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SYNTHESIS AND SOME REACTIONS OF A 2,2’-BIPHOSPHOLYL
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Summary

1,1"-Diphenyl-3,3",4,4’-tetramethyl-2,2’,5,5’-tetrahydro-2,2’-biphosphole obtained
by reductive dimerization of the appropriate phosphole has been converted into the
corresponding 2,2’-biphosphole by P-bromination followed by dehydrobromination
of the resulting P, P’-tetrabromo compound with a-picoline. This 2,2’-biphosphole
gives two isomeric P-sulfides upon reaction with sulfur, and a Mo(CO) 4 chelate
upon reaction with Mo(CO),. Cleavage of the two P-phenyl bonds by lithium in
THF yields the corresponding biphospholyl anion, which is converted into a
mixture of two isomeric bis(n’,m°-2,2’-diphosphafulvalene)diirons by treatment with
FeCl,. The reaction of Mn,(CO),, in boiling xylene affords a mixture of three
complexes, including a (n5,n5-2,2’-diphosphafulvalene)hexacarbonyldimanganese
produced by thermal cleavage of the two P—Ph bonds. Under CO pressure there is a
[1.5] P — C shift of the two phenyl groups, leading to formation of (7°,n%-3,3’-di-
phenyl-2,2’-diphosphafulvalene)hexacarbonyldimanganese.

Introduction

In view of the extensive organic [1] and coordination [2] chemistry of phospholes,
a convenient route to 2,2’-biphospholes would be of value. For example, such
species would provide the coordination chemist with a wide range of new chelating
diphosphines and would be the logical starting point for the preparation of
interesting diphosphafulvalene m-complexes such as 1. Up to now, however, only
one such synthesis has been reported [3]; this is based on the thermal decomposition
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of 1-phenyl-3.4-dimethylphosphole, which yields inter alia the red tetraphosphine 2.
In spite of its simplicity. this approach has one main drawback namely that 2 is
fully substituted, and thus the development of a chemistry based on substitution in
the phosphole rings is ruled out. In collaboration with Nelson [4]. we have
demonstrated that it is possible to perform the reductive dimerization of phospholes
in the presence of nickel salts and alcohols, to give 2.2°-biphospholenes. 3. We show
here that these products can be readily converted into the corresponding 2.27-bj-
phospholes 4. and describe our preliminary studies on the reactions of these species.

Results and discussion

The biphospholene to biphosphole conversion was studied on the readily pre-
parable [4], 1.1’-diphenyl derivative 5. P-Bromination of § is casily achieved by use
of pyridinium tribromide as the brominating agent. The tetrabromo compound thus
obtained i1s then dehvdrobrominated with a-picoline as the base (eq. 1t
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The overall yield of the 2.2-biphosphole 6 is ca. 50%. The route is similar to that
previously used by Quin [5]. to convert monocyclic tervalent phospholenes into the
corresponding phospholes. The dehvdrobromination step involves an optimized
procedure for the synthesis of phospholes devised in our group {6]. The biphosphole
6 is a solid (m.p. 108°C) which is fairly resistant toward oxidation. and can be
purified by chromatography on silica gel. Since the pvramidal inversion barrier of
phospholes i1s low (ca. 16 kcal /mol [7]). 6 can be regarded as a mixture of isomers
interconverting rapidly on the NMR time scale at room temperature and giving only
one sharp *'P resonance (8(*'P) (6) + 12.5 ppm in CDCl.: 8 positive for downfield
shifts from external 85% H,PO,). The pyramidal inversion at phosphorus is. of
course, suppressed when the lone pairs react with sulfur and mixture of isomeric
P-sulfides 1s obtained (eq. 2.
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The major isomer (8(*'P)+47.1 ppm in CDCl,) probably has the less hindered
structure 7b; the minor isomer (8(*'P) +47.7 ppm in CDCI ) constitutes approxi-
matively one third of the total amount of 7. In contrast. the reaction of 6 with
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molybdenum hexacarbonyl gives only one isomer of the chelate 8 (§(*'P) +51.7
ppm in CH,Cl,), for obvious geometrical reasons (eq. 3).
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Cleavage of the two exocyclic phosphorus—phenyl bonds is readily achieved by use
of lithium in THF (eq. 4).
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This reaction is strictly similar to that in the well-known synthesis of monocyclic
phospholyl anions from phospholes [8]. The dianion 9 shows practically the same
downfield shift of the P resonance as the 3,4-dimethylphospholyl anion (8§(*!P)
+56.7 in THF vs. +589 ppm for the monocyclic species [9]. The dianion is a
valuable precursor for preparation of a series of 2,2’-biphospholes by P-alkylation
or a series of bimetallic n° complexes. For example, the reaction with anhydrous
FeCl, yields a mixture of two isomeric bis(diphosphafulvalene)diirons (eq. 5).

Me Me
: D
P
o + 2pnLi 1) 2/3 AlCl, Me \ Me |
P + 10b 5
2) 2FeCl, Me & Me Fe =
CE
P
Me Me
(10a)

Anhydrous AICl; is used to destroy the phenylilithium formed along with 9, since it
has been shown [10] that such an organolithium compound can react with phos-
phaferrocenes and would thus reduce the yield in their synthesis. By this procedure
an inseparable ca. 1/1 mixture of 10a and 10b is obtained in ca. 20% yield. The
identities of 10a and 10b were established by elemental analysis, mass spectrometry
[EI, 70 eV: m/e 552 (M, 100%), 276 (M/2, 13%)], and 'H and P NMR
spectroscopy (8(*'P) —64.7 and —46.3 ppm in CD,Cl,). The observed upfield shift



274

of the "'P resonances is characteristic of phosphaferrocenes (for 3.3 .4.4'-tetra-
methyl-1.1I"-diphosphaferrocene: §(*'P) -72 ppm in CDCI, [11}). It is practically
impossible to distinguish between the various possible someric structures of 10. but
it is highly likely that the feast hindered “head to tail” isomer 10a is cne of the two
products.

The reaction of 6 with dimanganese decacarbonvl in boiling xvience in a stream of
argon at room pressure gives mainly one isomer of the his-n"-phospholvl complex.
which is suggested to be the less hindered isomer 1la. together with two other
complexes 12 and 13 (eq. 6).
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Complex 12 is probably an intermediate in the formation of T1a. since heating of 12
in refluxing xylene for 7 h gives 11a together with the other possible isomer 11b in
50% vield. The two isomers 1la and 11b can be separated by column chromatogra-
phy but it is difficult to determine their stercochemistries unambiguousty from the
spectral data. The overall formulae of 1la and 11b were established by elemental
analysis. mass spectrometry, and P NMR spectroscopy:

11a: first isomer (higher R, ) S(1P) —26.2 ppm in CDCH: mass (B 70 eV /e
498 (M. 15%). 414 (M — 3CO. 30%), 330 (M — 6CO. 160%): IR (decaliny: r(CO)
2020, 2010, 1950. 1942 ¢m

11b: second isomer (lower R;): 8(*'P) —17.6 ppm in CDCl,: mass (EL 70 eV):
m /e 498 (11%), 414 (37%). 330 (100%); 1R (decalin): #(COY 2022 2015, 1948, 1942
cm L

Both the reaction and the physical data for the products are similar to those
observed with the monocyclic 1-phenyl-3.4-dimethylphosphole [12]. Another major
component of the crude product mixture is the biphosphole complex 12, obtained n
34% yield. The identity of 12 wus established by elemental analysis. mass spectrome-
try ((CL. NH;,): m/e 709 (M + 1, 39%), 437 (100%)). and 'H and P NMR
spectroscopy (8(*'P) +69.5 ppm in CDCI,). The structure of the M, skeleton i
similar to that in the corresponding Ph,PCH.PPh. complex with diequatorial
substitution [13]. This simiarity was demonstrated by the similarity of the IR
spectra of 12 and (Ph,PCH,PPh Mn (COy (13} 12 (decaling »(COY 2050s,
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2005m, 1990s, 1972vs, 1915m; (Ph,PCH,PPh,)Mn,(CO), (n-hexane): »(CO) 2060s,
2000m, 1997s, 1952m, 1925s.

A small amount of complex 13 is also obtained (in ca. 8% yield). Its identity was
mainly established by mass spectrometry (EI, 70 eV): m/e 831 (M-H, 1.6%), 747
(831-3C0, 2.8%), 719 (831-4CO, 2.4%), 636 (M-7CO, 12%), 608 (M-8CQO, 32%),
552 (M-10CO, 26%), 496 (M-12CO, 30%), 440 (M-14CO, 24%), 330 (M — 14CO
— 2Mn, 100%).

The reaction between 6 and Mn,(CO),, takes a different course when performed
in a closed vessel under autogenous CO pressure at 150°C (eq. 7).

Mn(CO)4
Me Me
toluene P
6 + Mn_(CO) _— P
270 180eC , 6h n @ Ph ¢7)
(CO pressure) P
Me Me
Mn(CO)3
(14)

In this case the major product is the new w-complex 14, obtained in ca. 40% yield.
The nature of 14 was established by elemental analysis, mass spectrometry ((EI, 70
eV): m/e 650 (M, 14%), 566 (M — 3CO, 47%), 482 (M — 6CO, 100%)), IR ((de-
calin): »(CO) 2015s, 1950vs cm™ '), and 'H, *C, and *'P NMR spectroscopy
(8(°'P) —14.1 ppm in CDCl,) and we assign to it the less hindered of the isomeric
structures. A minor by-product (8(3!P) —5 ppm) is probably the other isomer,
related to 14 as 11b is to 11a. The formation of 14 means that under CO pressure
the complexation reaction is sufficiently slow so as to be preceded by a [1,5]-sigma-
tropic shift of the two phenyl groups from phosphorus to carbon within the
phosphole rings (eq. 8).
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This type of shift is well known for monocyclic phospholes [14]. It accounts for the
formation of 2-phenyl-substituted phosphaferrocenes in the reaction of 1-phenyl-
phospholes with [CpFe(CO),], [15.16]. However, phenyl-substituted products have
never been observed before in the reaction of 1-phenylphospholes with Mn,(CO),,
and so we decided to repeat the reaction of 1-phenyl-3.4-dimethylphosphole with
Mn,(CO),,, but instead of working under a stream of argon as before [12], we
performed the reaction in a closed vessel under autogenous CO pressure. This gave,
in addition to the “normal” 3,4-dimethylphospholyl #-complex 15, the 2-phenyl-
3.,4-dimethylphospholyl 7-complex 16, obtained in 13% yield (eq. 9).

Mn(CO) Mn(CO)3
Me Me Me Me Me Me
/ \ toluene
+ Mny(COWog ————— > Ph (9)
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| (CO pressure)
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Complexes 15 and 16 were separated by chromatography on silica gel. The identity
of 16 was established by elemental analysis. mass spectrometry [(EL 70 ¢V): m
326 (M. 10%), 270 (M — 2C0. 23%), 242 ( M- 3C () 100G%)]. IR [(decalin): "eoy
2018vs. 1950vs, 1938vs om 'Loand "H. VC. and *'P NMR spectroscopy {84 Uy
= 37.7 ppm in CDCI, ).

It seems clear that the chemistry of 6 closely parallels that of the corresponding
“monomeric” I-phenyi-3 4-dimethviphosphole.

Experimental

NMR spectra (8 in ppm from internal Me,Si for 'H and “C and from external
H, PO, for Hp, positive for downfield shifts in all cases) were recorded on a Bruker
WP B0 instrument at 80.13. 2015 and 32.44 MHz. respectivelv. Mass spectra
(Electronic Impact Desorptien or Chemical fonization l)cwr‘plmn' were recorded
on a Nermag R10-10 spectrometer by Mr Charrd (SNPE) Al reactions were carried
out under argon. Chromatographic separations were pufmmuﬁ on deoxvgenated
silica gel columns (70- 230 mesh, Riedel de Haény,

1.17-Diphenyl-3.3" 4.4 -terramerhy{-2,2" ~bi/)hr)\s'p/’z()/c (’6)

To a solution of 2.4 g (6310 7 mol) of 1.V-diphenyi-3.3".4.4'-tetramethyi-
2.27.5.5~wetrahydro-2.2"-biphosphole 5 m 40 ml of CH,CL. and 40 mi of hexane.
was added 4.4 ¢ (1.37 > 10" mol) of pyridinium tribromide. The mixture was well
stirred for 2 h and then 3.1 ¢ (3.33 < 10 7 mol) of a-picoline in 10 ml of hexane was
added. After 2 h stirring the selvents were distiled off and the residue was
chromatographed on silica gel with a mixture of hexane and CH.CH. (70.730) as
cluant. Evaporation of the solvents led to a slightly vellow ol which .r\xulh/ui on
standing: vield 1.2 ¢ (51.3%y; mop. 1082 "H NMR (CDCH 1 § 1.79 (pseudo & 6H.
C(3y and C(¥)-Mey. 2 () % {pseudo q 6H, C4y and ( {4 )- \hy 6.43 (. 2H. =CH).
7.20 (br s, TOH. Phy; 'PONMR CTHY (CDCTy 1250 5C NMR THE «CDCL
15.01 (s. Moy, 18.26 (s, Mey, 1440, 5‘3 (p\‘cud(\ 1. (" o 14301 (preudo © O, 130018 (br
s CHC(27)): mass spulmm (EL 70 ¢V, ()O() m e {relanve é:‘xtt:n‘sil_\"; 374 (M.
100%). 297 (M — Ph. 20%y. 265 (M ~ PhP - 1.40%), 187 (M 2025 Anal. Found:
C. 7697 H. 6.46: P. 1657 CoHL P caled CU7698 Mo cdor Polasi%,

1.17-Diphenyl-3,3 4,4~ wumm!/n/ 227 hiphosphole-P. P’ -disuitides (7a und 7h)

To a solution of 0.3 ¢ <10 * moly of biphosphole 6 in 5 mi of CH.Cl, was
added 0.1 g (3.1 x 10 : mn] y of sulfur. After 2 h reflux the solvent was distilled off
and the residue chromatographed on silica gel with toluene as eluant: vield 025 ¢
(71%) of a mixture of 7a and 7b as a paic vellow solid: "H NMR «CDCT, 0 8 1.66
(pseudo t, C{4) and C{4'3+-Me of the nmunor isomer) (the signal a1 1.66 ppm
corresponding to the C(4).C(4" )-methyls of the m'nor somer represents about 164
of the total methyl signals integration); 2,10 (br s, C3).CR .C{4), and Ci49)-Me of
the major isomer). 2.14 (partly masked. C(3) and C(3¥3-Me of the minor isomer).
6.00 (d. 2J(H=P) 31.1 Hz =CH of the major isomer). 6.09 (4. J(H [ 306 Hz, =CH
of the minor isomer). 6.8-7.7 (m. 10H. Ph); "'P NMR ¢CDCI 10 & 4715 myjor
isomer and 47.75 minor isomer; mass spcctrum (EL 70 eY. 200°Cy m e {relative
intensity) 438 (M. 86%). 405 (M - SH. 100¢ () 19 (A772 EHC#}: Anat. Found: .
65.84: H. 5.40: P. 1418, € H.,P.S, caled.: €, Hu SR PO 1424
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(n!-Pm!-P’-1,1’-Diphenyl-3,3’,4,4'-tetramethyl-2,2’ -biphosphole)tetracarbonylmolyb-
denum (8)

A mixture of 0.95 g (2.5 x 1073 mol) of biphosphole 6 and 0.8 g (3 X 10™* mol)
of Mo(CO), in 10 ml of xylene was kept at 120-140°C for 1 h then allowed to cool
to room temperature. Complex 8 crystallized out: yield 1.2 g (82.5%), yellow
crystals; m.p. 245°C (dec); 'H NMR (CDCl,): § 1.95 (pseudo q, 6H, C(3) and
C(3’)-Me), 2.06 (br s, 6H, C(4) and C(4’)-Me), 6.50 (br d. 2J(H-P) 35.4 Hz, 2H,
=CH), 7.25-7.55 (m, 10H, Ph); mass spectrum (EI, 70 eV, 250°C): m/e (relative
intensity) 584 (M, 17%), 528 (M — 2CO, 33%), 472 (M — 4CO, 95%), 374 (M —
Mo(CO),, 25%).

Bis(w’,w’-4,4",5,5 -tetramethyl-2,2’ -diphosphafulvalene)diiron (10)

To a solution of 1.4 g (3.7 X 1073 mol) of biphosphole 6 in 40 ml of dry THF
was added an excess of Li. After 4 h stirring the excess of hthium was removed and
0.33 g (2.4 X 107 mol) of anhydrous AICI, was rapidly added at —10°C. After 0.5
h at room temperature, 0.7 g (5.5 X 10~? mol) of anhydrous FeCl, was added in two
portions. After 0.5 h stirring the solvent was removed and the residue chromato-
graphed on silica gel with toluene as eluant: yield 0.2 g (20%) of 10a + 10b; orange
red crystals; '"H NMR (CD,Cl,): 8 1.77, 1.93, 2.73 and 3.06 (four singlets, 4 X 6H,
C(4), C4), C(5), and C(5’)-Me), 3.14 and 3.98 (two multiplets, 2 X 2H, C(3), and
C(3')-H); Anal. Found: C, 52.20; H, 5.21; Fe, 19.79; P, 22.16. C,,H,(Fe,P, caled.:
C, 51.83; H, 5.80; Fe, 20.09; P, 22.28%.

(n',m°-4,4",5,5' - Tetramethyl-2,2’ -diphosphafulvalene)hexacarbonyldimanganese (11a)

A mixture of biphosphole 6 (1.9 g, 5% 10~ * mol) and Mn,(CO),, (3.9 g, 10?2
mol) in xylene (30 ml) was heated for 6 h at 150°C with stirring. After cooling and
concentration complexes 12 and 13 partly crystallized out (0.9 g). The solution was
filtered and evaporated, and the residue was chromatographed on silica gel. The
excess of Mn,(CO),, was removed by elution with hexane, then elution with
hexane/toluene (80,/20) gave 1la as a yellow oil which tenaciously retained ap-
proximately one molecule of toluene per mole of 1la: R~ 0.4; yield 1 g. Anal
Found: C, 50.43; H, 3.87; Mn, 17.31; P, 9.92. C,;H,,Mn,O,P, + C;H, calcd.: C,
50.87: H, 3.76; Mn, 18.61; P, 10.49%; 'H NMR (CDCl,): § 2.14 (s, 6H, Me), 2.21
(s, 6H, Me), 4.48 (pseudo dxt, 2H, =CHP): *C NMR (CDCl,): § 14.66 (m, CH,),
16.17 (s, CH,), 95.54 (dxd, Y(C-P) 67.1 Hz, “J(C-P)=4.2 Hz, CH_), 110.14 (m,
Cy), 11141 (4, C,), 112,62 (s, Cp), 223.55 (s br, CO). (For mass spectrum see
Results and discussion.)

Isomer 11b

A solution of 1.2 g of complex 12 in xylene (25 ml) was refluxed for 7 h then
cooled and concentrated. The residue was chromatographed with a mixture of
hexane and toluene (80,/20) as eluant. Isomer 11a was initially eluted (R;~ 0.4,
yield 0.1 g) then isomer 11b (R, ~ 0.25, yield 0.3 g, 12% from 6). Complex 11b was
obtained pure by recrystallization from hexane/toluene (90,/10) at 0°C: m.p. ~
176°C (dec.). Anal. Found: C, 42.39; H, 2.60; Mn, 21.91. C,;H,,Mn,0O,P, calcd.:
C, 43.40; H, 2.83; Mn, 22.05%. 'H NMR (CDCl;): 8 1.96 (s, 6H, Me), 2.13 (s, 6H,
Me), 4.38 (pseudo dxt, 2H, CHP); 1*C NMR (CDCl,): 8 12.72 (s, CH;), 15.99 (s,
CH,), 95.17 (d, 'J(C-P) = 64.7 Hz, HC-P). 108.86 (dxd, 'J(C-P) 58.6, ’J(C-P) 15.9
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Hz, €. 109.7 (m. C)p).

Results and discussion.y

16.98 (s, Cy). 223 (s br. CO) (For mass spectrum see

(q' Py’ -P -0l -Diphenyl-3 3 4.4 petramethyi-2. 2 -hiphosphole iociacirbony ldinan -
ganese {12}

Complex 12 was obtained in 34% overall vield (1.2 gy Irem the reaction mixture
from which 1a had heen isolated. 12 pardy crystallized out along with 13 from the
crude resction mixture. A further quantity was obtained hv chromatography of the
residual oil. The vanous proeducts were eluted in the following order: ¢1) Mn . (CO),
(hexane), (23 Tla (hexane “oluene, 80,720y (3) 12+ 13 croluene). £ was further
purified by crystallization from CHLCL ZCHCT, (80,7208 orange orvatads: mup. -
200°¢C (deci: Anal, Found: € 3421 HL 3440 Mn 185100 LR3I O H L, Mn OP.
caleds €. 54287 HL 3550 Mn, 1552 P8.75% "H NMR (CDCh, 8 1.86 (s 6HL
Men 208 (50 6H, Moy 697 ¢ /H Py~ 352 Hy 23 7Py 730 e FOHL Phy)

Pyt Prn A S T erramethy 2.2 -biphosphafulvaleneihe cacarbonvidinan -
vunesefoctacarbonvildimanganese (13}
The residue from the reervsiallivation of crude complex 12 was chromatographed

with m uene/ humne (807203 The yellow oil obtained. crvstallized slowlhy: mp. ~
260°C (dec(CHCL ) c!d 0.8 g0 Anal. Found: € 3523 HL Lesds Mao 25000 P

7.34: H \1n () E: caled.s €0 26330 H. i.h‘): Mu, 2641 P 7.44% 0 H NMR
(CHCH, 5) ” IR (s, (\l‘ M, 3 19 g5, 6FL Me). 5.03 (psendo © 2H CHPY TP NMR
(’(‘H)(fl,}: 8 7*\ 4\ IR (decaling #(CO)Y. 2065m. "( 0vs, TORKVs, 19765 1930s om
(For mass spectrum see Results and Discussion.)

(" -5.5-Diphenyi-4.4° 5 5 tetramerhy -2, 2 -diphosphatulralenciiie xacarbonyidi-
manganese (14}
A mixture of 6 (1.9 g and Mn (COy,, (39 gy toluene (13 mib was heated at

p=s
~

150°C in a pressure vessel (CO pressure ~ 3 atm.) for ¢ he The salvent was then
evaporated off and the residue was chromatographed with hexance toluene (80 720y
as eluant. A yellow oil was obtamed. which crystallized slowly from hexane - ben-
zene (90710); mup. ~ 200°C (decy vield 1.3 g \xml Found: €, 32398 H. 343 Mn.
17.40, R 930 C, H L My O P, caded: O JS.J.,\ C3A Ml 16900 PL9s3 TH
NMR (CDCT )y 8 221 (s 6FL Mey 241 (s 6H. Mc}‘ 720730 (m. TOHL Phy VO
NMR (CDCHy: 8§ 1453 o0 CH . 1599 (m. CH ) 10795 (dad, /O Py 647,
SJC-PY 1823 Hz, €2y, Ci2's 109.26 (m, Coy 1AL (5 Cf) TESRS (dad, T
62.26 Hz. (-Ph). 22361 (~. CO). '

2-Phenvi-2 4-dimethyiphosphacymantrene (16}

A mixture of 1-phenvi-3.4-dimethylphosphole (3.8 g. 2> 1t - mol} and
Mn,(CO),, (20 g ~ 3> 1077 mol) in toluene was heated at 150°C 1n a pressure
vessel (CO pressure ~ 3 atm). The residue was chromatographed with hexane. The
first. vellow, product { R, 1.46) was the phosphacymantrene 15 and the second
vellow product was the phosphacymantrene 16 (R, 0200 Yield of 16 05 ¢ Anal.
Found: 7. 3595: H: 3.70: P98 O H MO, P caled: €0 370100 HO 371 P
9.43%. "H NMR (CDCl,y 8 2,12 (s, 3H. Moy, 217 50 3H. Mey, 431 (d, /(H-P)
34.9 Hz. 1H. (‘IIP) 722 (s. SH. Ph): ¥C NMR (CDCTL ) 6 1308 (w0 Me) 1575 (s,
Mej. 94.96 (d. Y(C-P; 62.3 Hz, CH-P). 10984 (4 A0C Py 7.3 Hzo ¢ -Mey 11133
(doJC PY 49 Heo (-Me) 119.68 (d. '(C-Py 398 Hz, C-Phi 22379 1 CO,
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