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(1,3-Dihalo-2-azulenyl)diphenylphosphin@s[halogen= CI (a), Br (b)] and homologous bis(1,3-
dihalo-2-azulenyl)phenylphosphinéfiave been synthesized, and the effect of the nonalternant azulenyl
group on the reactivity and properties of these phosphines has been studied in comparison with that of
the group 15 congeners. The electronic structure of the nonalternant conjugation is dramatically affected
by the change in the valency at the phosphorus. Thus, oxidati@aofd 4 with hydrogen peroxide
proceeded with a dramatic color change from green to blue, giving the corresponding phosphine oxides
3 and5, respectively, in high yield. Similar color changes were observed when a solution of each phosphine,
2b and4b, was left standing under ambient conditions, wizigg 4a, and (2-azulenyl)diphenylphosphine
(7) showed no such changes. (1-Bromo-2-azulenyl)diphenylphosphine ®isdeas isolated from the
solution of 2b. This unexpected reaction was found to occur via electrophilic substitution at the five-
membered ring through protonation. The bismuth and antimony congergsidwed no such reactivity,
suggesting that the higher nucleophilicity of the phosphorus atom was the deciding factor. Such
debromination oRb may be ascribed to the steric congestion around the bromine atom, which is inferred
from the X-ray crystallographic study. The unexpected reaction was successfully applied to a convenient
synthesis of 2-substituted azulene using triphenylphosphine as a reagent for debrominatié@. NM&
study shows the enhancaepolarization in the azulenyl group of the phosphine oxides compared to that
of the parent phosphines, but the degree is not as marked as that observed in the bismuth and antimony
systems. Comparison of the crystal structure3bfwith that of 9 with respect to the intermolecular
interaction between the azulenyl groups showed that the slight structural change in the nonalternant azuleny!
group brings about a dramatic change in the packing. TBodjas head-to-tailr—m stacking, but9
forms a mutual halogenhydrogen interaction of the bromine atom with a hydrogen atom of its positively
charged seven-membered ring.

Introduction Chart 1
Increasing attention has been focused on the construction of c XoF c
mr-electron systems containing a main group metal center because Mph2 e, Mph2F2
of their interesting physical properties brought about by a change
in its valency! Recently, we have reported the first introduction cl cl
of a nonalternant azulenyl group on a bismuth and an antimony M= Bi, Sb

center (Chart 13.Since nonalternant conjugation shows high

electron affinity, low ionization potential, and low aromatic a significant change in the properties that are markedly different
resonance energy compared to those of alternant conjugationfrom those of alternant moleculé3.hus, oxidative fluorination
slight structural modification of nonalternant molecules induces of the tricoordinate bismuth and antimony metal centers
markedly enhances the-polarization in the azulenyl group,
(1) (@) Yamaguchi, S.; Akiyama, S.; Tamao,XAm. Chem. So200Q which is detected in solution by a color change as well as by

122 6335 (b) Yamaguchi, S.; Aklyama, S.; Tamao,JKAm. Chem. Soc.  changes in the spectroscopic characteristics. Furthermore, head-
2001, 123 11372. (c) Yamaguchi, S.; Akiyama, S.; Tamao,JKAm. Chem. 9 b P : '

Soc.200Q 122, 6793. (d) Yamaguchi, S.. Akiyama, S.. Tamao, X. to-tail 7—s stacking arises in the crystal between the azulenyl
Organomet. Chen2002 646 277. (e) Yamaguchi, S.; Shirasaka, T.; Tamao,
K. Organometallic2002 21, 2555. (3) (a) Dewer, M. J. S.; De Llano, Q. Am. Chem. S0d.969 91, 789.

(2) Mustafizur Rahman, A. F. M.; Murafuji, T.; Kurotobi, K.; Sugihara,  (b) Sugihara, Y.; Hashimoto, R.; Fujita, H.; Abe, N.; Yamamoto, H.;
Y.; Azuma, N.Organometallics2004 23, 6176. Sugimura, T.; Murata, IJ. Chem. Soc., Perkin Trans.1D95 2813.

10.1021/0m0607090 CCC: $37.00 © 2007 American Chemical Society
Publication on Web 05/10/2007



2972 Organometallics, Vol. 26, No. 12, 2007

Mustafizur Rahman et al.

Scheme 1
X X X
Ph,PCI HyO, Q
Q i — Q PPh, Q PPh,
THF, =78 °C THF, 0 °C
X X X
1 2 3
a: X=Cl
b: X =Br X X
PhPC, H,0, Q
D Q PPh Q PPh
THF, =78 °C 2 THF, 0°C 2
X X
4 5
Ph,PCl H,0, Q
i — PPh, PPh,
Ether, =78 °C THF, 0 °C
6 7 8
Scheme 2
Br Br
ambient conditions (u) (n)
Q PPh, Q PPh, Q PPh,
THF, 48 h
Br Br Br
2b 9 (75%) 3b (12%)
X

H,0 or D,O, PTSA
THF, r.t, 16h

X
X

H:9
D:10

groups of the pentacoordinate difluoride through enhanced reaction with the more reactive dichlorophenylphosphine gave

sr-poralization. It is an important issue for us to know how the

the desiredlain 70% yield, but a reaction dfawith phosphorus

nonalternant ligand affects the structure and properties of trichloride gave only a tarry product mixture. Phosphi2és
organometallic compounds depending on the nature of the metaland4b were obtained fronib in similar manner (63 and 62%
center and its valency. Despite the unique electronic structureyields, respectively). The yields were lower compared to those
of nonalternant conjugation, studies of the properties of orga- of 2a and 4a due to their lower stability. Unsubstituted
nometallics bearing a nonalternant azulenyl group have beenphosphine7 was synthesized for comparison with The

very limited2# We report here the first characterization of

required 2-azulenyllithiuné was prepared from 2-iodoazulefe.

azulenylphosphorus compounds, the group 15 bismuth andWhen2, 4, and7 were oxidized with hydrogen peroxide in THF,

antimony analogues.

Results and Discussion

Synthesis and Reactivities of Azulenylphosphinesl,3-
Dihalo-2-azulenyllithiumsla and1b were generated by depro-
tonation of 1,3-dihaloazulenes using lithium 2,2,6,6-tetrameth-
ylpiperidide (LTMP) (Scheme B.Initially, when la was
allowed to react with chlorodiphenylphosphine, the yiel@af
was very low (22%#9.1t was greatly improved to 82% by adding
dropwise a dilute solution of the chlorophosphinel@ The

(4) (a) Matsubara, K.; Ryu, K.; Maki, T.; lura, T.; Nagashima, H.
Organometallic2002 21, 3023. (b) Arce, A. J.; De Sanctis, Y.; Galarza,
E.; Garland, M. T.; Gobetto, R.; Machado, R.; Manzur, J.; Russo, A.;
Spodine, E.; Stchedroff, M. @rganometallic2001, 20, 359. (c) Edelmann,

F.; Behrens, UChem. Ber1978 111, 3001.

(5) Kurotobi, K.; Tabata, H.; Miyauchi, M.; Mustafizur Rahman, A. F.
M.; Migita, K.; Murafuji, T.; Sugihara, Y.; Shimoyama, H.; Fujimori, K.
Synthesi2003 30.

a dramatic color change from green to blue took place, and the
corresponding phosphine oxid&sb, and8, respectively, were
formed almost quantitatively. The change in color indicates that
the change in the valency of the phosphorus center brings about
a pronounced change in the conjugation of the nonalternant
azulenyl group. A similar color change was observed wlien

or 4b was dissolved in THF and each solution was left standing
in air for 48 h (Scheme 2). In contrast, phosphi@es4a, and

7 were air-stable. Addition of hexane to a solution2if in

THF precipitated blue solids as the main product, tHeN\MR
spectrum of which was quite different from that 8. This
compound was shown by X-ray structure analysis to be the
debrominated oxid®. From the filtrate,3b was obtained in
12% vyield as a minor product. Oxid&% and 9 were stable
and did not undergo any further reaction on standing in solution.

(6) Ito, S.; Kubo, T.; Morita, N.; Matsui, Y.; Watanabe, T.; Ohta, A;;
Fujimori, K.; Murafuji, T.; Sugihara, Y.; Tajiri, ATetrahedron Lett2004
45, 2891.
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Table 1. 13C and 3P NMR Spectral Data (ppm) of Azulenyphosphines and Their Oxides in CDGI

C1 Cc2 C3 C4 C5 C6 C1 (674 C3 Cc4 P
2a 138.2 120.6 1335 135.3 123.9 140.9 134.5 133.7 128.4 128.8 —19.3
2b a 110.5 136.6 137.0 124.6 140.7 134.3 133.7 128.4 128.8 —11.9
3a 131.5 118.8 133.7 138.0 124.6 143.2 132.4 131.9 128.5 132.1 22.8
3b 134.8 107.7 136.7 139.6 125.2 142.8 1324 132.2 128.4 132.0 24.8
4a 137.0 120.0 133.3 134.9 123.9 140.5 1311 135.2 128.2 1295 —34.4
5a 131.8 118.5 133.7 138.0 124.5 143.0 131.5 132.4 128.5 132.5 13.6
5b 1355 107.6 136.7 1395 1251 142.6 131.2 133.3 128.6 132.6 17.6
7 148.7 122.2 140.5 136.0 1235 137.3 137.4 134.0 128.5 128.9 —14.2
8 140.4 122.0 140.2 139.9 124.1 140.3 133.5 131.8 128.3 131.7 24.7
9 138.0 106.5 137.1 139.5 125.5 142.4 131.7 132.5 129.0 132.5 24.2
124.4* 139.2* 141.2* 125.2*

a0wing to many impurities produced during the measurement, assignment of this signal failed.

Chart 2
5 4 4 X2 2 3
6 Q1P 1< >4
* - 2*
5 4 X(H)

The behavior of solutions dfb in air was complex and many
products were formed.

It has been reported that triphenylphosphine attacks the
bromine atom of 1,2-dibromo-1-nitro-2-phenylethane to generate
an intermediate ion pair, which is hydrolyzed in protic solvent
to give 1-bromo-2-nitro-1-phenylethane and triphenylphosphine
oxide? Since azulene undergoes electrophilic substitution
preferentially at the 1- or 3-position of its negatively polarized
five-membered ring through the generation of a tropylium cation
intermediate, the formation & through debromination a2b
is considered to occur via protonation at this position and
subsequent intramolecular nucleophilic attack of the phosphorus
atom at the adjacent allylic bromine atom in the cationic
intermediate. Actually, addition of water (5 equiv) and a catalytic
amount ofp-toluenesulfonic acid (PTSA) hydrate (10 mol %)
to a THF solution oRb dramatically accelerated the formation
of 9 (complete in 16 h; 80% vyield) (Scheme 2). Furthermore,
the use of RO in place of water gave a mixture 8fand its
deuterated congend® in 79% yield ©/10 = 40:60). In both
of these reactions, little oxid&b was formed. The fact that the
yield of 9 was much higher than that 8b seems to show that
the intramolecular debromination precedes the intermolecular
one. This debromination is undoubtedly characteristic of azu-
lenylphosphineb and reflects the higher nucleophilicity of the

comparison with the study oBb, 1,3-dibromoazulene was
treated with triphenylphosphine (2 equiv) in the presence of
water and the acid catalyst (Scheme 3). More forcing conditions
were required for induction of the debromination. Thus, when
the mixture was refluxed in THF for 48 h, azulene and
triphenylphosphine oxide were formed in 70 and 65% vyields,
respectively, together with recovered 1,3-dibromoazulene (22%).
The facile debromination a2b may be ascribed to the steric
congestion around the bromine atom adjacent to the phosphinyl
group and the proton at the 4-position of the seven-membered
ring, which enhances the reactivity of the ipso carbon at the
1-position toward the electrophilic substitution.

Next, the synthetic utility of the debromination was examined.
Thus, we were successful in a convenient synthesis of azulene-
2-carboxylic acid in high yield by debromination (Scheme 3).
The reaction was complete without addition of an acid catalyst,
suggesting that the carboxyl group plays the role as the catalyst.
Since the synthesis of 2-substituted azulenes requires many steps
by the conventional methdtthis debromination is a very useful
method for their easy access when combined with the lithiation
of 1,3-dibromoazulene.

Spectroscopic Study The13C NMR spectral data of azule-
nylphosphines, 4, and7) and their oxides3, 5, and8) are
shown in Table 1 and Chart 2. The signals due to the five-
membered ring carbons (C1 and C2) of the oxides appeared
more upfield, while those due to the seven-membered ring
carbons (C4, C5, and C6) were observed more downfield,
relative to the parent phosphines. In particular, the tendency of
the downfield shift was marked in C4 and C6 rather than in
C5. A similar change in the chemical shifts was observed in

phosphorus atom, since such a reaction is not observed in thethe phenyl group (the Chnd C2 signals more upfield and the

bismuth and antimony congeners. The formatio® cbuld be
alternatively explained by acid-catalyzed addition of water to
the five-membered ring o2b followed by rearrangement of
geminal diphenylphosphinocarbinol thus formed 90 For

C3 and C4 signals more downfield), but the extent was not as
pronounced as seen in the azulenyl group. These findings are
in accord with the observation in the homologous pentacoor-
dinate (diaryl)azulenylbismuth difluorides and the antimony
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Table 2. P—C Coupling Constants (Hz) of
Azulenyphosphines and Their Oxides in CDCJ

C1 c2 C3 C4 C5 C6 Cl1L Cz C3 cC4

2a 213 14.2 0 19 0 O 82 201 74 O

2b a 17.0 27 15 0 O 73 200 69 O

3a 1073 5.3 99 0 0 O 109.2 105 128 238

3b 1065 6.9 104 O 0 O 109.0 104 127 29

4a 161 149 24 28 0 O 42 228 89 0

5a 1122 55 104 O 0 o0 1152 73 136 O

5p 1149 69 106 O 0 o0 1142 106 135 O

7 115 154 55 24 0 15 94 200 74 O g

8 1056 11.3 0 0 0 O 1047 101 122 25 . =

9 1090 76 106 O 0 o0 108.8 103 12.7 29 il bl
1.1  0* 0* O*

Figure 2. ORTEP drawing o showing the atomic numbering

aOwing to many impurities produced during the measurement, assign- scheme. The thermal ellipsoids are drawn at the 50% probability
ment of this signal failed. level.

Table 3. Selected Bond Lengths (A) and Angles (deg) for 3b

and 9
3b 9
P—C(1) 1.806(7) P(HC(2) 1.787(3)
P—C(11) 1.802(7) P(BC(11) 1.812(4)
P-C(17) 1.821(8) P(BC(17) 1.796(4)
P-0 1.480(5) P(1}O(1) 1.482(3)
C(2)-Br(1) 1.886(7) C(13Br(1) 1.880(4)
C(10)-Br(2) 1.890(7)
c1)-c(2) 1.407(9) C(C@) 1.413(5)
c(2-C(3) 1.412(10) C(BHC(9) 1.394(5)
C(3)-C(4) 1.39(1)  C(9¥C(8) 1.393(5)
C(3-C(9) 147(1)  C(9yC(10) 1.479(5)
C(4)-C(5) 139(1)  C(®¥C() 1.376(5)
C(5)-C(6) 1.39(1)  C(7-C(6) 1.396(8)
c(6)-C(7) 1.38(1) C(6}C(5) 1.376(6)
c(7)-C(8) 138(1) C(5-C(4) 1.388(5)
C(8)-C(9) 1.40(1)  C(4-C(10) 1.374(5)
C(9)-C(10) 1.389(10) C(16)C(3) 1.39(5)
C(1)-C(10) 1.41(9)  C(3YC(Q) 1.395(5)
C(1)-P-C(11) 104.6(3) C(2}P(1)-C(11) 105.3(2)
C(1)-P—C(17) 110.8(3) C(ZP(1)-C(17) 102.7(2)
C(11)}-P-C(17) 104.33) C(1BHP(1)-C(17) 107.4(2)
Figure 1. ORTEP drawing oBb showing the atomic numbering ~ 9~P~C(1) 111.2(3) - O(1yP(1)-C(2) 114.8(2)
scheme. The thermal ellipsoids are drawn at the 50% probability 8::3:88% ﬂ‘l“l"gg 883:38;:@8% ﬁggg;
level. Br(1)-C(2)-C(1) 127.0(5)  Br(1}C(1)-C(2) 124.6(3)

Br(2-C(10)-C(1)  125.3(5)

C(2-C(1)-P—-C(17) —27.9(8) C(11yP(1)-C(2)-C(1) —71.4(4)
congenerd.Thus, the change in the valency of the metal center O—P—C(1)-C(2) 96.1(7)  O(1yP(1)-C(2)-C(1) 53.5(4)
enhances the-polarization in the nonalternant azulenyl group
rather than in the alternant phenyl group. The upfield shift of the azulenylphosphorus compounds provided useful information
the ipso carbons attached to the tetracoordinate phosphorus atorabout the electronic effect of the azulenyl group on the
of the phosphine oxides is attributed to tirénductive effect phosphorus atom. Thdpc value of C1 in2a (21.3) is much
induced by the electronic fields of its positively polarized larger than that ir7 (11.5), indicating the inductive polarization
phosphorus atom. The-polarization in the azulenyl group  of the phosphoruscarbon bond (Table 2). The upfield shift of
seems to be more pronounced in the previous bismuth andthe phosphorus signal da (6, —19.30) relative to7 (Jp
antimony systems compared to the phosphorus system since the-14.18) does not correspond to the electron donation of the

sum of the differences in the chemical shifts betw@arand 1,3-dichloro-2-azulenyl group toward the phosphorus atom
3a with respect to the C1 and C2 carbosQl + 2AC2 = (Table 1), since the azulenyl group is shown to act as an
—10.23 ppm) is smaller than those of the bismutii .62 ppm) electron-withdrawing group. The upfield shift #a is, hence,

and antimony £12.58 ppm). attributed to the anisotropic effect of the chlorine atoms adjacent

It is known that the¥’P NMR signal due to the phosphorus to the phosphorus atom. A clear additivity of chemical shifts
atom of p-substituted triarylphosphines is shifted upfield with was observed between triphenylphosphiég {4.86),2a and
increasing electron-donating nature of the aryl group and that 4a (6p —34.40) with respect to the replacement of the phenyl
the coupling constaritdoc increases with increasing electron-  group by the azulenyl group. This shows the close proximity
withdrawing nature of the substituelftThe 3P NMR study of of the phosphorus atom to the halogen atoms. A similar
additivity was seen betweeBa, 5a, and triphenylphosphine

(7) Devlin, C. J.; Walker, Brian, J. Chem. Soc., Perkin Trans1972 oxide @p 29.65).
1249. Comparison of azulenylphosphir&a with its oxide 3a by
19&? Nozoe, T.; Seto, S.; Matsumura, Bull. Chem. Soc. JprL962 35, UV/vis absorption spectrum showed that the absorba)cef (
(9) Tamao, K.; Hayashi, T.; Ito, YOrganometallics1992 11, 182, the longer wavelength absorption barih{x = ca. 664 nm)

(10) Chou, W.-N.; Pomerantz, M. Org. Chem1991, 56, 2762. due to the charge transfer absorption of the azulene nucleus is



Characterization of Azulenylphosphine Dexiives Organometallics, Vol. 26, No. 12, 2002975

sis of 2-substituted azulene based on the nucleophilicity of
triphenylphosphine.

Experimental Section

General Comments All reactions were carried out under argon
unless otherwise noted. THF was distilled from sodium benzophe-
none ketyl under argon before udkl. and*C NMR spectra were
recorded in CDGl on a Bruker Avance 400S spectrometer with
) ) ) o TMS as an internal standarlP NMR spectra were measured in
Figure 3. Head-to-tailz—z interaction in3b. CDCl; on a Bruker Avance 400S spectrometer with 85%°8,
as an internal standard. IR spectra were obtained as KBr pellets on
a Nicolet Impact 410 spectrophotometer. UV/vis spectra were
measured in CHGIlby means of a Shimadzu UV-1600PC spec-
trophotometer.

Generation of Azulenyllithium 1 and the Reaction with
Chlorodiphenylphosphine or Dichlorophenylphosphine. General
Procedure. A typical example is exemplified by the reaction of
lawith chlorodiphenylphosphine. To a solution of lithium 2,2,6,6-
tetramethylpiperidide (ca. 1.2 mmol) prepared from 2,2,6,6-
tetramethylpiperidine (1.2 mmol) amdBuLi (1.2 mmol) in THF
(5 mL) at —70 °C was added a solution of 1,3-dichloroazulene
(2.0 mmol) in THF (3 mL) at the same temperature. The color of
the solution immediately turned from blue to dark green, showing
the generation ofla. To this solution thus obtained was added a
solution of chlorodiphenylphosphine (1.0 mmol) in THF (20 mL),
and the resulting solution was stirred for 5 min. The reaction was
quenched at-70 °C with brine (10 mL), and the mixture was
extracted with ether (7 mix 3). The combined extracts were dried
over anhydrous sodium sulfate and evaporated to leave a residue,
which was chromatographed on a silica gel column with hexane

. . . AcOEt (4:1) to give crud@a. Recrystallization from THFhexane
larger in 3a (550) than that in2a (460). This tendency was (4:1) gave the pure product.

commonly observed through the comparison of the phosphine " (1 3 pjchloro-2-azulenyl)diphenylphosphine (2a)green solid:;

oxides with the parent phosphines, as seen in the bismuth andjje|d 8296; mp 156-152°C; 1H NMR ¢ 7.16 (2H, t,J 10.0, AzH),

antimony counterpar&This ensures the enhanceepolariza- 7.32-7.38 (6H, m, PhH), 7.427.47 (4H, m, PhH), 7.62 (1H,

tion of the azulene nucleus in the higher oxidation state of the 9.9, AzH), 8.31 (2H, d,J 9.4, AzH); UV/ViS Ana/NMm () 240

phosphorus center. (20 690), 303 (32 150), 350 (sh, 5730), 357 (5980), 373 (3160),
X-ray Crystallographic Study of Azulenylphosphine Ox- 665 (460)31P NMR ¢ —19.30 (triplet-like,d 7.8). Anal. Calcd for

ides 3b and 9.The molecular structures 8b and9 are shown ~ C22HisClP: C, 69.31; H, 3.97. Found: C, 69.63; H, 4.17.

in Figures 1 and 2, respectively. An outstanding feature is the  Bis(1,3-dichloro-2-azulenyl)phenylphosphine (4a)green solid;

bond angles around the phosphorus cent@bqfTable 3). The yield 70%; mp 237-239°C; *H NMR 6 7.16 (4H, t,0 9.8, AzH),

C(1)-P—C(17) bond angle [110.8(3)is much larger than those ~ /-34 (2H, m, PhH), 7.40 (1H'_m' PhH), 7:58.63 (4H, m, AzH,
of C(1)-P—C(11) and C(11yP—C(17), indicating the steric gg;')’?g-ggo(‘“*g’s‘?’ 22-1’6 6\2%5’\’1’2'2@%#%?5(6)121%2 (_‘,‘\llMosg)'
congestion around the Br(1) atom. In contr@ipes not show ( ), ( ), ( ), (1168);

this tendency around the phosphorus atom due to replacemen_%'40 (trlplet-l_lke,J 7.9). Anal. Calcd for GeHisCLiP: C, 62.43;
of the bromine atom by the proton at the C3 atom. The bond "~ 3.02. Found: C, 62.80; H, 3.19.
angle of Br(1)-C(1)~C(2) in 9 [124.6(3)] is smaller than that (1,3-Dibromo-2-azulenyl)diphenylphosphine (2b)The reaction

) was quenched at70 °C with brine (10 mL), and the mixture was
of Br(1)-C(2)-C(1) in3b[127.0(5]]. Although the molecular  gyiracted immediately with ether (7 mk 3). The combined

structure oRb is not clarified, such steric congestion as observed gyiracts were dried over anhydrous sodium sulfate and evaporated

in 3b may arise in2b as well and facilitate its debromination. (5 eave a residue, which was chromatographed immediately on a
It should be stressed that the intermolecular interaction silica gel column with hexaneAcOEt (4:1) to give crude2b

between the azulenyl groups &b is quite different from that containing a small amount . Recrystallization from THF

in 9. Oxide 3b forms head-to-taifr—z stacking (Figure 3). On  hexane (4:1) failed due to the gradual changelofto 9. Green

the other hand) forms a mutual halogerhydrogen interaction  solid; yield 63%; mp 126-122°C; *H NMR 6 7.25 (2H, t,J 10.0,

of the bromine atom with the hydrogen atom attached to the AzH), 7.33-7.38 (6H, m, PhH), 7.427.47 (4H, m, PhH), 7.64

7-position of its positively charged seven-membered ring (Figure (1H, t,J 9.8, AzH), 8.33 (2H, dJ 9.5, AzH);3'P NMR ¢ —11.86

4). Such a dramatic difference betwemand9 seems to show (triplet-like, J 9.0): Due to t'he poor stability of this compound, the

the electronic structure of the nonalternant conjugation that is elémental analysis was given up. _

easily affected by the slight structural change. Bond alternation . BiS(1,3-dibromo-2-azulenyl)phenylphosphine (4b)The reac-

: : tion was quenched at70 °C with brine (10 mL), and the mixture
appears in the seven-membered ringdafompared to that of s . . A
3Epalthough the tendency is not marked P was extracted immediately with ether (7 mL3). The combined

) i ) extracts were dried over anhydrous sodium sulfate and evaporated
~ Inconclusion, this study not only showed that the difference 5 |eave a residue, which was chromatographed immediately on a
in the electronic structure between the group 15 metal centersgjjica gel column with hexaneAcOEt (4:1) to give crudetb.
clearly appears in the properties of the respective congeners byrecrystallization from THFhexane (4:1) failed due to the gradual
utilizing the unique nature of the nonalternant azulenyl li- formation of many products. Green solid; yield 62%; mp 490
gand, but also develops a new convenient route for the synthe-192°C; 1H NMR ¢ 7.25 (4H, t,J 9.8, AzH), 7.34 (2H, m, PhH),

Figure 4. Intermolecular CH---Br interaction i@.
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7.42 (1H, m, PhH), 7.5¢7.66 (4H, m, AzH, PhH), 8.31 (4H, d,
10.0, AzH); 3P NMR 6 —20.65 (triplet-like,J 9.0). Due to the
poor stability of this compound, the elemental analysis was given
up.

Generation of Azulenyllithium 6 and the Reaction with
Chlorodiphenylphosphine. To a solution of 2-iodoazulef€1.0
mmol) in ether (10 mL) was addedBuLi (1.2 mmol) at—78 °C,
and the mixture was stirred for 30 min. A solution of chlorodiphe-
nylphosphine (1.0 mmol) in ether (20 mL) was added dropwise.
The reaction mixture was allowed to react at that temperature for

30 min and then allowed to warm to room temperature to react for z

2 h. The reaction was then quenched with water, and the resulting
mixture was dried with Ng&8O,. The solvent was evaporated and
the residue was purified by column chromatography on silica gel
with hexane-AcOEt (1:1) to afford?.

(2-Azulenyl)diphenylphosphine (7):blue solid; yield 56%; mp
133-135°C; *H NMR 6 7.15 (2H, 1, 9.8, AzH), 7.22 (2H, dJpn
2.4, AzH), 7.35-7.38 (6H, m, PhH), 7.447.48 (4H, m, PhH), 7.54
(1H, t,J 10.0, AzH), 8.19 (2H, dJ 9.6, AzH);3'P NMR 6 —14.18
(s). Anal. Calcd for GH,7P: C, 84.60; H, 5.49. Found: C, 84.83;
H, 5.20.

Oxidation of Azulenylphosphines with H,O,. General Pro-
cedure. A typical example is exemplified by the reaction 2d.
To a solution oRa (1.0 mmol) in THF (10 mL) was added aqueous
30% H0O, (1.2 mmol) at O°C, and the mixture was stirred for 3 h,
during which time the temperature was raised to ambient. The
reaction was quenched with,8, and the mixture was extracted
with chloroform (7 mLx 3). Evaporation of the resulting extracts
gave a residue, which was crystallized from THiexane (4:1) to
give 3a

(1,3-Dichloro-2-azulenyl)diphenylphosphine oxide (3a)blue
solid; yield 96%; mp 208210°C; *H NMR ¢ 7.18 (2H, t,J 10.0,
AzH), 7.44-7.48 (4H, m, PhH), 7.537.57 (2H, m, PhH), 7.69
(1H, t,3 9.9, AzH), 7.75 (4H, m, PhH), 8.39 (2H, d,9.7, AzH);
UVNis Amafnm (€) 241 (22 300), 303 (41 160), 312 (37 040), 358
(6620), 374 (3550), 665 (5503P NMR 6 22.75 (quintet-like ]
12.2); IR/cmt v 1580, 1439, 1276, 1186, 1116, 1014. Anal. Calcd
for C,,H1sClL,PO: C, 66.52; H, 3.81. Found: C, 66.76; H, 3.81.

Bis(1,3-dichloro-2-azulenyl)phenylphosphine oxide (5aplue
solid; yield 95%; mp 295298°C; 'H NMR 6 7.17 (4H, t,J 9.9,
AzH), 7.46-7.51 (2H, m, PhH), 7.58 (1H, §,6.9, PhH), 7.68 (2H,

t, J 9.8, AzH), 7.94 (2H, ddJpy 13.7,Jun 7.3, PhH), 8.39 (4H, d,
J 9.7, AzH); UV/IVis Amadnm (€) 242 (41 220), 308 (78 770), 318
(92 180), 361 (18 770), 374 (6770), 664 (1288 NMR 6 13.60
(triplet-like, J 13.9); IR/cnT1 v 1579, 1398, 1273, 1199, 1019. Anal.
Calcd for GgH15CI4,PO: C, 60.50; H, 2.93. Found: C, 60.39; H,
3.03.

(1,3-Dibromo-2-azulenyl)diphenylphosphine oxide (3b)blue
solid; yield 93%; mp 214216°C;*H NMR ¢ 7.25 (2H, t,J 10.0,
AzH), 7.42-7.47 (4H, m, PhH), 7.527.55 (2H, m, PhH), 7.68
(1H, t,3 9.9, AzH), 7.72-7.77 (4H, m, PhH), 8.40 (2H, d, 9.8,
AzH); UVNis Amadnm (€) 241 (23 290), 305 (36 430), 315 (36290),
359 (6240), 375 (3760), 665 (5503 NMR o 24.82 (quintet-
like, J12.1); IR/cnT1v 1580, 1439, 1276, 1186, 1116, 1013. Anal.
Calcd for GoH1sBroPO: C, 54.35; H, 3.11. Found: C, 54.36; H,
3.09.

Bis(1,3-Dibromo-2-azulenyl)phenylphosphine oxide (5bplue
solid; yield 92%; mp 236233°C; *H NMR ¢ 7.29 (4H, 1,J 10.1,
AzH), 7.47-7.51 (2H, m, PhH), 7.59 (1H, §,6.9, PhH), 7.73 (2H,

t, J9.8, AzH), 7.96 (2H, ddJpy 13.3,Jun 7.6, PhH), 8.46 (4H, d,

J 9.8, AzH); UV/is Ama/nm (€) 244 (43 820), 277 (sh, 77 100),
321 (92 860), 363 (sh, 18 490), 376 (sh, 7030), 662 (128@);

NMR 6 17.02 (triplet-like,J 13.1); IR/cnT! v 1574, 1458, 1393,
1260, 1199, 1109, 985. Anal. Calcd fopdH1sBr,PO: C, 45.00;

H, 2.18. Found: C, 45.23; H, 2.13.

(2-Azulenyl)diphenylphosphine oxide (8):blue solid; yield
58%; mp 148-150°C; IH NMR 6 7.21 (2H, 1, 9.9, AzH), 7.43-
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Table 4. Selected Crystallographic Data for 3b and 9

3b 9
empirical formula GoH15Br,OP GoH16BrOP
fw 486.14 407.25
cryst syst monoclinic monoclinic
a(A) 6.707(6) 9.984(5)

b (A) 31.633(7) 9.519(5)

c(A) 9.144(3) 18.881(10)

£ (deg) 101.34(4) 95.740(2)

V (A3 1902(1) 1785.5(16)

space group P2/n (#14) P2i/n (#14)
4 4

Dcalc (g cni3) 1.697 1.515

Fooo 960.00 824.00

u(Mo Ka) (cm™?) 43.67 24.05

temp (K) 298 173

20max (deg) 55.0 57.4

no. of rfins measd

total; unique 4822; 4720 15 194; 4546

no. of observns 4369 ¢ 2.00(1)) 4072 ( > 2.00(1))

no. of variables 236 227

Rindices R=0.114 R=0.09F
Ry =0.19¢ Ri1 = 0.046
R; = 0.060 wR, = 0.110'

goodness of fit indicator 0.95 0.955

max. shift/error in final cycle  0.000 0.000

max. and min. peaks in 1.14;-1.61 0.79-0.49

final diff map (e /A3)

2R = 3(F& ~ FA/SFA "Ry = [TWFS — FAISWFRAAY w =
Vo?(Fe). Ry = 3IIFol — [Fell/[ZIFal. ¢ WRe = Ru.

7.47 (4H, m, PhH), 7.527.55 (2H, m, PhH), 7.57 (2H, dpy 5.0,
AzH), 7.68 (1H, 1,J 10.1, AzH), 7.7+7.77 (4H, m, PhH), 8.37
(2H, d,J 9.6, AzH); UVNVisAmadnm (€) 241 (20 030), 287 (62 790),
297 (68 330), 330 (5960), 345 (7800), 640 (566P, NMR 6 24.68
(s); IR/cnT1v 1578, 1436, 1189, 1118. Anal. Calcd fos8,7PO:
C, 80.48; H, 5.22. Found: C, 80.25; H, 5.53.

(1-Bromo-2-azulenyl)diphenylphosphine oxide (9)blue solid;
yield 75%; mp 224-226°C; *H NMR ¢ 7.23 (1H, t,J 9.7, AzH),
7.29 (1H, t,J 9.9, AzH), 7.35 (1H, dJpy 5.9, AzH), 7.46-7.50
(4H, m, PhH), 7.557.59 (2H, m, PhH), 7.767.76 (5H, m, AzH,
PhH), 8.25 (1H, dJ 9.3, AzH), 8.44 (1H, dJ 9.9, AzH); UV/vis
AmadnM (€) 240 (25 620), 295 (56 800), 305 (60 240), 338 (sh,
5930), 352 (8410), 664 (550%P NMR ¢ 24.24 (singlet-like); IR/
cm v 1575, 1434, 1300, 1195, 1120, 963. Anal. Calcd foiHzs
BrPO: C, 64.88; H, 3.96. Found: C, 65.17; H, 3.89.

Debromination of 1,3-Dibromoazulene-2-carboxylic Acid A
mixture containing 1,3-dibromoazulene-2-carboxylic acid (1 mmol),
triphenylphosphine (2 mmol), and water (5 mmol) was heated in
toluene at 9C°C for 48 h. After addition of water, the resulting
mixture was extracted with ether (10 mk 3) and the combined
extracts were concentrated to leave a residue, which was purified
by column chromatography on silica gel with hexa#eOEt (1:

1) to afford azulene-2-carboxylic acid in 84% vyield together with
triphenylphosphine oxide (75%).

Azulene-2-carboxylic acid:green solid; mp 200203 °C, dec
(lit.8 200-203 °C, dec).

X-ray Crystallography. All measuements were made on a
Rigaku AFC5R or AFC8 diffractometer with graphite-monochro-
mated Mo Ku radiation ¢ = 0.71069 A) and a rotating anode
generator (Table 4). The data were collected by usinguh@6
scan technique. The data were corrected for Lorentz and polarization
effects. The structures were solved by direct methodsd
expanded using Fourier techniqdé3he non-hydrogen atoms were

(11) Sheldrick, G. MSHELX97 Program for the Solution of Crystal
Structures; University of Goettingen: Germany, 1997.

(12) Beurskens, P. T.; Admiraal, G.; Beurskens, G.; Bosman, W. P.; De
Gelder, R.; Israel, R.; Smits, J. M. MDIRDIF94 or 99 The DIRDIF
Program System; Technical Report of the Crystallography Laboratory;
University of Nijmegen: The Netherlands, 1994 and 1999.
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refined anisotropically. Neutral atom scattering factors were taken Structure Corporation or using the Crystal Structtitcrystal-
from Cromer and Wabé# Anomalous dispersion effects were lographic software package.

included inF¢y5'* the values foAf andAf”" were those of Creagh )
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