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Abstract

In this study, we examined the photochemical generation of 2-
pyridyl(trifluoromethyl)carbene and 3-pyridyl(trifloromethyl)carbene in low-temperature
matrices. The carbenes were generated from their previously unknown diazirine
precursors, which were synthesized from bromopyridines. The diazirines were each
directly deposited on the cesium iodide window of the matrix, and cooled to 10-15K.
Once the diazirines were cooled, they were each irradiated with 366nm light. Both of
these photolyses were monitored using IR and UV/Vis spectroscopy. Once we obtained
these spectra, we were able to determine the electronic states of the individual carbenes.

In order to predict the spin states of the new carbenes, we performed B3LYP/6-
31G** level frequency and time dependent calculations. From these calculations, we
were not only able to determine the lowest energy state of the carbenes, but also their
theoretical IR and UV/Vis spectra. We then compared the IR and UV/Vis spectra
obtained from the matrix experiments to the theoretical spectra. From these comparisons,
we found that both 2-pyridyl(trifluoromethyl)carbene and 3-pyridyl(trifluoromethyl)-
carbene are triplet carbenes. The calculations also showed that these triplet states are the
lowest energy states of the carbenes. We found that the 2-pyridyl(trifluoromethyl)carbene
prefers a conformation such that the trifluoromethyl group is pointed away from the

nitrogen; however, the 3-pyridyl(trifluromethyl)carbene showed no such preference.
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Appendix A:

'H and "’F NMR Spectra
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Appendix B:

B3LYP/6-31+G** Computations
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2-pyridyl(trifluoromethyl)diazirine

Standard orientation:

es (Angstroms)

017188
180017

.243215

090151
157941

.217145
.240646

021941

.268856

489770
622618
014007
144680
082582
185276

.327708
.085290
.339921
.541369
.329335
.114312
.012579
.026056
.276351
.368226
.164716
.677767
.24399¢6
.510162
.291780

(Hartree/Particle)

819

es (Angstroms)

999932

.254544

678780
896586

.221058

760534
491655
400222
345509

.256148

010751
863957
114668
763287
424491
660844
338276

.737332
.221603
.990102
.810247
.128595
.910371
.260265
.285309
.581705
.605405
.383973
.495340
.524937
.339007
.381995
.462629
.647031

(Hartree/Particle)

Center Atomic Atomic Coordinat
Number Number Type X
1 6 0 -3.126631 0.
2 6 0 -2.447774 -1.
3 7 0 -1.180479 -1
4 6 0 -0.531977 -0.
5 6 0 -1.124634 1.
6 6 0 -2.446780 1
7 6 0 0.887000 -0
8 6 0 1.893698 -0.
9 9 0 2.044217 1
10 9 0 3.067219 -0.
11 9 0 1.585143 -0.
12 1 0 -4.170645 0.
13 1 0 -2.956972 -2.
14 1 0 -0.554738 2.
15 1 0 -2.940906 2.
Zero-point correction= 0.107351
Sum of electronic and zero-point Energies= -732.785
3-pyridyl(trifluoromethyl)diazirine
Standard orientation:
Center Atomic Atomic Coordinat
Number Number Type X
1 6 0 -2.712353 -0.
2 6 0 -3.403890 -0
3 7 0 -2.830235 0.
4 6 0 -1.521650 0.
5 6 0 -0.732835 0
6 6 0 -1.348212 -0.
7 6 0 0.710746 0.
8 6 0 1.803303 -0.
9 9 0 2.134235 -1.
10 9 0 2.908409 0
11 9 0 1.386446 -1.
12 7 0 1.086899 1.
13 7 0 1.017026 1.
14 1 0 -3.230134 -1.
15 1 0 -4.480971 -0.
16 1 0 -1.069025 1.
17 1 0 -0.768150 -1.
Zero-point correction= 0.107603
Sum of electronic and zero-point Energies= -732.781

600
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2-pyridyl(trifluoromethyl)carbene — Singlet (Anti)

Standard orientation:

(Angstroms)

.327708
.085290
.339921
.541369
.329335
.114312
.012579
.026056
.276351
.368226
.164716
.677767
.24399¢6
.510162
.291780

Center Atomic Atomic Coordinates

Number Number Type X Y
1 6 0 -3.126631 0.017188
2 6 0 -2.447774 -1.180017
3 7 0 -1.180479 -1.243215
4 6 0 -0.531977 -0.090151
5 6 0 -1.124634 1.157941
6 6 0 -2.446780 1.217145
7 6 0 0.887000 -0.240646
8 6 0 1.893698 -0.021941
9 9 0 2.044217 1.268856
10 9 0 3.067219 -0.489770
11 9 0 1.585143 -0.622618
12 1 0 -4.170645 0.014007
13 1 0 -2.956972 -2.144680
14 1 0 -0.554738 2.082582
15 1 0 -2.940906 2.185276

Zero-point correction= 0.095839

2-pyridyl(trifluoromethyl)carbene — Singlet (Syn)

Standard orientation:

(Hartree/Particle)
Sum of electronic and zero-point Energies= -623.231824

(Angstroms)

.014645
.001920
.022487
.024510
.0089165
.009751
.050098
.001484
.095309
.055208
.012699
.031212
.000683
.012554
.021750

Center Atomic Atomic Coordinates

Number Number Type X Y
1 6 0 -3.143326 -0.524888
2 6 0 -1.999486 -1.327011
3 7 0 -0.752395 -0.842615
4 6 0 -0.587327 0.485561
5 6 0 -1.673031 1.366845
6 6 0 -2.973914 0.859971
7 6 0 0.823499 1.009649
8 6 0 1.935255 0.058956
9 9 0 1.911741 -0.686502
10 9 0 1.962844 -0.738244
11 9 0 3.077378 0.728263
12 1 0 -4.149499 -0.972614
13 1 0 -2.095161 -2.424719
14 1 0 -1.502126 2.454823
15 1 0 -3.844138 1.534670

Zero-point correction= 0.095846

(Hartree/Particle)
Sum of electronic and zero-point Energies= -623.235776
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2-pyridyl(trifluoromethyl)carbene — Triplet (Anti)

Standard orientation:

(Angstroms)

.327708
.085290
.339921
.541369
.329335
.114312
.012579
.026056
.276351
.368226
.164716
.677767
.24399¢6
.510162
.291780

Center Atomic Atomic Coordinates

Number Number Type X Y
1 6 0 -3.126631 0.017188
2 6 0 -2.447774 -1.180017
3 7 0 -1.180479 -1.243215
4 6 0 -0.531977 -0.090151
5 6 0 -1.124634 1.157941
6 6 0 -2.446780 1.217145
7 6 0 0.887000 -0.240646
8 6 0 1.893698 -0.021941
9 9 0 2.044217 1.268856
10 9 0 3.067219 -0.489770
11 9 0 1.585143 -0.622618
12 1 0 -4.170645 0.014007
13 1 0 -2.956972 -2.144680
14 1 0 -0.554738 2.082582
15 1 0 -2.940906 2.185276

Zero-point correction= 0.095745

2-pyridyl(trifluoromethyl)carbene — Triplet (Syn)

Standard orientation:

(Hartree/Particle)
Sum of electronic and zero-point Energies= -623.247566

(Angstroms)

.014645
.001920
.022487
.024510
.0089165
.009751
.050098
.001484
.095309
.055208
.012699
.031212
.000683
.012554
.021750

Center Atomic Atomic Coordinates

Number Number Type X Y
1 6 0 -3.143326 -0.524888
2 6 0 -1.999486 -1.327011
3 7 0 -0.752395 -0.842615
4 6 0 -0.587327 0.485561
5 6 0 -1.673031 1.366845
6 6 0 -2.973914 0.859971
7 6 0 0.823499 1.009649
8 6 0 1.935255 0.058956
9 9 0 1.911741 -0.686502
10 9 0 1.962844 -0.738244
11 9 0 3.077378 0.728263
12 1 0 -4.149499 -0.972614
13 1 0 -2.095161 -2.424719
14 1 0 -1.502126 2.454823
15 1 0 -3.844138 1.534670

Zero-point correction= 0.095754

(Hartree/Particle)
Sum of electronic and zero-point Energies= -623.247770
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3-pyridyl(trifluoromethyl)carbene — Singlet (Anti)

Standard orientation:

(Angstroms)

.099566
.323769
.132724
.296026
.553219
.349462
.025655
.025509
.302772
.366724
.147645
.273204
.678150
.443617
.536938

(Hartree/Particle)

es (Angstroms)

.097580
.321649
.132292
.292078
.546551
.348278
.018246
.025228
.145695
.308999
.380650
.268455
.673362
.440666
.538415

(Hartree/Particle)

Center Atomic Atomic Coordinates
Number Number Type X Y
1 6 0 -2.422559 1.212557
2 6 0 -3.104548 0.012998
3 7 0 -2.562164 -1.195523
4 6 0 -1.294663 -1.232661
5 6 0 -0.518013 -0.098057
6 6 0 -1.102344 1.154596
7 6 0 0.902593 -0.228671
8 6 0 1.897052 -0.014169
9 9 0 2.034472 1.272592
10 9 0 3.077216 -0.466112
11 9 0 1.582537 -0.642500
12 1 0 -2.915259 2.182135
13 1 0 -4.147737 0.029195
14 1 0 -0.862612 -2.235648
15 1 0 -0.532382 2.077613
Zero-point correction= 0.096206
Sum of electronic and zero-point Energies= -623.242177
3-pyridyl(trifluoromethyl)carbene — Singlet (Syn)
Standard orientation:
Center Atomic Atomic Coordinat
Number Number Type X Y
1 6 0 2.421884 1.215198
2 6 0 3.109471 0.018256
3 7 0 2.572125 -1.192084
4 6 0 1.302447 -1.234774
5 6 0 0.519988 -0.104233
6 6 0 1.101072 1.151077
7 6 0 -0.900617 -0.241560
8 6 0 -1.900505 -0.015077
9 9 0 -1.607385 -0.656448
10 9 0 -2.018162 1.272103
11 9 0 -3.085169 -0.443088
12 1 0 2.911696 2.186907
13 1 0 4.153870 0.039241
14 1 0 0.875592 -2.239541
15 1 0 0.527969 2.071552
Zero-point correction= 0.096206
Sum of electronic and zero-point Energies= -623.242178
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3-pyridyl(trifluoromethyl)carbene — Triplet (Anti)

Standard orientation:

(Angstroms)

.099566
.323769
.132724
.296026
.553219
.349462
.025655
.025509
.302772
.366724
.147645
.273204
.678150
.443617
.536938

(Hartree/Particle)

es (Angstroms)

.097580
.321649
.132292
.292078
.546551
.348278
.018246
.025228
.145695
.308999
.380650
.268455
.673362
.440666
.538415

(Hartree/Particle)

Center Atomic Atomic Coordinates
Number Number Type X Y
1 6 0 -2.422559 1.212557
2 6 0 -3.104548 0.012998
3 7 0 -2.562164 -1.195523
4 6 0 -1.294663 -1.232661
5 6 0 -0.518013 -0.098057
6 6 0 -1.102344 1.154596
7 6 0 0.902593 -0.228671
8 6 0 1.897052 -0.014169
9 9 0 2.034472 1.272592
10 9 0 3.077216 -0.466112
11 9 0 1.582537 -0.642500
12 1 0 -2.915259 2.182135
13 1 0 -4.147737 0.029195
14 1 0 -0.862612 -2.235648
15 1 0 -0.532382 2.077613
Zero-point correction= 0.095756
Sum of electronic and zero-point Energies= -623.249150
3-pyridyl(trifluoromethyl)carbene — Triplet (Syn)
Standard orientation:
Center Atomic Atomic Coordinat
Number Number Type X Y
1 6 0 2.421884 1.215198
2 6 0 3.109471 0.018256
3 7 0 2.572125 -1.192084
4 6 0 1.302447 -1.234774
5 6 0 0.519988 -0.104233
6 6 0 1.101072 1.151077
7 6 0 -0.900617 -0.241560
8 6 0 -1.900505 -0.015077
9 9 0 -1.607385 -0.656448
10 9 0 -2.018162 1.272103
11 9 0 -3.085169 -0.443088
12 1 0 2.911696 2.186907
13 1 0 4.153870 0.039241
14 1 0 0.875592 -2.239541
15 1 0 0.527969 2.071552
Zero-point correction= 0.095755
Sum of electronic and zero-point Energies= -623.249150
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Appendix C:

Theoretical IR and UV Spectra
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Theoretical IR Spectra

2-pyridyl(trifluoromethyl)carbene — Singlet (Anti)
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Theoretical IR Spectra
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Theoretical IR Spectra

3-pyridyl(trifluoromethyl)carbene — Singlet (Anti)
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Theoretical IR Spectra

3-pyridyl(trifluoromethyl)carbine — Singlet (Syn)
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Theoretical UV Spectra
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Theoretical UV Spectra
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2-pyridyl(trifluoromethyl)carbine — Singlet (Syn)

0.35

03

0.25

0.2 -

0.15

0.1 -

0.05

200

250

Theoretical UV Spectra

300

350

400

450

500

550 600

2-pyridyl(trifluoromethyl)carbene — Triplet (Syn)

0.035 -

0.03

0.025

0.02

0.015

0.01

0.005

0
200

250

300

350

400

450

500

550 600

C9



Theoretical UV Spectra
3-pyridyl(trifluoromethyl)carbene — Singlet (Anti)
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Theoretical UV Spectra
3-pyridyl(trifluoromethyl)carbine — Singlet (Syn)
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Appendix D:

Comparison of Calculated and Actual IR and UV Spectra for 2- and 3- Isomers
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