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Summary: 2-Thienyldithienophosphinine (3) has been prepared
in three steps starting by the ring expansion of dithienophos-
phole (4) upon reaction with 2-thiophenecarboxylic acid
chloride, triethylamine, and water. DFT calculations indicate
that the replacement of the phenyl in 2-phenyldithienophosphi-
nine (2) by the 2-thienyl substituent in 3 significantly reduces
the HOMO—LUMO gap. Accordingly, 3 reacts cleanly and
quantitatively with 2,3-dimethylbutadiene to give the [2+4]
cycloadduct 11, whose structure has been confirmed by X-ray
crystal structure analysis, whereas 2 reacts slowly and gives
the adduct in only 52% yield, and the analogous 2-phenylphos-
phaphenanthrene (1) gives only an untractable mixture.

Introduction

The work of Réau on thienyl-substituted phospholes' and
Baumgartner on dithienophospholes® has convincingly shown
the value of phosphorus-modified oligothiophenes as building
blocks for optoelectronic materials.> On this basis, we have
started an investigation of the synthesis and chemistry of the
previously unknown dithienophosphinines.* During our pre-
liminary investigation, we have noticed two clues that suggest
that the thieno annellation sharply modifies the properties of
dithienophosphinines by comparison with their benzo analogues,
i.e., the phosphaphenanthrenes.” Whereas the final aromatization
step leading to 1 takes place at 275 °C from the P-benzyl 1,2-
dihydro derivative, the significantly easier aromatization leading
to 2 takes place at 250 °C from the P-phenyl 1,2-dihydro
derivative. In addition, the *'P resonance of 2 (6 *'P 149 ppm)
is strongly shifted to higher fields when compared to the
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resonance of 1 (0 *'P 186 ppm), which lies in the normal zone
for phosphinines.

These observations led us to prepare 2-thienyldithienophos-
phinine (3) and to compare the chemistry of 1, 2, and 3. This
comparison demonstrates that the thiophene unit, both as
substituent and annellating ring, significantly modifies the
chemistry of phosphinines.

Results and Discussion

2-Thienyldithienophosphinine (3) was prepared as shown in
eq 1. The phosphinine was isolated as yellow crystals (both 1
and 2 are colorless). The *'P chemical shift of 3 (6 *'P 150.6
ppm in CDCl3) is very close to that of 2. During the final
aromatization step, notable quantities of the trans diastereomer
of the 1,2-dhydrophosphinine 7 were recovered together with
small quantities of the cis isomer 8. The o-proton is coupled to
3P in 8 (85.10, 2Jup = 9.4 Hz) and noncoupled in 7 (0 4.83
2Jup = 0 Hz). These results are in line with the known
dependency of the “Jyp coupling constants on the H—C—P—lone
pair dihedral angle in cyclic phosphines.® Their stereochemistry
was definitively established by X-ray crystal structure analysis.
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The structure of 8 is shown as an example (Figure 1). The
H—C—P—Ph dihedral angle is 174.55°, and the Th—C—P—Ph
angle is 72.43°. When 7 was heated at 250 °C over nickel
powder, it was slowly transformed into phosphinine 3. On this
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Figure 1. Stereochemistry of 1,2-dihydrodithiophosphinine (8) as
determined by X-ray crystal structure analysis.

basis, we propose the intermediacy of the A°-phosphinine 9 in
the aromatization reaction (eq 2).
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The [1,2] suprafacial shift of the a-H from C to P can take
place only in the cis isomer 8, and 7 must first undergo a
pyramidal inversion at P before being converted into the
phosphinine 3.

Since 3 is yellow whereas 1 and 2 are colorless, we recorded
the UV —vis spectrum of 3. The four bands of the spectrum of
2 at 236.1, 268.1, 286.0, and 347.9 nm are shifted in most cases
toward longer wavelengths at 234.0, 271.0, 306.1, and 360.0
nm, confirming the significant influence of the substituent on
the electronic structure of the phosphinine. In the same vein,
DFT computations’ at the B3LYP/6-3114+G(d,p) level indicated
that the HOMO—LUMO gap is reduced by 0.16 eV when
replacing Ph in 2 by Th in 3. This reduction mainly results from
the lowering of the LUMO. A closer inspection of the computed
structural data and Mulliken charges indicates that a significant
charge transfer takes place from the thienyl substituent to the
P=C double bond (Scheme 1).

In our previous paper, we noticed that the HOMO and LUMO
of 2 are highly localized at the P=C double bond and are shaped
like the st and 7r* orbitals of a phosphaalkene. This observation
suggested that 2 could react as a dienophile, contrary to
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nonannellated A*-phosphinines. Thus, we decided to study the
reactivity of 1—3 toward 2,3-dimethylbutadiene. Phosphaphenan-
threne 1 reacts to give a complex mixture of products including
the expected cycloadduct in low yield. On the contrary,
dithienophosphinine (2) reacts cleanly but slowly with the diene
at 140 °C, and 2-thienyldithienophosphine (3) gives a fast and
quantitative reaction under the same conditions (eq 3).
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The structure of 11 is depicted in Figure 2. It shows some
disorder due to the presence of two orientations of the 2-thienyl
substituent. The two annellating thieno rings are almost coplanar
(interplane angle ca. 16°). The phosphorus atom is highly
pyramidal: Y C—P—C angles = 295.7°.

Apart from demonstrating the significant influence of thieno
annellation and thienyl substitution on the chemistry of phos-
phinines, the synthesis of the highly annellated phosphines 10
and 11 could be of interest in homogeneous catalysis. Very
bulky and highly annellated phosphines indeed seem to be very
efficient as ligands in palladium-catalyzed reactions.®

Experimental Section

Nuclear magnetic resonance spectra were obtained on a Bruker
Avance 300 and Varian Inova spectrometer operating at 300.13
MHz for 'H, 75.45 MHz for '*C, and 121.496 MHz for 3'P.
Chemical shifts are expressed in parts per million downfield from
external TMS ('H and '*C) and external 85% H;PO, (*'P). Mass
spectra were obtained on VG 7070 and Hewlett-Packard 5989A
GC/MS spectrometers. Elemental analyses were performed by
Desert Analytics Laboratory, Tucson, AZ.

2-Hydroxy-1-phenyl-2-thienyl-1,2-dihydrodithienophosphin-
ine Oxide (5). To a solution of dithienophosphole (4)* (2.3 g, 8.4
mmol) in E;O (50 mL) was added 4.5 mL of NEts, then dropwise
5 mL of ThCOCI in Et,0O (20 mL). The mixture was stirred for 1 h
at room temperature and cooled at 0 °C, and 35 mL of degassed,
distilled H,O was added. After stirring for 3 h at RT, the white
precipitate was washed with H,O (3 x 30 mL) and Et,O (3 x 30
mL) and dried under vacuum (3.2 g, 95% yield). 3P NMR (THF):
0 20.6 ppm. MS: m/z 401 (MH', 100%). Anal. Calcd for
Ci9H30,PS3: C, 56.98; H, 3.27. Found: C, 57.06; H, 3.69.

1-Phenyl-2-thienyl-1,2-dihydrodithienophosphinine Sulfide
(6). A solution of 5 (3.2 g, 8 mmol) with Lawesson reagent (3 g,
7.5 mmol) in toluene (150 mL) was heated under reflux overnight
at 120 °C. The cooled solution was hydrolyzed with a saturated
solution of Na;COs (75 mL), and the toluene phase was washed
with H,O (3 x 80 mL), dried on Na,SO,, and evaporated under
vacuum. The residue was then chromatographed on silica gel with
hexane/CH,Cl, (2:3) as eluent. Compound 6 was isolated as a
mixture of isomers, as light salmon crystals (2 g, 62% yield).

3P NMR (CDCl3): 6 32.2. '"H NMR (CDCl3): 6 5.06 (d, *Jup
= 14.1 Hz, CHTh). '>C NMR (CDCls): 6 46.62 (d, 'Jep = 50.1
Hz, CHTh). MS: m/z 401 (MH™, 100%). Anal. Calcd for C oH;3PS4:
C, 56.97; H, 3.27. Found: C, 57.00; H, 3.27.

2-Thienyldithienophosphinine (3) and Dihydro Derivatives
7 and 8. A solution of 6 (1.2 g, 3 mmol) and Ni (1.5 g) in toluene
(5 mL) was heated in a pressure tube at 250 °C for 4 days. The
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solution was diluted with CH,Cl,, filtered, and evaporated. The
residue was chromatographed on silica gel with hexane/CH,Cl, (9:
1) as eluent.

(a) Phosphinine 3 (first eluted product) was isolated as yellow
crystals (0.26 g, 30% yield). *'P NMR (CDCl,): 6 150.6. '>*C NMR
(CDCls): 6 137.53 (d, *Jc_p = 10.3 Hz, C, phosphinine), 138.87
(d, 2Jc—p = 10.4 Hz, P—C=0), 141.35 (d, 2Jc—p = 13.8 Hz, P=C-
CS thieno), 144.06 (d, *Jc—p = 32.2 Hz, P=C-CS thienyl), 155.08
(d, "Je—p = 59.9 Hz, P—C, thienyl), 156.56 (d, 'Jo—p = 48.3 Hz,
P—C, thieno). The assignments have been made on the basis of a
simulation by DFT (B3LYP/6-3114+G(d,p)). MS: m/z 291 (MH™,
100%). Anal. Calcd for C3H;PS;: C, 53.77; H, 2.43. Found: C,
53.52; H, 2.31.

(b) Phosphine 8 (second eluted product) was isolated as light
yellow crystals (0.08 g, 6% yield). *'P NMR (CDCly): 6 —41.7.
'"H NMR (CDCl3): 65.10 (s, >Jyp = 9.4 Hz, H cis to lone pair,
CHTh). >*C NMR (CDCls): 6 39.80 (d, 'Jep = 18.4 Hz, CHTh).
Anal. Calcd for CoH3PSs: C, 61.93; H, 3.56. Found: C, 62.34; H,
3.89.

(c) Phosphine 7 (third eluted product) was isolated as light orange
crystals (0.40 g, 30% yield). *'P NMR (CDCl3): 6 —30.6. "H NMR
(CDCls): 6 4.83 (s, 2Jup = 0 Hz, H trans to lone pair, CHTh). 13C
NMR (CDCls): 6 39.04 (d, 'Jep = 16.9 Hz, CHTh). MS: m/z 385
(MH* + 0, oxidized species, 100%). Anal. Calcd for CjoH;3PSs:
C, 61.93; H, 3.56. Found: C, 62.03; H, 3.80. X-ray monocrystals
were obtained from CH,Cly/hexane.

[4+2] Cycloadducts 10 and 11. A solution of 2 (0.015 g, 0.05
mmol) and 2,3-dimethylbutadiene in excess (0.5 mL) in toluene (2
mL) was heated in a pressure tube at 140 °C and monitored by >'P
NMR; the cycloaddition was complete after 50 h heating at 140

Figure 2. X-ray crystal structure of [4+2] cycloadduct 11. Main
bond lengths (A) and angles (deg): P1—C1 1.8079(14), P1—C9
1.8790(14), P1—C13 1.8504(14), C1—C4 1.3833(18), C4—C5
1.4602(19), C5—C8 1.3816(19), C8—C9 1.5126(19), C9—C10
1.5405(19), C10—C11 1.5154(19), C11—C12 1.338(2), C12—C13
1.512(2); C1—P1—C998.06(6), C1—P1—C13 100.50(6), C9—P1—C13
97.13(6), C3—C4—C5—C6 15.99.
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°C. The solution was then evaporated and chromatographed on silica
gel with hexane/CH,Cl, (4:1) as eluent. The cycloadduct 10 was
isolated as white crystals (10 mg, 52% yield).

3P NMR (CDCl3): 6 —58.8. '>C NMR (CDCl3): 6 20.45 (s,
Me), 22.10 (s, Me), 30.73 (d, >Jcp = 13.8 Hz, CHy,), 47.18 (d, "Jep
= 12.27 Hz, CH,). MS: m/z 367 (MH™", 100%), 383 (MH* + O,
oxidized species, 90%).

A solution of 3 (0.03 g, 0.1 mmol) and 2,3-dimethylbutadiene
in excess (1 mL) in toluene (3 mL) was heated in a pressure tube
at 140 °C for 5 h, then evaporated and chromatographed on silica
gel with hexane/CH,Cl, (4:1) as eluent. The cycloadduct 11 was
isolated as white crystals (40 mg, quantitative yield).

*'P NMR (CDCl3): 6 —55.5. *C NMR (CDCl;): 6 20.47 (s,
Me), 21.95 (d, *Jcp = 6.14 Hz, Me), 31.48 (d, *Jcp = 13.80 Hz,
CH,), 47.64 (d, 'Jep = 12.27 Hz, CHa). MS: m/z 373 (MH™, 100%);
389 (MH™ + O, oxidized species, 35%). Anal. Calcd for C9H,7PS;:
C, 61.26; H, 4.60. Found: C, 61.61; H, 4.99. X-ray monocrystals
were obtained from CH,Cl,/Et,O/hexane.

X-ray Structure Determination of 8 and 11. Measurements
were carried out using a low-temperature device at 7= 100(2) K,
on a Bruker X8-APEX® KAPPA-CCD X-ray diffractometer system
(Mo radiation, 1 = 0.71073 A). The automated strategy determi-
nation program COSMO'® was used to define diffraction experi-
ments on the basis of phi and omega scans. Frames were integrated
using the Bruker SAINT version 7.06A software'' and using a
narrow-frame integration algorithm.

8: a total of 13 999 reflections collected at a maximum 26 angle
of 58.66° (4320 independent reflections, Ry, = 0.0171, Ry, =
0.0182, completeness = 92.8%) and 3890 (90.05%) reflections were
found greater than 20(/). Compound crystallized in the monoclinic
cell, space group P2(1)/n, a = 8.5061(7) A, b = 13.0337(11) A, ¢
= 15.2990(13) A, a. = 90.0°, 8 = 90.0370(10)°, y = 90.0°, V =
1696.1(2) A3, Z = 4, calculated density D, = 1.443 Mg/rn3.

11: a total of 15 730 reflections collected at a maximum 26 angle
of 67.40° (6921 independent reflections, Riy = 0.0296, Ry, 0.0442,
completeness = 99.0%) and 5345 (77.23%) reflections were found
greater than 20(/). Compound crystallized in the monoclinic cell,
space group P2(1)/e, a = 8.0053(3) A, b = 8.6885(4) A, ¢ =
14.3922(9) A, o = 103.068(4)°, B = 92.171(3)°, vy = 114.772(2)°,
V =875.37(8) A3, Z = 4, calculated density D, = 1.413 Mg/m3‘

Absorption corrections were applied for all data using the
SADABS program included in the SAINTPLUS software pack-
age."" Direct methods using the Sir92 program'? were used for
resolution. Direct methods of phase determination followed by a
subsequent difference Fourier map led to an electron density map
from which most of the non-hydrogen atoms were identified in the
asymmetry unit. With subsequent isotropic refinement and some
Fourier difference synthesis, all non-hydrogen atoms were identified,
and atomic coordinates and isotropic and anisotropic displacement
parameters of all the non-hydrogen atoms were refined by means
of a full matrix least-squares procedure on F2, using SHELXTL
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software.'? Hydrogen atoms were included in the refinement in
calculated positions with isotropic thermal parameters fixed at 20%
and 50% higher than Csp? and Csp® atoms, respectively, to which
they were connected. Torsion angles were refined for methyl groups.
The H(1) atom was isotropically refined for compound 8. For both
compounds a statistical disorder generated by a free rotation was
found for the thiophene ring. These were refined using restraints
put on distances and bond angles in order to get a chemically correct
model. The refinement converged at R1 = 0.0331, wR2 = 0.0829,
with intensity I > 20(I), largest peak/hole in the final difference
map 0.666 and —0.548 ¢ A for 7 and R1 = 0.0427, wR2 =
0.1042, with intensity I > 20(l), largest peak/hole in the final
difference map 0.698 and —0.302 e.A™> for 11. Drawings of
molecules were achieved using ORTEP32.'* Further details on the

Notes

crystal structure investigation are available on request from the
Director of the Cambridge Crystallographic Data Centre, 12 Union
Road, GB-Cambridge CB21EZ UK, on quoting the full journal
citation.
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