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ABSTRACT: Herein, we report the synthesis, characterization, Me Me Me Me
and reactivity of a,a’-diamino-p-tetrafluoroquinodimethane, a p- - \\ _0— O\ N<

. . D|p D'P
tetrafluorophenylene-bridged monosubstituted carbene-based
Thiele’s hydrocarbon A. The compound exhibits a reversible
two-step one-electron oxidation with a marginally stable radical
cation state B. The in situ formation of the radical cation could be D'p\ ey D'P\ -C D|p\ /C\ D|p
confirmed by electron paramagnetic resonance spectroscopy. Me Me iV e H Ve

Interestingly, a,a’-diamino-p-tetrafluoroquinodimethane fixates
atmospheric oxygen to form a 16-membered peroxide-bridged macrocyclic compound C.

B INTRODUCTION polymers.” In 2004, Abe et al. reported the enhancement of
the biradical character by changing the H substituents of the
central 77-conjugated bridge of II to F (Scheme 1).” As a result
of this change, compound III undergoes reversible dimeriza-

The chemistry of p-quinodimethanes I (Scheme 1)
important due to their striking properties and various

Scheme 1. Chemical Structures of I—V tion and this has been structurally characterized (Scheme 1).
In recent years, several different carbene end-group-based p-
Ph Ph Ph Ph Ph Ph Ph Ph Ph.  Ph Ph_ Ph
@ — —( qulnodlmethanes have been reported 1ndependently by Roesky
¥ N‘C /N/N\C//N et al Ghadwal et al and our group Sen et al. reported
. E . saturaged NHC end-group-based p-tetrafluoroquinodime-
- 7_» 2 thane.” Very recently, we have reported a,a’-diamino-p-
¢ <> ¢[ FﬁF Fﬁ[F quinodimethanes IV (Scheme 1) with three isolable oxidation
N C. - N C. - N,/C\N /N,QN states: neutrelll, radical cation, and dication.w. Compound IX
ey j \=( ) can be considered as a formally monosubstituted carbene
PH  Ph Ph Ph PH  Ph PN Ph  PH  Ph PH Ph end-group-based p-quinodimethane derivative.
u u We became interested in the synthesis of a,a’-diamino-p-
HogNRy HoNR; tetrafluoroquinodimethane V (Scheme 1). Our study shows

that the resulting a,a’-diamino-p-tetrafluoroquinodimethane
F FHF F forms only a marginally stable radical cation state. This is in

F F F F stark contrast to observations on compound IV and points to

C. C. the influence of the replacement of H by F of the central p-

ROR RN ’ phenylene bridge. Moreover, a,a’-diamino-p-tetrafluoroquino-
dimethane V can perform the fixation of atmospheric
molecular oxygen under ambient conditions, leading to the
formation of a 16-membered macrocyclic compound with two

peroxide linkages. p-Quinodimethane is known to form a
peroxide-bridged polymer upon reaction with molecular

I v V  In this study

applications.' This class of compounds can have two resonance
forms: closed-shell quinoid and open-shell benzenoid. Differ-
ent substitutions (ENG vs EDG vs EWG) at the a-positions of
I (Scheme 1) are known, and it has been documented that the
substituents play an important role in their properties.” At the
same time, the change of H substituents of the central
phenylene ring to F substltuents can also influence the
properties of these compounds.” In general, the effects of
introducing F substituents into compounds are well-known in
various classes of molecules such as in semiconducting
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oxygen.'” However, it is well-known that localized radicals
form discrete peroxide compounds upon reaction with
molecular oxygen."

B RESULTS AND DISCUSSION

For the synthesis of the targeted a,a’-diamino-p-tetrafluor-
oquinodimethane, we synthesized the corresponding two-
electron oxidized bis-iminium-cation 4 as a synthon'* as shown
in Scheme 2.'°

Scheme 2. Synthesis of 2, 3, and 4 (PCC = pyridinium
chlorochromate, Dip = 2,6-iPr,CcH;, OTf =
trifluoromethanesulfonate)

Me
_N.
D|p C @ Dip
2 Dlp NH2 2 Me F
F
Dlp\ /C D|p\ /C
Ho
Me
1 2 (48%) 3 (73%) 4 (59%)

Compound 4 was characterized by solution-state multi-
nuclear magnetic resonance spectroscopy along with single-
crystal X-ray diffraction analysis (Figure 1).

Figure 1. Solid-state molecular structures of 4 and S with thermal
ellipsoids at the 50% probability level. All H atoms except C1-H and
C1’-H have been omitted for the sake of clarity. Selected bond lengths
(A) and bond angles (°) for 4: N1-Cl1, 1.282(2); C1—C2, 1.463(2);
C2—-C3, 1.389(2); C3—C4, 1.371(2); N1-C1-C2, 124.94(13).
Selected bond lengths (A) and bond angles (°) for 5: N1-Cl,
1.368(2); C1-C2, 1.377(2); C2—C3, 1.444(2); C3—C4, 1.345(2);
N1-C1-C2, 131.21(12).

A cyclic voltammetry study of compound 4 shows that the
signals of the cathodic wave were merged into one broad signal
at room temperature, while two separate anodic waves were
observed (Figure $29)."* However, when the cyclic voltammo-
gram was recorded at —15 °C, two one-electron redox waves
with potentials of —0.26 and —0.38 V versus Fc/Fc* (Figure 2)
were observed."” The difference in potential AE, /, between the
two one-electron redox waves is only 0.12 V (in the case of
corresponding nonfluorinated compound 5-H AE, ,, is 0.48 V)
(Table 1), and therefore, an exceptionally low comproportio-
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Figure 2. Cyclic voltammogram of 4 in CH;CN/0.1 M Bu,NPF; at
—15 °C (left) and differential pulse voltammograms of 4 in CH;CN/
0.1 M Bu,NPF; at room temperature (right).

nation constant K. of 220 is found. The low value of K.

suggests a poor thermodynamic stability of the one-electron

reduced species, and a propensity of this molecule to be stable

in the even-electron forms. A differential pulse voltammogram

(DPV) study confirms the involvement of two reversible one-

ele%ron processes in the electrochemical reduction (Figure
2).

Subsequently, the reduction of 4 with elemental Mg at —78
°C leads to S as a yellow crystalline solid in a 70% vyield
(Scheme 3). F/"F{'H} NMR spectra suggest the formation
of two isomers: syn and anti in a 1.3:1 ratio. In the "F{'H}
NMR spectrum, the syn-isomer exhibits two singlets at —142.5
and —159.6 ppm, whereas the anti-isomer exhibits two
doublets at —146.8 and —156.2 ppm with a %5 of 1§
Hz. This is in contrast to that of nonfluorinated analogue 5-H,
where the syn isomer is the minor species with a syn:anti
isomer ratio of 30:70. This reflects the influence of F
substituents on the relative stability of syn and anti isomers.
DFT calculations at the M06-2X-D3/def2-SVP/SCRF=THF
(SMD)//BP86-D3/def2-SVP level of theory suggest that the
energy of the syn isomer is 1.7 kcal mol™" lower than that of the
anti isomer. The trend is the same at the BP86-D3/def2-SVP
and MO06-2X-D3/def2-TZVP/SCRE=THF (SMD)//BP86-
D3/def2-SVP levels of theory.

However, the single-crystal X-ray diffraction study of §
revealed the presence of only the anti isomer in the solid state
(Figure 1) as in the case of 5-H. The N1-C1-C2—C3
dihedral angle of § is 14.46(14)°, whereas for nonfluorinated
analogue S-H, it is 0.55(12)°. This can be attributed to the
presence of the F substituents in § that provide a steric
hindrance and render the H-C—N and central-C(F, planes
non-co-planar. The C1—N1 bond length in § is 1.368(2) A,
which is shorter than that of its corresponding nonfluorinated
analogue 5-H [1.376(2) A]."” The C1—C2 bond length of 5 is
1.377(2) A, which is longer than that of 5-H [1. 366(2) A] but
shorter than that of Thiele’s hydrocarbon [1.381(3) A] '¢ and
CAAC-based Thiele’s hydrocarbon [1.381(2) AL.** The bond
length alternation (BLA) of the central benzene ring of § is
0.099 A, which is almost similar to those of 5-H (0.107 A) and
Thiele’s hydrocarbon (0.103 A) (Table 1). Compound $ is
EPR silent in the solid state and in the solution state (toluene)
in the temperature range of 20—300 K. This suggests that
compound § possesses a quinoid singlet ground state with no
significant population of the triplet state at room temperature.

Additionally, DFT results depict that the energy of the
singlet state of S is lower than that of the triplet state by a
AEg 1 of —23.8 kcal mol ™. The calculated diradical character y
at the CASSCF(2,2)/6-311G(d,p) level of theory for § (y =
7.7%) is lower than that of p-quinodimethane (y = 9.2%),

https://doi.org/10.1021/acs.joc.1c01120
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Table 1. Comparison of Selected Parameters of 4, 4-H, S, 5-H, 6, and 6-H

El/z (Vl
Ey), (V, first second Amae (nm)
reduction) reduction)  [e (L mol™' em™)] C1-N1 Cl-C2 C2-C3 C3—C4 BLA «N1-C1-C2 «N1-C1-C2-C3
4 —0.26 —0.38 287(18077) 1282(2)  1463(2)  1.389(2) 1371(2) 0018  124.94(13) 53.92(13)
4-H -0.53 —-1.01 287(38936) 1.287(2)  1.453(2) 1.388(2) 1.371(2) 0.017 129.17(14) 18.63(17)
5 412(31592) 1368(2)  1.377(2)  1444(2)  1.345(2) 0099  131.21(12) 14.46(14)
SH 403(30673) 1376(2)  1366(2)  1450(2)  1343(2) 0107  131.70(12) 00.55(12)
6 468, 698 1.340 1.43S 1.387 0.048 129.69 28.22
6-H 460(54998), 1.328(3)  1402(3)  1427(3)  1360(3) 0067  130.80(19) 01.21(20)
678(16261)
“The metric parameters of 6 are based on the lowest-energy optimized geometry.
Scheme 3. Synthesis of 5 (Dip = 2,6-iPr,C¢Hj;)
Me Me Me L 2
© H_.N N. _H Ho N
“C*® Dip Dip”=C” ~C”-*"Dip 3 o5 | =
F F E F F s 9989 w 1:1 mixture of 4 and 5
Mg Q | |
* o
F F F F F F § 0.6
in.®_ Dip.:*_C. Dip_:-.C. |
Dlp\N/C\H ip ’\“ H ip N H 8 ‘:
Me Me Me = 044 | |
4 syn 5 (70%) anti- E
S
Z 0.2
Thiele’s hydrocarbon (y = 15.7%), and 5-H (y = 8.1%). For §,
the calculated HOMO—LUMO energy gap (AEy = 4.55 eV)
is determined to be considerably high in comparison to those 0.0 T T T T 1
300 400 500 600 700 800

of p-quinodimethane (3.76 eV) and Thiele’s hydrocarbon
(3.82 €V) but lower than that of 5-H (4.68 eV)."”

During the synthesis of 5, the appearance was initially deep
green before the solution became yellow. This could be an
indication of the intermediate formation of one-electron
reduced compound 6 with limited stability. Therefore, the
reaction of 4 with half an equivalent of Mg or § with equivalent
amounts of AgOTf does not lead to the isolation of 6.
However, its formation could be confirmed by UV-—vis
spectroscopy and UV—vis spectroelectrochemistry studies.

The comproportionation reaction of 4 and § also shows the
formation of a deep green colored solution (Scheme 4). The

Scheme 4. The 1:1 Reaction of 4 and §

o l\(le Me
H. _N. Ho _N_ .
“C”@ Dip C™**"Dip
F F F F
. —
F F F F
Dip.=-C. Dip<;:..C
PN Ho P H
Me Me
4 5

UV—vis spectrum of the reaction mixture suggests the
formation of the corresponding radical cation 6 in small
amounts (shows the absorbance at 468 and 698 nm) along
with mostly unreacted starting compounds 4 and 5 (Figure 3).

Subsequently, UV—vis spectroelectrochemistry studies of
compound 4 clearly indicate the formation of 6 (Figure 4).
UV—vis spectroelectrochemistry data and the observation of a
very small comproportionation constant K are in line with this
assumption. The limited stability of 6 is most likely due to the
nonachievable planarity between the H-C—N and central—
C4F, planes.'” This is reflected in the calculated N1—-C1—C2—
C3 dihedral angle of the lowest-energy optimized geometry of

Wavelength (nm)

Figure 3. Comparison of UV—vis spectra of compounds 4 and § and
a 1:1 mixture of 4 and § in THF at room temperature.

Absorbance /a.u
Absorbance / a.u

300 400 500 600 700 800 900 1000 300 400 500 600 700 800 900 1000
Alnm Alnm

Figure 4. Changes in the UV—vis—near-infrared spectra of 4 during
the first reduction (left) and second reduction (right).

radical cation 6 that is 28.22°. This is most likely due to
avoiding steric interactions between Dip and F substituents.
On the contrary, in the case of the corresponding non-
fluorinated radical cation 6-H that was structurally charac-
terized by solid-state single-crystal X-ray diffraction study, the
N1-C1-C2—C3 dihedral angle is 1.21(20)° (Table 1). As a
result, the spin delocalization of the radical cation over the 7-
conjugated scaffold is less favorable for 6 than for 6-H. The
spin delocalization is the key factor for the formation and
subsequent stability of the radical cation. This is directly
reflected in the stability of 6 versus 6-H as well as in the
separation of E, /, (first oxidation) and E, ;, (second oxidation).

However, the formation of 6 was observed by solution-state
EPR spectroscopy of a 1:1 mixture of 4 and § (Figure 5)."
The best-fit simulation parameters suggest a highly delocalized
unpaired electron spin density, with hyperfine couplings to the
fluorine, nitrogen, methine, and methyl protons. We have
calculated EPR parameters considering all four computational

https://doi.org/10.1021/acs.joc.1c01120
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Figure S. Experimental (black) and simulated (red) X-band EPR
spectra obtained from a 1:1 mixture of 4 and § in THF. Best-fit
simulation parameters: g, = 2.0033, a('’F) = 11.4 MHz (4F), a(**N)
= 11.8 MHz (2N), a('"H) = 15.7 MHz (2H), and a('H) = 8.3 MHz
(Me).

minima of radical cation 6 at the BP86/EPR-III level of theory.
The EPR parameters a('°F) in anti-6 (12.7 MHz in the gas
phase and 13.3 MHz in THF) show a close resemblance to the
simulated value (11.4 MHz in THF). However, the
calculations somewhat overestimate the EPR parameters of
a(**N), a(*H) of NCH, and a(*H) of CH, (Table S9).

Time-dependent density functional theory (TD-DFT)
calculations suggest that the experimentally observed band at
412 nm for 5§ consists of the HOMO — LUMO (95%) and
HOMO — LUMO+4 (5%) transitions. The HOMO is
primarily delocalized over the C=C bonds, whereas the
LUMO is located in antibonding orbitals over the central C6
ring. The calculations on 4 indicate that the band at 287 nm is
mainly (95%) due to the transition from HOMO-S to
LUMO. The observed bands from 6 at 468 and 698 nm can be
ascribed to the SOMOf-5 —» LUMOpS+1 (76%) and SOMOa«a
— LUMOa (90%) transitions, respectively.'®

Despite compound § having a closed-shell quinoid ground
state, it reacts with atmospheric molecular oxygen under the
formation of the entropically disfavored bis-peroxo bridged
dimer 7, a macrocyclic compound with a 16-membered
macrocyclic ring (Scheme 5). Under similar reaction

Scheme 5. Reaction of 5 with O,

Me Me

Me \ H \
/ “Dip

D| < -/ “H

P Dlp\ \ .Dip

Me H \

Me Me

5 7 (42%)

conditions, 5-H leads to unidentified compounds. The
formation energy of the structure 7 is calculated to be highly
exergonic (AG = —82.1 kcal mol™") at the M06-2X-D3/def2-
SVP/SCRF=Heptane (SMD)//BP86-D3/def2-SVP level of
theory.

The “F{'H} NMR spectrum exhibits two resonances at
—143.3 and —135.8 ppm, which suggest the formation of only
one isomer. Crystallographic analysis of 7 revealed O—O and
O—C bond lengths of 1.477(2) and 1.459(2) A, respectively,
which are close to typical O—O and O—C bond lengths in

reported peroxides (Figure 6)." The two C¢F, planes are
parallel to each other with a distance between them of only

Figure 6. Molecular structure of 7 with thermal ellipsoids at the 50%
probability level. All H atoms except C1-H, C21-H, C1’-H, and C21’-
H have been omitted for the sake of clarity. Selected bond lengths
(A): 01-02, 1.477(2); O1-Cl1, 1.459(2); N1-C1, 1.409(3); C1—
C2, 1.521(3).

3.19 A. The solid-state FT-IR spectrum exhibits a stretching
vibration frequency at 865 cm™' for the O—O peroxide
linkage."”

In conclusion, we have successfully synthesized and
structurally characterized a a,a’-diamino-p-tetrafluoroquinodi-
methane, which can be considered as a p-tetrafluorophenylene-
bridged monosubstituted carbene-based Thiele’s hydrocarbon.
It exhibits three oxidation states: a neutral species, a marginally
stable but observable and detectable radical cation, and a
dicationic state. a,a’-Diamino-p-tetrafluoroquinodimethane
can react with atmospheric molecular oxygen under the
formation of a 16-membered doubly peroxide-bridged macro-
cyclic compound.

B EXPERIMENTAL SECTION

General Considerations. All experiments were carried out under
an argon atmosphere using standard Schlenk techniques or in a PL-
HE-2GB Innovative Technology GloveBox and MBraun Unilab SP
GloveBox. Hexane, diethyl ether, THF, and toluene were dried by a
PS-MD-$ Innovative Technology solvent purification system. 2,3,5,6-
Tetrafluoro-1,4-benzenedimethanol (TCI Chemicals), 2,6-diisopro-
pylaniline (Sigma-Aldrich), magnesium (Sigma-Aldrich), and MeOTf
(Sigma-Aldrich) were commercially purchased and used as is. We
activated the magnesium before reactions by heating it at a high
temperature (using a hot gun at 550 °C) under vacuum for an ~5
min. Benzene-d, was dried and distilled over potassium under argon.
Chloroform-d; and CD;CN were dried and distilled over CaH, under
argon. NMR spectra were recorded on a BrukerNanoBay 300 MHz
NMR spectrometer. 'H and *C{'H} NMR spectra were referenced
to the peaks of residual protons of the deuterated solvent (‘H) or the

https://doi.org/10.1021/acs.joc.1c01120
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deuterated solvent itself (*C{'H}). “F{'H} NMR spectra were
referenced to external Tol-CF;. We have used DEPT90, DEPT135,
'"H-'H COSY, and 'H-"C{'H} HMQC to assign NMR peaks.
Elemental analyses were performed on a PerkinElmer Analyzer 240
instrument. High-resolution mass spectrometry data were obtained
from a Thermo Scientific Exactive Plus spectrometer in LIFDI mode
for compounds 4 and S. A Bruker Daltonics micrOTOF-Q instrument
was used for electrospray mass spectrometry for the HRMS of
compounds 3 and 7. Melting points were determined in closed NMR
tubes under a N, atmosphere and are uncorrected. UV—vis spectra
were recorded using a Jasco V-670 spectrometer using quartz cells
with a path length of 0.1 cm. EPR measurements at X-band (9.38
GHz) were carried out using a Bruker ELEXSYS ES80 CW EPR
spectrometer equipped with an Oxford Instruments helium cryostat
(ESR900) and a MercuryiTC temperature controller. The spectral
simulations were performed using MATLAB 9.8.0.1323502 (R2020a)
and the EasySpin 5.2.28 toolbox.”® The IR spectrum was recorded on
a Nicolet iSS FTIR spectrometer.

Synthesis of 2. A solution of 2,3,5,6-tetrafluoro-1,4-benzenedi-
methanol 1 (2.1 g, 10 mmol) and PCC (4.74 g, 22 mmol) in 150 mL
of dry DCM was refluxed for 2 h using a hot oil bath under a nitrogen
atmosphere. After 2 h, the reaction mixture was allowed to cool to
room temperature and extracted with DCM and distilled water. The
organic part was collected and evaporated to yield solid 2,3,4,5-
tetrafluoroterephthaldehyde 2.*' Without further purification, we
proceeded to the next step. Yield: 0.99 g (4.8 mmol, 48%). '"H NMR
(300 MHz, CDCl,, 298 K): § 10.35 (s, 2H, OCH). C{'H} NMR
(754 MHz, CDCl,, 298 K): § 1819 (m, 2C, OCH), 146.7 (4C,
doublet of multiplates, 'Jz_c = 261 Hz, C,F,-CF), 118.8 (2C, ipso-
CeF4-C). PF{'H} NMR (282.4 MHz, CDCl,, 298 K): § —143.7.

Synthesis of 3. To a solution of 2,3,4,5-tetrafluoroterephthalde-
hyde 2 (0.91 g, 4.4 mmol) and p-TSA (0.17 g, 0.88 mmol) in 40 mL
of methanol was added dropwise a solution of 2,6-diisopropylaniline
(1.72 g, 9.68 mmol, in 20 mL of methanol) at room temperature.
After completion of the addition, the reaction mixture was stirred for
4 h. After completion of the reaction, a light-yellow precipitate was
formed. The resulting precipitate was collected by filtration and
washed with 10 mL of methanol to give compound 3. Yield: 1.69 g
(3.22 mmol, 73%). Mp: 144—146 °C. '"H NMR (300 MHz, CDCl,,
298 K): 6 8.45 (s, 2H, NCH), 7.23—7.14 (m, 6H, m- and p-Dip-H),
3.05-2.92 (m, 4H, CH(CH,),), 122 (d, ] = 6.9 Hz, 24H,
CH(CH,;),). *C{'H} NMR (754 MHz, CDCl,, 298 K): § 151.9
(2C, NCH), 149.2 (2C, ipso-Dip-C), 145.9 (4C, doublet of multiplets,
Yesicy) = 261 Hz, CF,-CF), 137.1 (4C, Dip-CCH(CH,),), 125.3
(2C, p-Dip-CH), 123.4 (4C, m-Dip-CH), 117.2 (2C, ipso-C¢F,-C),
28.2 (4C, CCH(CH,),), 23.6 (8C, CH(CH;),). “F{'H} NMR
(282.4 MHz, CDCl,;, 298 K): § —143.1. Elemental Anal. Calcd for
Cy,HyF,N,: C, 73.72; H, 6.92; N, 5.34. Found: C, 73.04; H, 6.94; N,
5.45. HRMS (ESI): m/z [M + H]* caled for C5,Hy,F,N, 525.2893,
found 525.2888.

Synthesis of 4. A solution of MeOTf (1.05 g, 0.7 mL, 6.34 mmol,
in 15 mL of dry DCM) was added slowly to the solution of 3 (1.51 g,
2.88 mmol, in 40 mL of dry DCM) at —78 °C. After completion of
the addition, the reaction mixture was slowly warmed to room
temperature and was stirred overnight. The next day, all volatiles were
removed by vacuum evaporation and the residue was washed with 50
mL of dry Et,O to yield 4 as white powder. A saturated solution of 4
in dry DCM at —20 °C yielded suitable single crystals for the X-ray
diffraction study after 2 days. Yield: 1.45 g (1.7 mmol, 59%). Mp:
185—187 °C dec. '"H NMR (300 MHz, CD,CN, 298 K): § 9.57 (s,
2H, NCH), 7.68 (t, ] = 7.8 Hz, 2H, p-Dip-H), 7.53 (d, ] = 7.8 Hz, 4H,
m-Dip-H), 4.14 (s, 6H, NCH,), 2.95—2.81 (m, 4H, CH(CHS,),), 1.37
(d, J = 6.9 Hz, 12H, (CH,;)CH(CH,)), 1.31 (d, ] = 6.9 Hz, 12H,
(CH,)CH(CH,)). BC{'H} NMR (75.4 MHz, CD;CN, 298 K): &
170.2 (2C, NCH), 145.4 (4C, doublet of multiplets, 'J¥5c) = 265
Hz, CF,-CF), 142.6 (4C, Dip-CCH(CHj,),), 141.1 (2C, ipso-Dip-C),
133.4 (2C, p-Dip-CH), 126.7 (4C, m-Dip-CH), 114.7 (2C, ipso-C¢H,-
C), 51.2 (2C, NCH,), 29.4 (4C, CH(CHj;),), 24.6 (4C, CH(CHs;),),
24.0 (4C, CCH(CH,),). F{"H} NMR (282.4 MHz, CD;CN, 298
K): 6 =79.4 (s, 3F, CF,S0;7), —129.9 (4F, CsF,—CF). UV—vis
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(THF): A, (&) = 287 nm (18077 L mol™ cm™). ESI-MS: calcd
(m/z) for CyH,F,N, 554.3279, found 554.3275. Elemental Anal.
Caled for C3sHy4FgN,O4S,: C, 50.70; H, 4.96; N, 3.28. Found: C,
50.04; H, 4.63; N, 3.14.

Synthesis of 5. Approximately 30 mL of THF was added to a
Schlenk flask containing compound 4 (1 g, 1.17 mmol) and activated
Mg (0.042 g, 1.76 mmol) at —78 °C, and then the mixture was stirred
for 1 h. Then the reaction mixture was slowly warmed to room
temperature and stirred overnight. The color of the reaction solution
initially changed to deep green and then finally to light yellow. All
volatiles were removed under vacuum, and the resulting residue was
extracted using hexane. After the solvent was removed, product $ was
obtained as a yellow crystalline solid. A saturated hexane solution of §
was kept at —30 °C and gave suitable single crystals for the X-ray
diffraction study after 2 days. '°F and "’F{'"H} NMR spectra show the
formation of syn and anti isomers in a 1.3:1 ratio. Yield: 455 mg (0.82
mmol, 70%). Mp: 130—132 °C. 'H NMR (300 MHz, C,Dj, 298 K):
57.12 (t, ] = 7.2 Hz, 2H, p-Dip-H, merged with C4Ds residual protons
signals), 7.00 (d, J = 7.8 Hz, 4H, m-Dip-H), 6.40 (s, 2H, NCH),
3.18—3.09 (m, 4H, CH(CH,),), 3.01-2.95 (m, 6H, NCHj,), 1.10—
1.15 (m, 24H, (CH(CH,),). BC{'H} NMR (75.4 MHz, C/D,, 298
K): & 1469, 146.8, 144.5, 144.4, 142.7, 129.8—129.5 (2C, NCH),
124.7 (p-Dip-CH), 1244 (m-Dip-CH), 124.0 (m-Dip-CH), 45.0—
44.4 (2C, NCH,), 38.5 (2C, NCH,;), 28.5 (4C, CH(CH,),), 27.9
(4C, CH(CH,;),), 24.6—24.3 (8C, CH(CHj;),). "F{'H} NMR (282.4
MHz, CDy, 298 K): § —142.5 (s, 2F, C4F,—CF, syn isomer), —146.8
(s, 2F, C4F,—CF, anti isomer), —1562 (d, ¥*s*s) = 14 Hz, 2F,
C¢F,—CF, anti isomer), —159.6 (s, 2F, C¢F,—CF, syn isomer). "F
NMR (282.4 MHz, CiDy, 298 K): § —142.5 (s, 2F, C(F,—CF, syn
isomer), —146.8 (d, 3]("’];,‘9}:) = 14 Hz, 2F, C,F,—CF, anti isomer),
—156.2 (d, 'J#g*r) = 14 Hz, 2F, C4F,—CF, anti isomer), —159.6 (d, ]
= 1.7 Hz, 2F, C¢F,—CF, syn isomer). UV—vis (THF): 4., (¢) = 412
nm (31592 L mol™ cm™). ESI-MS: caled (m/z) for C3,H,,F,N,
554.3279, found 554.3272. Elemental Anal. Calcd for C3,H,,F,N,: C,
73.62; H, 7.63; N, 5.05. Found: C, 73.05; H, 7.32; N, 4.75.

Observation of 6. Method 1. Approximately 15 mL of THF was
added to a 1:1 mixture of 4 (150 mg, 0.2 mmol) and 5 (91 mg, 0.2
mmol) at room temperature, and the mixture stirred for 10 min. The
color of the reaction solution turned deep green. The formation of
compound § was studied by UV—vis spectroscopy of the reaction
mixture.

Method 2. Approximately 30 mL of THF was added to a Schlenk
flask containing compound 4 (0.85 g, 1 mmol) and activated Mg
(0.012 g, 0.5 mmol) at —78 °C, and then the mixture was stirred for 1
h. The color of the reaction solution turned deep green. The reaction
mixture was slowly warmed to room temperature and stirred for an
additional 30 min. The formation of compound 6 was studied by
UV—vis spectroscopy of the reaction mixture.

Method 3. AgOTf (25 mg, 0.1 mmol) was placed in a 25 mL
Schlenk flask. 5 (55 mg, 0.1 mmol) was added under a N,
atmosphere. Approximately 15 mL of THF was added to the mixture
at —78 °C and stirred for 1 h. The color of the reaction solution
turned deep green. The reaction mixture was slowly warmed to room
temperature and stirred for an additional 30 min. The formation of
compound 6 was studied by UV—vis spectroscopy of the reaction
mixture.

Synthesis of 7. Approximately 15 mL of hexane was added to a 25
mL Schlenk flask containing 5 (100 mg, 0.18 mmol). The stopper was
removed, and the flask shaken for 2 min in the presence of air. The
stopper was reinserted, and the flask kept for crystallization. After 2
days, colorless crystals of compound 7 had formed. Yield: 45 mg
(0.038 mmol, 42%). Mp: 146—148 °C dec. '"H NMR (300 MHz,
CDCly, 298 K): 6 7.18 (t, ] = 7.8 Hz, 4H, Dip-H), 7.10 (d, ] = 7.8 Hz,
4H, Dip-H), 6.95 (d, ] = 7.8 Hz, 4H, Dip-H), 6.01 (s, 4H, NCH),
3.34-3.19 (m, 4H, CH(CHS,),), 2.78 (s, 12H, NCH,), 1.26 (d, ] =
6.9 Hz, 12H, (CH;)CH(CH,)), 1.07 (d, ] = 6.9 Hz, 24H,
(CH,)CH(CHj;)), 0.828 (d, J = 6.9 Hz, 12H, (CH;)CH(CH,)).
BC{'H} NMR (75.4 MHz, CDCl,, 298 K): § 149.5, 148.93, 141.9,
127.8 (4C, Dip-CH), 124.2 (4C, Dip-CH), 123.8 (4C, Dip-CH),
117.4 (2C, ipso-CsF,-C), 92.2 (2C, NCH), 40.0 (2C, NCH;), 28.4
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(4C, CH(CHS,),), 28.0 (4C, CH(CHS,),), 25.8 (4C, CH(CH,),), 25.6
(4C, CH(CH,;),), 23.5 (4C, CH(CH,),), 23.1 (4C, CH(CH,),).
YE{'H} NMR (282.4 MHz, CDCl,, 298 K): § —143.3 (m, 4F, CsF,—
CF), —135.8 (m, 4F, C(F,—CF). HRMS (ESI): m/z [M + H]" calcd
for CgHgsFgN,O4 1173.6443, found 1173.6438. Elemental Anal.
Caled for CgHg FsN,O,: C, 69.60; H, 7.22; N, 4.77. Found: C,
69.51; H, 7.34; N, 4.67.
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