


of I-phenyl-3.4-dimethyIphosphole. which yields inter alia the red tetraphosphinr 2. 
In spite of its simplicity. this approach has one main dr;r\\bback namely that 2 i\ 
fully substituted. and thus the development of a chemistry b;wd on sub.~titution in 
the phosphole rings is ruled out. In collaboration ulth Neisi)n 141. \\e ha\e 
demonstrated that it is possible lo perform the reducti\ e dimerizrttron of‘ phospholes 
in the presence of nickel salt5 and alcohols. to gi1.e ?.2’-bipho~ph~,lel~~.~. 3. iVe &o\\ 

here that these products can be readily converted into tlw corrt*~ponding X’-bl- 
phospholes 4. and describe wr prcliminwry studies on ?hc rcacticlwx 

Results and discussion 

The biphospholenc to hiphosphole conversion was studied on 
parable [4]. I.l’-diphenyl derivative 5. P-Hromination of 5 i\ wail\ 

15 6 

The overall vieid of the l.?‘-blphosphole 6 is CA SO5 The rc,ute ia Gmilar to that 
previously used by Quin (51. to convert monoqclic tervalent pho~pholcnes into the 
corresponding phospholes. The drhvdrobrontinatiol-r http in\ol\cb an t>ptimired 
procedure for the synthesis of phospholeh devised in C)LIT group jh]. IUlc biphosphole 
6 is a solid (m.p. lOX*c‘) which is fairly resistant tokvard o\id;~tion. .ind can bc 
purified by chromatograph? on silica gel. Since the pyramidal in\wGc)n barrier ot 
phospholcb is low (ca. 16 kcal;‘mol [7]). 6 can he regarded ;I i ;I mi ~luic‘ crf iscwers 
interconverting rapidI\ on the NMK time scale at room ternperatur~ and gi\ ing onI\ 
one >harp “P reaom&e (A( “I’) (6) -+ 11.5 ppm in CD<‘1 :: F poGtr\e !<)I‘ downi”ie(d 
shifts from external 857 13 ; PO, )_ .l‘he pyramidal in\ crGc?n at pho.~ph~~!-u\ ix. 01 
course, suppressed when the lone pair5 react w.ith \uil‘ur and mixture’ of ihomeric: 
P-sulfides i, obtained (eq. 3-j. 

Me Me Me Me Me Me Me Me 

!7a) (7b; 

The major isomer (S( j’P) + 47.1 ppm in CD<‘I, ) probably has the iw. hindered 
structure 7b: the minor isomer (S( “P) +47.7 ppm in CD(‘I : i constittltrs apprc,xi- 
matively one third of the total amount 01” 7. In contrast. the reac‘ti<)n of 6 \j+th 
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molybdenum hexacarbonyl gives only one isomer of the chelate 8 (6( 31P) + 51.7 
ppm in CH,Cl,), for obvious geometrical reasons (eq. 3). 

Mo(C016 
6 (3) 

140°C , xylene 

Mo(CO), Ph 

(8) 

Cleavage of the two exocyclic phosphorus-phenyl 
of lithium in THF (eq. 4). 

Me Me Me 

bonds is readily achieved by use 

Me 

Li excess 
6 B 2PhLi + 

THF , r.t. 

m , 2Li+ (4) 

P- P- 

(9) 

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 31P resonance as the 3,4-dimethylphospholyl anion (S(31P) 
+56.7 in THF vs. t-58.9 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 7’ complexes. For example, the reaction with anhydrous 
FeCl, yields a mixture of two isomeric bis(diphosphafulvalene)diirons (eq. 5). 

9 + 2PhLI 
I) 2/3 AIC13 

2) 2FeCl2 
lob ( 5) 

Anhydrous AlCl, is used to destroy the phenyllithium formed along with 9. since it 
has been shown [lo] 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. l/l mixture of 10a and lob is obtained in ca. 20% yield. The 
identities of 10a and lob were established by elemental analysis. mass spectrometry 
[EI, 70 eV: m/e 552 (M, lOO%), 276 (M/2, 13%)], and ‘H and 31P NMR 
spectroscopy (6( 31P) - 64.7 and - 46.3 ppm in CD,Cl 2). The observed upfield shift 
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2005m, 1990s 1972~s 1915m; (Ph,PCH,PPh,)Mn,(CO), (n-hexane): v(C0) 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 (EL 70 eV): m/e 831 (M-H, 1.6%). 747 
(831-3C0, 2.8%) 719 (831-4C0, 2.4%) 636 (M-7C0. 12%). 608 (M-8C0, 32%) 
552 (M-lOC0, 26%) 496 (M-12C0, 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), 
I 

6 + Mn,(CO& toluene Ph3g$+-&_Ph (7) 
150°C , 6h 

(CO pressure ) 
Me Me 

Mn (CO), 

(14) 

In this case the major product is the new r-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 - 3C0, 47%) 482 (M - 6C0. 100%)) IR ((de- 
calin): v(C0) 2015s 1950~s cm-‘), and ‘H, 13C, and 31P NMR spectroscopy 
(S(31P) -14.1 ppm in CDCl,) and we assign to it the less hindered of the isomeric 
structures. A minor by-product (S(31P) - 5 ppm) is probably the other isomer, 
related to 14 as lib is to lla. 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). 

6 +I~OT, [P:wPh] M%(cO)low ,4 (6) 

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 l-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 l-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 r-complex 15, the 2-phenyl- 
3,4-dimethylphospholyl a-complex 16, obtained in 13% yield (eq. 9). 

Mn (CO), Mn(COJ3 

Me Me 

t--II 
I \ ,5;;;;h Mj&fe Me&Ph (9) + Mn,(CO)lo . 

‘i 
( CO pressure) 

P P 

Ph (15) (16) 
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(~‘-P,~‘-t”-1,1’-Dipheny1-3,3~,4,4’-tetramethy1-2,2’-hiphospho1e)tetru~urbony1mo1yb- 

denum (8) 

A mixture of 0.95 g (2.5 X lop3 mol) of biphosphole 6 and 0.8 g (3 X 10~m3 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 (CDCI,): 6 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), 7.2557.55 (m, lOH, Ph); mass spectrum (EL 70 eV, 25OOC): m/e (relative 
intensity) 584 (M, 17%) 528 (M - 2C0, 33%). 472 (M - 4C0, 95%), 374 (M - 
Mo(CO),, 25%). 

Bis(~-~,~‘-4,4’,5,5’-tetrumethy1-2,2’-~iphosphufuIvulene)~iiron (IO) 
To a solution of 1.4 g (3.7 x 1Om~3 mol) of biphosphole 6 in 40 ml of dry THF 

was added an excess of Li. After 4 h stirring the excess of lithium was removed and 
0.33 g (2.4 X lop3 mol) of anhydrous AlCl, was rapidly added at -10°C. After 0.5 
h at room temperature, 0.7 g (5.5 X 10-j mol) of anhydrous FeClz 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 + lob; orange 
red crystals; ‘H NMR (CD,C12): 6 1.77, 1.93, 2.73 and 3.06 (four singlets, 4 X 6H, 
C(4), C(4’), C(5), and C(S’)-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, calcd.: 
C, 51.83; H, 5.80; Fe, 20.09; P, 22.28%. 

A mixture of biphosphole 6 (1.9 g, 5 X lop3 mol) and Mn,(CO),, (3.9 g, lo-’ 
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 lla as a yellow oil which tenaciously retained ap- 
proximately one molecule of toluene per mole of lla: R f - 0.4; yield 1 g. Anal. 
Found: C, 50.43; H, 3.87; Mn, 17.31; P, 9.92. C,,H,,Mn,O,PZ + C,H, calcd.: C, 
50.87; H, 3.76; Mn, 18.61; P, 10.49%; ‘H NMR (CDCI,): 6 2.14 (s, 6H, Me), 2.21 
(s, 6H, Me), 4.48 (pseudo dxt, 2H, =CHP): 13C NMR (CDCl,): 6 14.66 (m, CH,), 
16.17 (s, CH,), 95.54 (dxd, ‘J(C-P) 67.1 H z, 4J(C-P) = 4.2 Hz, CH,), 110.14 (m, 
C,), 111.41 (d, C,), 112.62 (s, CD), 223.55 (s br, CO). (For mass spectrum see 
Results and discussion.) 

Isomer llb 
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 @O/20) as eluant. Isomer lla was initially eluted (R, - 0.4, 
yield 0.1 g) then isomer lib (R f - 0.25, yield 0.3 g, 12% from 6). Complex 1 lb 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. Ct8Ht4Mn,0,P, calcd.: 
C, 43.40; H, 2.83; Mn, 22.05%. ‘H NMR (CDCI,): 6 1.96 (s, 6H, Me), 2.13 (s. 6H, 
Me), 4.38 (pseudo dxt, 2H, CHP); r3C NMR (CDCl,): S 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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