4H), 3.02 (t, J ) 7.6 Hz, 4H), 2.17 (q, J ) 7.6 Hz, 4H).
13C NMR δ 166.8 (C), 155.6 (C), 146.6 (CH), 137.7 (C + CH),
133.0 (C), 130.5 (CH), 118.8 (CH), 34.1 (CH2), 30.6 (CH2), 23.2
(CH2). HRMS calcd for C21H19N3 313.15790; found 313.15802.
2-[6-[2-(Trimethylsilyl)ethynyl]-2-pyridyl]-3-(trimethyl-

silyl)-6,7-dihydro-5H-cyclopenta[b]pyridine (13). Method
used: B. Yield, 21%. White powder (from hexane), mp 122-
124 °C. UV/vis (CH2Cl2) λmax ) 230 (sh), 254, 300 nm. IR (KBr)
ν 2924, 2159, 1568, 1246, 842 cm-1; MS m/z (relative intensity)
349 (M+ - 15, 100), 261 (5), 167 (8). 1H NMR δ 8.13 (d, J ) 7.7
Hz, 1H), 7.86 (s, 1H), 7.71 (t, J ) 7.7 Hz, 1H), 7.40 (d, J ) 7.7
Hz, 1H), 3.05 (t, J ) 7.4 Hz, 2H), 2.97 (t, J ) 7.4 Hz, 2H), 2.14
(q, J ) 7.4 Hz, 2H), 0.27 (s, 9H), 0.25 (s, 9H). 13C NMR δ 165.4
(C), 159.3 (C), 159.2 (C), 141.0 (C), 139.9 (CH), 136.7 (CH), 136.2
(C), 131.4 (C), 126.3 (CH), 122.0 (CH), 103.9 (C), 95.2 (C), 34.2
(CH2), 30.6 (CH2), 23.1 (CH2), 1.3 (CH3), -0.4 (CH3). HRMS
calcd for C20H25N2Si2 (M+ - 15) 349.15563; found 349.15559.
6-(Trimethylsilyl)-5-hexynenitrile (8a). A solution of BuLi

in hexane (4.35 mL, 1.25 M, 5.44 mmol) was slowly added to a
solution of 1 (0.5 g, 5.44 mmol) in dry THF (10 mL) cooled at

-78 °C. The mixture was stirred for 1 h, and trimethylsilyl
chloride (0.83 mL, 0.71 g, 6.52 mmol) was added. The resulting
solution was kept at -78 °C for 4 h. The reaction was quenched
with H2O and HNaCO3 (10 mL) and extracted with ether (3 ×
10 mL). The combined organic layers were dried and concen-
trated, and the residue was chromatographed on silica gel (ethyl
acetate/hexane 1:9) to afford 8a (0.64 g, 72%): pale yellow oil;
1H NMR δ 2.47 (t, J ) 7 Hz, 2H), 2.38 (t, J ) 7 Hz, 2H), 1.85 (q,
J ) 7 Hz, 2H), 0.14 (s, 9H). 13C NMR δ 119.1 (C), 103.9 (C),
86.8 (C), 24.4 (CH2), 18.9 (CH2), 15.9 (CH2), -0.1 (CH3).
7-Hydroxy-5-heptynenitrile (8b). A solution of BuLi in

hexane (8.27 mL, 1.3 M, 10.7 mmol) was slowly added to a
solution of 1 (1 g, 10.7 mmol) in dry THF (6 mL) cooled at -78
°C. The mixture was stirred for 1 h and cannulated over a
suspension of paraformaldehyde (1.16 g, 12.9 mmol) in dry THF
(2 mL) at -78 °C. The resulting solution was allowed to reach
rt and stirred for 4 h. The reaction was quenched with H2O (10
mL) and extracted with ether (4 × 10 mL). The combined
organic layers were washed with brine, dried, and concentrated,
and the residue was chromatographed on silica gel (ethyl acetate/
hexane 4:6) to afford 8b (0.93 g, 70%): pale yellow oil; 1H NMR
δ 4.20 (s, 2H), 2.48 (t, J ) 7 Hz, 2H), 2.41-2.34 (m, 2H), 1.83 (q,
J ) 7 Hz, 2H). 13C NMR δ 119.1 (C), 83.0 (C), 80.3 (C), 50.8
(CH2), 24.2 (CH2), 17.5 (CH2), 16.0 (CH2).
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