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Abstract: Synthesis of azido(trimethylsilyl)acetylene (6) was performed by treating the iodonium
salt 5 with highly soluble hexadecyltributylphosphonium azide (QN3) at —40 °C. Although this
product is very unstable, it can nevertheless be trapped by the click reaction with cyclooctyne to give
the corresponding 1,2,3-triazole, and also directly characterized by 'H- and '*C-NMR data as well as
IR-spectra, which were measured in solution at low temperature and in the gas phase. The thermal
or photochemical decay of azide 6 leads to cyano(trimethylsilyl)carbene. This is demonstrated not
only by quantum chemical calculations, but also by the trapping reactions with the help of isobutene.
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1. Introduction

Whereas vinyl [1-7] and allenyl azides [7,8] are well-known for their manifold reactions and
can be prepared by various methods, all attempts to isolate or even to simply detect ethynyl azides
were unsuccessful until quite recently. The experimental pursuit of 1-azidoalk-1-ynes dates back
to 1910 with the work of Forster and Newman [9]; however, like all other early attempts, only
unwanted products were obtained, and no conclusive evidence for the formation of ethynyl azides
or their secondary decay reactions was found [7,10]. This class of azides thus remained elusive for
more than 100 years. Recently, trapping of phenylethynyl azide by 1,3-dipolar cycloaddition has
been reported after in situ generation of this azide in the presence of highly reactive cyclooctyne.
It was additionally shown that 1-azidoalk-1-ynes are short-lived species, which tend to cleave off
dinitrogen with formation of the corresponding cyanocarbene [11]. Finally, the parent azidoacetylene
(3) was synthesized by treatment of iodonium salts 1a or 1b with a highly soluble azide source,
such as hexadecyltributylphosphonium azide (QN3) [12], at —40 °C (Scheme 1) [13]. Iodonium salts
similar to 1a,b are well-known to react with azide at the terminal acetylenic carbon atom to generate
azidovinylidene intermediates after liberation of iodobenzene [14].Thus, it is plausible that exposure
of 1a,b to QN3 first leads to azidovinylidene (2), which undergoes a Fritsch-Buttenberg-Wiechell-like
rearrangement to produce 3 [13]. In solution at low temperature, the unique azide 3 was characterized
by NMR and IR spectroscopy. The latter method was also utilized to analyze unstable 3 in the
gas phase or in argon matrix, and to monitor the thermal or photochemical decay to generate
cyanocarbene 4 [15,16]. In the case of the parent compound 3, previous ab initio studies predicted
the highest barrier for the loss of dinitrogen, whereas ethynyl azides with a substituent at C-2 should
more easily undergo the cleavage reaction [17]. Especially, 1-azidoethynes with a donor substituent
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at C-2, such as amino or ethylsulfanyl, are calculated to be extremely unstable; however, a silyl group
in this position should lead to an azide with only slightly reduced stability if compared with that of 3.
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Scheme 1. Synthesis and decay of azidoacetylene (3).

Unfortunately, the parent compound 3 is a very explosive substance, and even recondensation of
its solution under reduced pressure can lead to an explosion. Here, we report on trimethylsilylethynyl
azide (6), which is significantly less explosive and did not cause any incident during the experiments.

2. Results and Discussion

When we monitored the reaction of the known [18] iodonium salt 5 with QN3 in deuterated
chloroform at —40 °C by 'H-NMR spectroscopy, nearly quantitative formation of the azide 6 was
observed (Scheme 2). Thus, it was not surprising that the trapping product 7 was isolated in high yield
(89%) after treating the reaction mixture with cyclooctyne. Recondensation of the reaction mixture
with 6 led a solution of this azide including a part of the byproduct iodobenzene but without any
salts or other reagents; however, 'H-NMR analyses showed a reduced yield of only 10%-54%, even
when the recondensation was performed at —40 °C with the help of an oil diffusion pump (10~ Torr).
There may be two reasons for this loss of 6: since 6 is obviously less volatile than 3, the thermal stress
in the recondensation process should be higher, and the intrinsic stability of 6 is possibly lower than
that of 3. In order to clarify this, we determined the half-life periods of 6 in deuterated chloroform
at —20 °C (35 min) and —30 °C (230 min) by TH-NMR spectroscopy. These results indicate a lower
thermal stability of 6 compared to that of the parent compound 3, for which a half-life period of
approximately 17 hours in dichloromethane at —30 °C was reported [13]. Nevertheless, 7 was formed
in 95% yield (‘H-NMR), when a recondensed solution of 6 was treated with an excess of cyclooctyne.
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Scheme 2. Synthesis, trapping and decay of (azidoethynyl)trimethylsilane (6).

The title compound 6 was characterized not only by 'H-NMR spectroscopy and the
trapping reaction with cyclooctyne, but also by '3C-NMR data and IR spectra measured at low
temperature in solution. In agreement with the corresponding chemical shifts of acetylene [19],
trimethylsilylacetylene [20] and 3 [13], the 13C-NMR signals of 6 at 6 = 68.3 and 89.9 (ppm) were
assigned to the C-Si and C-Nj3 sp-hybridized carbons, respectively. This assignment was also
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supported by 3C,'H long-range shift correlation experiments (GHMBC AD and CIGAR, see the
Supplementary Materials), and the upfield shift for the signal of the C-Si carbon indicates that
the azido group acts as a 7w donor, through which 6 becomes an electron-rich alkyne. When the
decay of 6 in deuterated chloroform was monitored by IR spectroscopy in the temperature range of
—60 to +20 °C, three characteristic signals at 2173 (weak, C=C), 2103 (very strong, N3/asym) and
1254 cm™! (medium, N3 /sym) were detected. By increasing the temperature, these signals became
weaker, and at —10 °C the decay of the azide 6 was nearly complete. The IR data of 6 are similar
to the corresponding frequencies which were observed for 3 after measurement in chloroform at
—20 °C [13]. In the latter case, however, the intensity pattern was quite different owing to strong
vibrational coupling by Fermi resonances [15].

When the title compound 6 was generated from 5 and QN3 in the high-boiling solvent propylene
carbonate instead of chloroform, volatile 6 could be slowly distilled into a cold glass trap (-65 °C) and
thereafter quickly vaporized into an IR gas cell to measure the corresponding spectra (Figure 1). The
decay of gaseous 6 was also monitored by IR spectroscopy which indicated a significantly more rapid
decomposition of this azide if compared to the analogous experiments with 3 [16] (Figure 2).
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Figure 1. IR difference spectrum showing the changes before and after thermal decomposition of
gaseous Me3SiCCN3 (6) in the range of 3200-400 cm~!. The bands pointing downwards belong to
unidentified decomposition product. Band positions of 6 are 2970, 2259, 2183, 2110, 1277, 976, 850,
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Figure 2. IR spectra of gaseous Me3SiCCNj3 (6) in the range of 2400-2000 cm~1 showing its thermal
decay at 282 K in 680 s. Inset: First-order kinetics for the decomposition, the corresponding rate
constant is (9.36 + 0.11) x 1073 s—1 and half-life time is 74 s.
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The decomposition of ethynyl azide 6 is expected to lead to cyano(trimethylsilyl)carbene
(8). The formation of this short-lived species is also supported by quantum chemical calculations
that explained the generation of 8 from 6 through a synchronous reaction without a nitrene
intermediate [17,21] (Figure 3). The activation barrier for this process was calculated to amount
20-22 kcal- mol !, and such a low value corresponds to the fact that 6 is a highly unstable compound.
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Figure 3. Calculated potential energy surface for the decomposition of Me3SiCCN3 (6) to generate
carbene 8 at the CBS-QB3 and B3LYP/6-311++G(3df,3pd) (in parentheses) levels of theory. The
selected bond lengths (A, italics) calculated at the B3LYP/ 6-311++G(3df,3pd) level are also shown.

Since the decay of the title compound 6 was postulated to lead to carbene 8, we tried to trap the
latter very reactive intermediate by storing a recondensed solution of 6 for 16 h at low temperature
(—40 to + 20 °C) in the presence of a great excess of isobutene. After work-up, we isolated a mixture
of the cyclopropanation product 9 (69% based on 6) and the insertion product 10 (5%); and similar
yields (56% and 5% based on 5) were achieved when the reaction mixture resulting from treatment
of 5 with QN3 was directly diluted with a large amount of isobutene (Scheme 2). Irradiation of a
recondensed solution of 6 in the presence of an excess of isobutene at —60 °C led also to 9 and 10;
however, the yields were lower. The cyclopropane derivative 9 is a new compound, whereas 10 was
previously prepared by an alternative method [22].

3. Experimental Section

Caution! Small covalent azides are potentially hazardous and explosive. Me3SiCCNj3 (6) was
found to be highly unstable, and the neat substance should only be handled on milligram scales,
and appropriate safety precautions (face shields, leather gloves, and protective leather clothing) are
strongly recommended. For potential hazards in handling hydrazoic acid and organic azides, see [23].

3.1. General Information

3.1.1. Apparatus

FTIR spectra were recorded with a Nicolet iS5 spectrophotometer (Thermo Scientific Inc.,
Waltham, MA, USA) and solutions in KBr cuvettes. Low-temperature FTIR spectra with 6 in
solution were recorded with a Nicolet 6700 spectrophotometer (Thermo Scientific). 'H-NMR spectra
were recorded with a Unity Inova 400 spectrometer (Varian Inc., Palo Alto, CA, USA) operating
at 400 MHz. By using the same spectrometer, 3C-NMR data were recorded at 100.6 MHz. NMR
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signals were referenced to TMS (5 = 0) or solvent signals and recalculated relative to TMS. The
multiplicities of 3C-NMR signals were determined with the aid of DEPT135 experiments. HRMS
(ESI) spectra were recorded with a micrOTOF-QII spectrometer (Bruker-Daltronik GmbH, Bremen,
Germany). TLC was performed with Polygram SIL G/UVjs4 polyester sheets (Macherey-Nagel,
Diiren, Germany). Photolysis experiments were executed by using a high-pressure mercury lamp
(TQ 150, Heraeus, Hanau, Germany). Reactions in connection with IR analysis of gaseous 6 were
performed in a two-bulb glass vessel (volume 2 x 30 mL), which was connected to the vacuum
line and equipped with small magnetic stir bars and a J-Young PTFE stem. Volatile materials were
manipulated in a glass vacuum line equipped with a pressure gauge (CTR100, Oerlikon Leybold,
Koln, Germany) and three U-traps. The vacuum line was connected to an IR gas cell (optical path
length 20 cm, Si windows, 0.3 mm thick), fitted into the sample compartment of the FT-IR instrument

(Tensor 27, Bruker, Billerica, MA, USA) for measuring gas-phase IR spectra at a resolution of 2 cm 1.

3.1.2. Chemicals

Trimethylsilylethynyl(phenyl)iodonium triflate (5) [18], hexadecyltributylphosphonium azide
(QN3) [12] and cyclooctyne [24] were prepared according to the literature. Propylene carbonate
(99.5%, Acros, Morris Plains, NJ, USA) was degassed before use.

3.2. Synthesis of (Azidoethynyl)trimethylsilane (6) in Solution

A solution of QN3 (611 mg, 1.3 mmol) in CDCl; (3 mL) and CH,Cl, (20 pL, internal standard)
was cooled to —40 °C. Compound 5 (422 mg, 1.0 mmol) was added in portions, and the mixture was
stirred at —40 °C for 1 h. During this time, the color of the solution changed to yellow. With the
aid of an oil diffusion pump (10~ Torr), volatile 6 and the solvent were recondensed into another
flask cooled by liquid nitrogen. This led to a solution of 6 (yield ca. 10%-55%, 'H-NMR), which
additionally contained a part of the iodobenzene. Caution! During recondensation, explosion of 6
is possible, so protective shield use is highly recommended. After recondensation, solutions of 6
in CDCl; were utilized for NMR spectroscopy at low temperature. Alternatively, they were diluted
with isobutene (50 mL) and slowly warmed to room temperature or irradiated with a high-pressure
mercury lamp at —60 °C for 30 min to generate the trapping products 9 and 10. Furthermore, solutions
of 6 in CDCl3 were treated at —40 °C with a solution of an excess of cyclooctyne in the same solvent
to produce the triazole 7. 'H-NMR (CDClz) & = 0.13 (s, 9H, SiMe3). 3C-NMR (CDCl3) & = —0.18
(q, SiMez), 68.67 (s, Me3Si-C=C), 90.00 (s, C=C-N3). Signal assignment was supported by gHMBC
AD and CIGAR experiments. IR (CDCl3, —60 °C) vV = 2173 (w), 2103 (s), 1254 (m) cm~ L

3.3. Synthesis of Gaseous (Azidoethynyl)trimethylsilane (6)

Trimethylsilylethynyl(phenyl)iodonium triflate (5) (149 mg, 0.33 mmol) and hexadecyltributyl-
phosphonium azide (QN3, 340 mg, 0.7 mmol) were placed into the two separate bulbs of the reaction
vessel. The reaction vessel was then connected to the vacuum line, and propylene carbonate (3 mL)
was added to each bulb under argon gas protection. The reaction vessel was then carefully evacuated
and cooled in an ethanol bath (-30 °C). Afterwards, the cold solution of iodonium salt was slowly
poured into the other solution in portions, while the vessel was always under vacuum and volatile
products were distilled into three cold traps which were kept at —20, —65, and —196 °C, respectively.
The formation of Me3SiCCNj3 (6) was evidenced by the occurrence of a white solid in the second
trap, and non-condensable N, gas was immediately produced upon mixing. One hour later, in the
second trap small amounts of white solid were retained and directly evaporated into the gas cell for
IR spectroscopy measurement.

3.4. Synthesis of 1-(Trimethylsilylethynyl)-4,5,6,7,8,9-hexahydro-1H-cycloocta[d][1,2,3]triazole (7)

A solution of QN3 (1035 mg, 2.3 mmol) in CDCl; (8 mL) was cooled to —40 °C. Compound 5
(844 mg, 2 mmol) was added in portions, and the mixture was stirred for 60 min. Thereafter, a solution
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of cyclooctyne (440 mg, 4 mmol) in CDCl3 (1 mL) was added, and the mixture was stirred at —40 °C
for 7 h and stored at —30 °C overnight. After dilution with Et;O, the reaction mixture was filtered
through silica gel to remove the salts. Then the solvents and the excess of cyclooctyne were removed
under vacuum, followed by flash chromatography (5iO,/Et,O) to get 7 (330 mg, 89%) as a yellow
oil. 'TH-NMR (CDCl3): & = 0.25 (s, 9H, SiMe3), 1.40-1.52 (m, 4H, H-6, H-7), 1.73 (pseudo quint, | = 6.2
Hz, 2H, H-5), 1.82 (pseudo quint, | = 6.2 Hz, 2H, H-8), 2.79-2.91 (m, 4H, H-4, H-9). 13C-NMR (CDCl3):
5 = —0.42 (q, SiMes3), 21.92 (t, C-9), 24.15 (t, C-4), 24.59 (t, CHy), 25.44 (t, C-8), 25.85 (t, CHj), 27.49
(t, C-5), 82.89 (s, C=C), 87.66 (s, C=C), 137.41 (s, C-9a), 142.41 (s, C-3a). IR (CCly): vV = 2935, 2856, 2190
(C=C), 1253 cm~!. HRMS: m/z calcd. for C13Hp;N3Si (M + H]*): 248.1583, found: 248.1564; calcd.
for (M + Na]*): 270.1402, found: 270.1382.

3.5. Synthesis of 2,2-Dimethyl-1-trimethylsilyl-cyclopropanecarbonitrile (9) and
4-Methyl-2-trimethylsilyl-pent-4-enenitrile (10)

A solution of QN3 (1035 mg, 2.3 mmol) in CDCl; (8 mL) was cooled to —40 °C. Compound 5
(844 mg, 2 mmol) was added in portions, and the mixture was stirred for 60 min. Thereafter, this
solution was added in one portion to recondensed isobutene (100 mL), and the mixture was slowly
warmed to room temperature overnight. After dilution with Et,O, the reaction mixture was filtered
through silica gel to remove the salts. The oily residue was used for flash chromatography (silica gel,
Et,O/hexane 1:9) to give a pale yellow oil (220 mg, 61%) of a mixture of the nitriles 9 and 10 (10:1).
The spectroscopic data of 10 were identical with those already published [22].

9: TH-NMR (CDCl3): & = 0.18 (s, 9H, SiMe3), 0.94 (d, %] = 4.2 Hz, 1H, H-3), 1.11 (d %] = 4.2 Hz, 1H,
H-3), 1.17 (s, 3H, Me), 1.38 (s, 3H, Me). 3C-NMR (CDCl3): 5 = —0.95 (q, SiMes), 8.08 (s, C-1), 22.51
(9, Me), 25.20 (q, Me), 25.47 (s, C-2), 26.84 (t, C-3), 112.48 (s, CN), HRMS: m/z calcd. for CoH;7NSi
(IM + Na]*): 270.1402, found: 270.1382.

10: 'H-NMR (CDCl3): & = 0.18 (s, 9H, SiMe3), 1.74 (br. s, Me), 1.91 (dd, 3] = 11.7 Hz, 3] = 4.7 Hz, 1H,
CHCN), 2.09—2.25 (m, 2H, CH,), 4.83-4.87 (m, 2H, =CH,). 13C-NMR (CDCl3): & = —3.30 (q, SiMe3),
17.41 (d, C-2), 21.72 (q, CH3), 34.55 (t, C-3), 112.48 (s, CN)), 123.83 (t, C-5), 142.40 (s, C-4).

3.6. Quantum Chemical Calculations

Geometry optimizations and harmonic frequency calculations were performed using the
B3LYP [25] method with the 6-311++G(3df,3pd) basis set. Complete basis method (CBS-QB3) was
also used [26]. Temperature corrections were all made at 298.15 K. Local minima were confirmed
by harmonic vibrational frequencies. The transition states were characterized by a single imaginary
frequency. All the calculations were performed using the Gaussian 09 software package [27].

4. Conclusions

In summary, we have demonstrated that (azidoethynyl)trimethylsilane (6) belongs among
the very rare alk-1-ynyl azides which can be detected and spectroscopically characterized. The
synthesis of this short-lived compound is easily performed if appropriate substrate, reagent and
reaction conditions are used. Because in situ generation of azidoacetylenes has recently been
utilized to prepare a variety of products via the decomposition to the corresponding
cyanocarbenes [11,13,28-31], the decay of 6 or similar silylethynyl azides to give cyano(silyl)carbenes
may be useful in organic synthesis, especially since the latter carbenes are, to the best of our
knowledge, unknown in literature.

Supplementary Materials: Supplementary materials can be accessed at: http:/ /www.mdpi.com/1420-3049/20/
12/19770/s1.

Acknowledgments: This work is part 35 in the series “Reactions of Unsaturated Azides” and was generously
supported by the Deutsche Forschungsgemeinschaft (BA903/12-3). We thank S. Hemeltjen (Chemnitz
University) for his help in the measurement of low-temperature IR spectra.

21333



Molecules 2015, 20, 21328-21335

Author Contributions: M.H. performed the experiments with 6 in solution. Z.W. and X.Z. analyzed 6 in the gas
phase and performed the quantum chemical calculations. K.B. and X.Z. wrote the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Smolinsky, G.; Pryde, C.A. The chemistry of vinyl azides. In The Chemistry of the Azido Group; Patai, S., Ed.;
John Wiley & Sons: London, UK, 1971; pp. 555-585.

2. Labbé, G.; Hassner, A. New Methods for the Synthesis of Vinyl Azides. Angew. Chem. Int. Ed. Engl. 1971,
10, 98-104. [CrossRef]

3.  Labbé, G. Reactions of Vinyl Azides. Angew. Chem. Int. Ed. Engl. 1975, 14, 775-782. [CrossRef]

4. Hassner, A. Vinyl Azides and Nitrenes. In Azides and Nitrenes; Scriven, E.E. V., Ed.; Academic Press: Orlando,
FL, USA, 1984; pp. 35-94.

5.  Banert, K. Vinyl-azide. In Methoden der Organischen Chemie (Houben-Weyl), 4th ed.; Kropf, H.,
Schaumann, E., Eds.; Thieme: Stuttgart, Germany, 1993; Volume E 15, pp. 818-875.

6.  Collier, S.J. Alk-1-enyl Azides. In Science of Synthesis (Houben—Weyl); Molander, G.A., Ed.; Thieme: Stuttgart,
Germany, 2006; Volume 33, pp. 541-563.

7. Banert, K. The Chemistry of Vinyl, Allenyl, and Ethynyl Azides. In Organic Azides—Syntheses and
Applications; Brése, S., Banert, K., Eds.; John Wiley & Sons: Chichester, UK, 2010; pp. 115-166.

8. Banert, K. 1-Azido-allene. In Methoden der Organischen Chemie (Houben—Weyl); Thieme: Stuttgart, Germany,
1993; Volume E 15, pp. 3105-3107.

9.  Forster, M.O.; Newman, S.H. Triazoethylene (Vinylazoimide) and the Triazoethyl Halides. ]J. Chem. Soc.
1910, 97, 2570-2579. [CrossRef]

10. Banert, K. Science of Synthesis (Houben—Weyl); Thieme: Stuttgart, Germany, 2006; Volume 24, pp. 1059-1072.

11. Banert, K.,; Hagedorn, M.; Wutke, J.; Ecorchard, P.; Schaarschmidt, D.; Lang, H. Elusive ethynyl azides:
Trapping by 1,3-dipolar cycloaddition and decomposition to cyanocarbenes. Chem. Commun. 2010, 46,
4058-4060. [CrossRef]

12.  Banert, K. Hexadecyltributylphosphonium Azide—A Highly Potent Reagent for the Synthesis of Unusual
Azides (Review). Synthesis 2007, 3431-3446. [CrossRef]

13. Banert, K,; Arnold, R.; Hagedorn, M.; Thoss, P; Auer, A.A. Reactions of Unsaturated Azides, Part 30.
1-Azido-1-alkynes: Synthesis and Spectroscopic Characterization of Azidoacetylene. Angew. Chem. Int. Ed.
2012, 51, 7515-7518. [CrossRef] [PubMed]

14. Kitamura, T.; Stang, PJ. Generation, trapping and fate of alkylidenecarbene-iodonium ylides from the
addition of NaNj3 to alkynylphenyliodonium tosylates. Tetrahedron Lett. 1988, 29, 1887-1890. [CrossRef]

15.  Oschetzki, D.; Zeng, X.; Beckers, H.; Banert, K.; Rauhut, G. Azidoacetylene—Interpretation of gas phase
infrared spectra based on high-level vibrational configuration interaction calculations. Phys. Chem.
Chem. Phys. 2013, 15, 6719—-6725. [CrossRef] [PubMed]

16. Zeng, X.; Beckers, H.; Seifert, J.; Banert, K. The Photochemical and Thermal Decomposition of
Azidoacetylene in the Gas Phase, Solid Matrix, and Solutions. Eur. ]. Org. Chem. 2014, 4077-4082.
[CrossRef]

17.  Prochnow, E.; Auer, A.A.; Banert, K. Ab initio Study of Molecular Properties and Decomposition Products
of 1-Azidoalkynes—A Challenge for Experimentalists. |. Phys. Chem. A 2007, 111, 9945-9951. [CrossRef]
[PubMed]

18. Kitamura, T.; Kotani, M.; Fujiwara, Y. An Alternative Synthesis of Alkynyl(phenyl)iodonium Triflates Using
(Diacetoxyiodo)benzene and Alkynylsilanes. Synthesis 1998, 10, 1416-1418. [CrossRef]

19. Kalinowski, H.-O.; Berger, S.; Braun, S. 13C—NMR—Spektroskopie; Thieme: Stuttgart, Germany, 1984;
pp- 129-134.

20. Al-Hassan, M.L; Al-Najjar, LM.; Al-Oraify, LM. ?°Si~ and !3C-NMR Spectra of Alkenyl- and
Alkynyl-trimethylsilanes. Magn. Reson. Chem. 1989, 27, 1112-1116. [CrossRef]

21. A previous report on an intermediate ethynylnitrene was based on an erroneous structure of the

corresponding trapping product: Tanaka, R.; Yamabe, K. Nucleophilic attack on chloro(phenyl)ethyne by
azide ion. J. Chem. Soc. Chem. Commun. 1983, 329-330. [CrossRef]

21334


http://dx.doi.org/10.1002/anie.197100981
http://dx.doi.org/10.1002/anie.197507751
http://dx.doi.org/10.1039/ct9109702570
http://dx.doi.org/10.1039/c0cc00079e
http://dx.doi.org/10.1055/s-2007-990854
http://dx.doi.org/10.1002/anie.201203626
http://www.ncbi.nlm.nih.gov/pubmed/22778044
http://dx.doi.org/10.1016/S0040-4039(00)82069-9
http://dx.doi.org/10.1039/c3cp50268f
http://www.ncbi.nlm.nih.gov/pubmed/23546525
http://dx.doi.org/10.1002/ejoc.201402153
http://dx.doi.org/10.1021/jp072566g
http://www.ncbi.nlm.nih.gov/pubmed/17850120
http://dx.doi.org/10.1055/s-1998-2171
http://dx.doi.org/10.1002/mrc.1260271203
http://dx.doi.org/10.1039/C39830000329

Molecules 2015, 20, 21328-21335

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Mauzé, B.; Miginiac, L. Synthése régiosélective de silanes «-fonctionnels par alkylation du dérivé lithié du
triméthylsilylacétonitrile. J. Organomet. Chem. 1991, 411, 69-74. [CrossRef]

Keicher, T.; Lobbecke, S. Lab-scale Synthesis of Azido Compounds: Safety Measures and Analysis.
In Organic Azides—Syntheses and Applications; Brase, S., Banert, K., Eds.; John Wiley & Sons: Chichester,
UK, 2010; pp. 3-27.

Tietze, L.F; Eicher, T. Reaktionen und Synthesen im Organisch-Chemischen Praktikum und
Forschungslaboratorium, 2nd ed.; Thieme: Stuttgart, Germany, 1991; p. 40.

Becke, A.D. Density-functional thermochemistry. III. The role of exact exchange. |. Chem. Phys. 1993, 98,
5648-5652. [CrossRef]

Montgomery, J.A., Jr.; Frisch, M.]J.; Ochterski, ].W.; Petersson, G.A. A complete basis set model chemistry.
VIIL. Use of the minimum population localization method. J. Chem. Phys. 2000, 112, 6532-6542. [CrossRef]
Frisch, M.J.; Trucks, G.W.; Schlegel, H.B.; Scuseria, G.E.; Robb, M.A.; Cheeseman, J.R.; Scalmani, G.;
Barone, V.; Mennucci, B.; Petersson, G.A,; et al. Gaussian 09, A.1; Gaussian, Inc.: Wallingford, CT,
USA, 2009.

Banert, K.; Hagedorn, M.; Pester, T.; Siebert, N.; Staude, C.; Tchernook, I.; Rathmann, K.; Holl6czki, O.;
Friedrich, J. Reactions of Unsaturated Azides, Part 34. Rearrangement Reactions of Tritylcarbenes:
Surprising Ring Expansion and Computational Investigation. Chem. Eur. ]. 2015, 21, 14911-14923.
[CrossRef] [PubMed]

Hyatt, LED.; Croatt, M.P. Reactions of Hypervalent Iodonium-Alkynyl Triflates with Azides: New
Mechanistic Approach for the Generation of Cyanocarbenes. Angew. Chem. Int. Ed. 2012, 51, 12169-12171.
[CrossRef] [PubMed]

Hyatt, LE.D.; Meza-Avifia, M.E.; Croatt, M.P. Alkynes and Azides: Not Just for Click Reactions. Synlett 2012,
23, 2869-2874.

Hyatt, LED.; Nasrallah, D.J.; Maxwell, M.A.; Hairston, A.C.F.; Abdalhameed, M.M.; Croatt, M.P. Formation
and in situ Reactions of Hypervalent Iodonium Alkynyl Triflates to Form Cyanocarbenes. Chem. Commun.
2015, 51, 5287-5289. [CrossRef] [PubMed]

Sample Availability: Not available.

© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open
@ access article distributed under the terms and conditions of the Creative Commons by

Attribution (CC-BY) license (http://creativecommons.org/licenses/by/4.0/).

21335


http://dx.doi.org/10.1016/0022-328X(91)86006-C
http://dx.doi.org/10.1063/1.464913
http://dx.doi.org/10.1063/1.481224
http://dx.doi.org/10.1002/chem.201501352
http://www.ncbi.nlm.nih.gov/pubmed/26342739
http://dx.doi.org/10.1002/anie.201203062
http://www.ncbi.nlm.nih.gov/pubmed/22730261
http://dx.doi.org/10.1039/C4CC08676G
http://www.ncbi.nlm.nih.gov/pubmed/25558484

	Introduction 
	Results and Discussion 
	Experimental Section 
	General Information 
	Apparatus 
	Chemicals 

	Synthesis of (Azidoethynyl)trimethylsilane (6) in Solution 
	Synthesis of Gaseous (Azidoethynyl)trimethylsilane (6) 
	Synthesis of 1-(Trimethylsilylethynyl)-4,5,6,7,8,9-hexahydro-1H-cycloocta[d][1,2,3]triazole (7) 
	Synthesis of 2,2-Dimethyl-1-trimethylsilyl-cyclopropanecarbonitrile (9) and 4-Methyl-2-trimethylsilyl-pent-4-enenitrile (10) 
	Quantum Chemical Calculations 

	Conclusions 

