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1-Dimethylamino-propyn-2-ylsilanes 3a [Me,Si(C=C-CH,;NMe,),], 3b [Me(H)Si(C=C-CH;N
Mey),], 4a [Me;(Cl)Si-C=C-CH,;NMe;], 4b [Me(H)(CI)Si-C=C-CH,NMe;], and 5 [Me;NCH,-
C=C-SiMe;,SiMe,-C=C- CHyNMe;] were prepared. Similarly, the 1-(pyrazol-1-yl)-propin-2-yl-
silanes 6 and 7 (analogous to 3a and 5, respectively) and the tin compounds 8 [Me;Sn-C=C-CH,-pz]
(pz = pyrazol-1-yl) and 9 [Me, Sn(C=C-CH>-pz),] were synthesized, using the reaction of Li-C=C-
CH>-pz (2-Li) with the respective chlorosilanes or tin chlorides. The compounds 3 to 9 were charac-

terised in solution by a consistent set of 1H, 13C, 2°Sj and 119Sn NMR data.
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Introduction

The synthetic potential of alkynylsilicon and -tin
compounds can be enhanced if additional functional
groups are present, linked either to silicon and tin or to
the C=C hond. The latter derivatives can be prepared
starting from the respective terminal alkynes and us-
ing the well documented procedures [1, 2] for forming
Si-C= or Sn-C= bonds. We are interested to study the
1,1-organoboration [3] of such compounds, since the
presence of functional groups such as a dimethylamino
group or an azine type nitrogen atom (in the pyrazolyl
group, pz) may change the regio- and stereoselectivity
of these reactions. Furthermore, the presence of these
functions in addition to the C=C bond is attractive for
complexation [4], in particular if two alkynyl groups
are linked to a central element. In this work, we re-
port on the synthesis and NMR spectroscopic proper-
ties of propargyl silanes and stannanes derived from

the alkynes 1 and 2.
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Results and Discussion
Synthesis of the alkyn-1-ylsilicon and -tin compounds

Treatment of the alkynes 1 and 2 with butyl lithium
affords the respective lithium alkynides which then can

be reacted with organosilicon or -tin chlorides to give
the desired products in good yield. Representative re-
sults for the reactions of 1-Li and 2-Li with silicon or
tin chlorides are shown in the Schemes 1 and 2, respec-
tively. With the exception of the tin compound 9 which
was always obtained along with allenyl tin derivatives,
all other products were pure (> 95%) even without dis-
tillation. The alkyne derivatives 3— 9 are oily, colour-
less liquids which can be stored for prolonged periods
without decomposition. The tin compounds 8 and 9 are
sensitive towards moisture, as well as the chlorosilanes
4. The silanes 3b and 4b are sensitive to both moisture
and oxygen. The tin compound 3a(Sn), analogous to
3a, has been prepared previously [5].

NMR spectroscopic results

Table 1 lists 2C, 2°Si and 1*°Sn NMR data of the
compounds 3-9 together with some data of related
compounds for comparison. The data support the pro-
posed structures, and chemical shifts §13C as well as
coupling constants "J(?°Si,13C) and "J(11Sn,*3C) for
the dimethylamino derivatives are similar when com-
pared with the compounds without a functional group.
In the cases of the N-pyrazolyl derivatives, the mag-
nitude of | 2J(?°Si,*3C=) | (6, 7), and even more so
of | L3(*%sn,13Cc=) | (8, 9) is significantly smaller
than in the corresponding propyn-1-yl or hexyn-1-yl
compounds. Apparently, the polarising ability of the
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C=C-CH5-pz group is reduced with respect to that
of the C=C-C4Hg or C=C-CH,-NMe; groups, most
likely the result of o - delocalisation involving the
heteroaromatic 7 system and the =C-CH,-N ¢ bonds.
Any significant association in solutions of 3—9, which
may be conceivable in the case of the dimethyltin
derivatives, can be ruled out by the inspection of the
chemical shifts §2°Si and §'°Sn, since §2°Si [6] and
8119Sn values, in particular, are known to be extremely
sensitive even to weak association [7]. Although 3C
NMR spectra are readily recorded owing to the good
solubility of the compounds, the measurement of the
coupling constants J(%°Si,*3C) and J(°Sn,'3C) in-
volving the alkynyl carbon atoms can be achieved in
general more conveniently and faster by observing the
13¢ satellites in the 2°Si (Fig. 1) or 1°Sn NMR spec-
tra (Fig. 2). Isotope effects are rather small in the case

4b Scheme 1.

of 2°Si chemical shifts, but fairly large, at least for the
119gn-12Cc=/1193n-13C= isotopomers in 8 and 9. The
values observed (Table 1) correspond in magnitude and
trend to those for other alkynyltin compounds [9].

Conclusions

Both alkynylsilicon and alkynyltin compounds con-
taining a functional group such as a dimethylamino
or a 1-pyrazolyl group in B-position with respect to
the C=C bond can be prepared, and their monomeric
structure follows from the consistent set of NMR data.
Rearrangement of the propargyl into an allenyl group
does not play a role under non-forcing conditions.
The compounds reported here are attractive for fur-
ther transformation, and work in this direction is in
progress.

Experimental Section

Preparative work and handling of samples for NMR mea-
surements were routinely carried out in an inert atmosphere,
using dry solvents and oven-dried glass ware. Starting ma-
terials such as N,N-dimethylpropargylamine, n-butyl lithium
(1.6 M in hexane), the chlorosilanes and tin chlorides were
commercial products. 1-(Propyn-2-yl)pyrazole 1 was pre-
pared following a literature procedure [10] with slight mod-
ifications (stirring of the reaction mixture after warming to
room temperature for 72 h instead of 24 h gives a better
yield). 1: 13C NMR (62.3 MHz): §13C = 74.1 (=C-H), 76.4
(=C), 40.6 (CHy), 139.2 (pz-C-3), 105.5 (pz-C-4), 128.3
(pz-C-5).

IR spectra were measured by using a Perkin Elmer, Spec-
trum 2000 FTIR instrument. NMR spectra were recorded by
using a Bruker ARX 250 instrument, equipped with a multi-
nuclear unit. If not mentioned otherwise, samples dissolved
in CgDg or CDClI3 (ca. 10%) in 5 mm (0. d.) tubes were mea-
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s8¢ 52sior  Table1.13C, #Siand °Sn NMR datal?
No/M = Sior Sn M-C= =C-R M-Me R 51%sn of 3-9 and some related alkyn-1-
2 869 1030 09 48.9 (CHy), 43.9 (N\Mey) —41.0 ylsilicon and -tin compounds for com-
(983) (195) (61.9) parison.
Me,Si(C=C-Bu); 82.1 107.8 11 19.8,30.9,22.2,13.8 —419
(100.3) (20.2) (61.0) [l Measured in CgDg (ca. 10%), if not noted
3b 838 1041 —-19  49.1(CHy), 44.6 (NMey) —62.7 otherwise; coupling constants JZ°Si,13C) are
(102.5) (19.4) (62.1) {2217} given in parentheses (+ 0.2 Hz), LJ(2°Si,1H)
Me(H)Si(CEC-BU)Z 79.0 110.0 -19 19.8, 30.6, 22.1, 13.7 —62.9 in braces {i 0.2 Hz}' and \](llgsn’l:"c) in
(102.2) (20.2)  (61.6) {217.6}  brackets [+ 0.3 Hz]; ! data taken from Ref.
4a 85.8 1034 35 48.3 (CHz), 43.8 (NMez) —04 [11]; 13(2Si,23C(Me)) = 49.4 corrects a mis-
(102.8) (19.4) (65.8) print in [11]. [ J(*19Sn, 13C) data measured
Mezsi(CDCEC-BU 81.2 110.3 4.0 19.6, 30.5, 22.6, 13.7 -13 from 119Sn NMR spectra; isotope-induced
(105.7) (21.8) (65.4) chemical shifts 1A12/13Cy,(119n) =
4b 838 1065 15 48.5 (CHyp), 48.5 (NMe,) —22.6 —4+2 ppb, and AR/13Cc_(11%Sn) =
(1054) (21.2) (64.6) {2493}  _58+ 2 ppb. [ J(*198n, 13C) data measured
Me(H)SI(Cl)CEC-BU 78.9 112.4 1.8 19.6, 30.3, 22.0, 13.6 —22.3 from 1195[] NMR spectra; isotope-induced
(108.2) (224) (64.6) {247.2}  chemical shifts 1A%/13Cpye(119Sn) =
5 873 1044 —26  49.0 (CHy), 43.9 (NMe;) —37.8 —1+2 ppb, and 1A12/3C._(19sn) =
(76.6) (13.7) (49.4) —53 2 ppb.
MesSir(C=C-Me), O} 816 1053 —26 48 —384
(79.0) (15.2) (44.9)
(7.4 (54)
6 879 1009 —02  42.7(CHp),139.9 (C-3), —38.8
(955) (20.1) (62.6) 106.3 (C-4), 128.6 (C-5)
7 88.8 1019 —3.3  42.4(CH,)139.8(C-3), —36.6
(740) (137) (50.5) 106.1(C-4), 128.4 (C-5)
gld 89.9 1025 —82  42.6(CH,), 139.7(C-3), —67.4
[411.0] [84.0] [405.4] 106.4 (C-4), 128.3 (C-5)
Me3Sn-C=C-Bu 81.7 110.7 -8.1 20.1,31.5,22.2,13.8 —73.0
[506.6] [105.3] [404.3]
3a(Sn) 849 1051 —6.3  48.9 (CHy), 44.0 (NMe;) —156.8
(in CDCl3) [612.9] [123.4] [499.2] [11.4]
gd 864 1026 —6.9  42.3(CH,), 140.7(C-3), —151.6
[581.5] [120.3] [500.8] 107.4 (C-4), 127.1 (C-5)
Me,Sn(C=C-Bu); 79.1 110.9 —6.6 19.5, 30.6, 21.6, 13.3 —156.7
(in CDCl3) [639.8] [133.0] [497.0] [12.0][7.1]

sured at 23+ 1 °C. Chemical shifts are given with respect
to Mey4Si using the solvent signals [§*H (CgDsH) = 7.15,
(CHCI3/CDClg) = 7.24; 813C (CsDg) = 128.0, (CDCl3) =
77.0], and the absolute frequencies for §2%Si(Me,Si) = 0
[E(?°Si) = 19.867184 MHz], and for §119Sn(MesSn) = 0
[E(119Sn) = 37.290665 MHz]. Mass spectra: (EI MS; 70
eV): Finnigan MAT 8500 with direct inlet; the m/z data refer
to the isotopes 1H, 12C, 14N, 28sj, 120gp,

Synthesis of the bis(1-dimethylamino-propyn-2-yl)silanes
3a, 3b and 5 (general procedure): The freshly prepared sus-
pension of 1-Li (10 mmol) in hexane (30 ml) was kept stir-
ring and cooled to —78 °C, and the respective chlorosilane or
dichlorodisilane (5 mmol) was added dropwise within 15 min
as a solution in hexane (5 ml). Then the mixture was warmed
to room temperature, heated at reflux for 1 h, and kept stir-
ring for further 12 h at room temperature. Insoluble materials
were filtered off, volatile materials were removed in vacuo
and the fractional distillation of the residue under reduced
pressure gave 3a (b.p. 8688 °C/1 Torr) and 3b (b.p. 70—

80 °C/1 Torr) in 70— 78% yield. Compound 5 was obtained in
85% vyield in high purity (see Fig. 1) and distillation was not
carried out. 3a: C12H22N,Si (222.4): caled. C 64.8, H 10.0,
N 12.6; found C 64.3, H 9.8, N 12.4; 1H NMR (250.1 MHz;
CDCl3): 8 = 0.37 (s, 6H, SiMey), 2.21 (s, 12H, NMey),
3.20 (s, 4H, NCHy); IR: v(C=C) = 2184, 2166 cm™1; EI
MS: miz (%) = 221 (5) (M*-H), 207 (10), 179 (100), 164
(20), 82 (25), 58 (45), 44 (15). 3b: *H NMR (250.1 MHz;
CDCls): & = 0.22 (d, 3H, SiMe; 3J(1H,Si,C,'H) = 3.8 Hz),
2.12 (s, 12H, NMey), 3.11 (s, 4H, NCH,), 4.10 (g, 1H, SiH;
3J(1H,Si,C,'H) = 3.8 Hz); IR: v(C=C), v(Si-H) = 2185,
2167, 2170 (sh) cm™1. 5: TH NMR (250.1 MHz; C¢Dg): & =
0.42 (s, 12H, Me;SiSiMey), 2.25 (s, 12H, NMey), 3.25 (s,
4H, NCHy).

Synthesis of the 1-dimethylamino-propyn-2-yl(chloro)me-
thylsilanes 4a, 4b (general procedure): The lithium alkynide
1-Li (10 mmol) was freshly prepared from a solution of 1 in
THF (10 ml) and n-butyl lithium in hexane (1.6 M; 6.25 ml)
at —78 °C. After warming to room temperature a clear so-
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Fig. 1. 49.9 MHz 2°Si{*H} NMR spectrum of the 1,2-di(alkyn-1-yl)disilane 7 (in CgDg,10%), showing the 3C
satellites as marked [open arrows mark overlapping 13C satellites corresponding to the coupling constants 2J(>°Si,
Si,13c(Me)) and 2J(?°si, Si,'3C=]. The spectrum was measured by using the refocused INEPT pulse sequence [9] based
on 2J(?°si,'H(Me)) = 7 Hz (result of 160 transients; repetition delay 4 s, acquisition time 5 s).

lution was obtained which was then added dropwise within
15 min to a cooled (—78 °C), stirred solution of an excess of
the respective chlorosilane (40 mmol) in THF (20 ml). This
mixture was warmed slowly to room temperature, kept stir-
ring for 12 h, and then the solvents were removed in vacuo.
The residue was extracted with hexane (40 ml), insoluble
materials were filtered off, and the hexane was removed in
vacuo. Fractional distillation under reduced pressure gave
the desired products 4a (b.p. 32-33 °C/0.5 Torr) and 4b
(b.p. 32-35 °C/1 Torr) in 40-50% vyield. 4a C;H14CINSI
(175.7): calcd. (%) C 47.8, H 8.0, N 8.0; found (%). C 47.5,
H 7.9, N 8.1. 1H NMR (250.1 MHz; CDCl3): § = 0.44 (s,
6H, SiMejy), 2.17 (s, 6H, NMey), 3.18 (s, 2H. NCHy); IR:
v(C=C) = 2185, 2168 cm~L. 4b: 1H NMR (250.1 MHz;
CDCls): & = 0.45 (d, 3H, SiMe; 3J(*H,Si,C,'H) = 3.3 Hz),
2.18 (s, 6H, NMey), 3.13 (s, 2H, NCHy); IR: v(C=C), v(Si-
H) = 2186, 2167 cm™ 1.

Synthesis of the 1-(pyrazol-1-yl)-propyn-2-yl derivatives
6, 7, 8, 9 (general procedure): A suspension of 2-Li
(10 mmol) in hexane (20 ml) was freshly prepared from 2
and n-butyl lithium (1.6 M in hexane; 6.25 ml) at —78 °C,
warmed to room temperature and cooled again at —78 °C.
Then the respective chlorosilane (5 mmol) or tin chloride
(10 mmol Me3SnCl or 5 mmol Me,SnCl,) was added either
as a solution in hexane (10 ml) or as a solid in portions

(tin chlorides). The reaction mixture was kept stirring and
warmed to room temperature. After 15 min of heating at
reflux, all insoluble materials were filtered off, the solvent
was removed in vacuo, and the products were obtained in
89-85% vyield as oily, colourless liquids. According to 1H
NMR spectra, the compounds 6, 7 and 8 (see Fig. 2 for the
11950 NMR spectrum) were pure (> 95%). In the case of 9, a
variable amount (about 10 —30%) of an impurity was present
which according to signals in the 13C NMR spectra must be
an allenyltin derivative. Attempts to purify 9 by crystallisa-
tion from pentane at —85 °C were not successful. 6: 1H NMR
(250.1 MHz; CgDg): 6 = 0.25 (s, 6H, SiMey), 4.51 (s, 4H,
NCHy), 7.24, 6.09, 7.58 (m, m, m, 1H, 1H, 1H, H3*5). 7:
C16H22N4Si» (326.5): caled. (%) C 58.9, H 6.8, N 17.2;
found C 58.5, H 6.7, N 17.5. TH NMR (250.1 MHz; CgDs):
6 =0.30 (s, 12H, Me,Si-SiMey), 4.76 (s, 4H, NCH>), 7.44,
6.16, 7.54 (m, m, m, 1H, 1H, 1H, H34%). 8: CgH14N»Sn
(268.9): calcd. C 40.2, H 5.2, N 10.4; found C 39.9, H 5.0,
N 10.1. 'H NMR (250.1 MHz; C¢Dg): 8[3(*1°sSntH)] = 0.21
[60.5] (s, 9H, SnMe3), 4.79 [10.1] (s, 2H, NCHy), 7.20, 6.17,
7.60 (M, m, m, 1H, 1H, 1H, H34®); EI-MS: m/z (%) = 270
(3) (MT), 165 (100) (MesSnt), 105 (35) (M*-SnMejz). 9:
IH NMR (250.1 MHz; C¢Dg): 8[J(19SnH)] = 0.21 [70.0]
(s, 6H, SnMey), 4.7 [10.8] (s, 4H, NCHy), 7.61, 6.15, 7.64
(m, m, m, 1H, 1H, 1H, H34%),
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Fig. 2. 93.3 MHz 19Sn{H} NMR spectrum of the alkyn-1-yl(trimethyl)stannane 8 (in C¢Dg, 10%), showing the
13¢C satellites as marked. The spectrum was measured by using the refocused INEPT pulse sequence [9] based on
2J(119%sn,1H(Me)) = 60 Hz (result of 160 transients; repetition delay 3 s, acquisition time 2.5 s). The isotope-induced
chemical shifts 1A12/13Cy;e(119Sn) (—4+2 ppb) and 1A12/13C._(1195n) (—58+ 2 ppb), typical of mono-alkyn-1-
yl(trimethyl)stannanes [8], can be recognized by inspection, since the positions of the’*C(C=) satellites are markedly
unsymmetric with respect to the central signal of the 22C-1195n isotopomer.

Acknowl edgements

Support of this work by the Deutsche Forschungsgemein-
schaft (B.W., O.L.T.) and the Fonds der Chemischen Indus-
trie (B.W.), Alexander-von-Humboldt Stiftung (S.A.) and
DAAD (M. H.B., K.S.) is gratefully acknowledged.

[1] W.E. Davidsohn, M.C. Henry, Chem. Rev. 67, 73
(1967).

[2] a) L. Brandsma, H.D. Verkruijsse, Studies in Or-
ganic Chemistry, Vol. 8: Synthesis of Acetylenes, Al-
lenes and Cumulenes: A Laboratory Manual, Else-
vier, Amsterdam (1981); b) L. Brandsma, Preparative
Acetylenic Chemistry, 2nd ed., Elsevier, Amsterdam
(1988).

[3] B. Wrackmeyer, Coord. Chem. Rev. 145, 125 (1995).

[4] a) J.T. Singleton, Tetrahedron 59, 1837 (2003);
b) S. Back, R. A. Gossage, M. Lutz, 1. del Rio, A.L.
Spek, H. Lang, G. van Koten, Organometallics 19,
3296 (2000); c) I.P. Beletskaja, A.V. Chuchurjukin,

H.P. Dijkstra, P.M. Gerard, G. van Koten, Tetra-
hedron Lett. 41, 1075 (2000); d) H. Lang, E. Me-
ichel, Th. Stein, C. Weber, J. Kralik, G. Rheinwald,
H. Pritzkow, J. Organomet. Chem. 664, 150 (2002);
e) Th. Stein, H. Lang, J. Organomet. Chem. 664, 142
(2002); f) S. Back, Th. Stein, J. Kralik, C. Weber,
G. Rheinwald, L. Zsolnai, G. Huttner, H. Lang, J.
Organomet. Chem. 664, 123 (2002).

[5] B. Wrackmeyer, S. Kundler, W. Milius, R. Boese,
Chem. Ber. 127, 333 (1994).

[6] a) H. Marsmann, in P. Diehl, E. Fluck, R. Kosfeld
(eds.), NMR - Basic Principles and Progress, Vol. 17,
Springer, Berlin (1981); b) E. Kupce, E. Lukevics, in



612 B. Wrackmeyer et al. - Propargyl Derivatives with Silicon Carbon and Tin Carbon Bonds

E. Buncel, J.R. Jones (eds): Isotopes in the Physical [9] &) G.A. Morris, R. Freeman, J. Am. Chem. Soc. 101,

and Biomedical Sciences, Vol. 2, pp. 213 -295, Else- 760 (1979); b) G. A. Morris, J. Am. Chem. Soc. 102,

vier, Amsterdam (1991). 428 (1980); ¢) G. A. Morris, J. Magn. Reson. 41, 185
[7] a) B. Wrackmeyer, Annu. Rep. NMR Spectrosc. 16, (1980); d) D.P. Burum, R.R. Ernst, J. Magn. Reson.

73 (1985); b) B. Wrackmeyer, Annu. Rep. NMR Spec- 39, 163 (1980).

trosc. 38, 203 (1999). [10] E. Diez-Barra, A. de la Hoz, A. Loupy, A. Sanchez-
[8] S. Kerschl, A. Sebald, B. Wrackmeyer, Magn. Reson. Migallon, Heterocycles 38, 1367 (1994).

Chem. 23, 514 (1985). [11] B. Wrackmeyer, H.E. Maisel, W. Milius, Chem.

Ber./Recueil 130, 1340 (1997).



