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Abslmct: Twufold litbiation of dibanzothiophenc with n-butyllithium and N,N,N’,N’+hametbyktbyk&kmine 
(TMEDA) in boiling n-hqtane Mbwcd by mc&ion with chb (Pb$‘Cl) yi&kd tbc tide can- 
pouads2( cokmkss) and 3 (yellow). Both pboqbim wcxc characteri& bj single crystal X-ray shucm analysis 
and %,‘I4 sbift car&tcd2DNMRqamxcqy,bascdonwbicbourpevioacassignmentd tbeycllowcompound 
tostnr*mc2basmbcrcviscd. 

lPretiQ@~ we t-qumed the m of 4.6-~@heqv~u~~~mM $11 and 4&tiJ&u~~~uh~~- 
phino)dihenzothiophcnc (2) via twofold lithiation of the hemnes dibenzofuran (4) and dibenzothiophene (5) 
ty R-&lqlWib ‘bm@GB& ric a-deqrane or n-penamc,nspac~ve~~,Y,aadsu6saquenc~aboofatc aiBikm com- 
pounds with F?@C!L2). In the case of 4 the dilithium compound has been charectersed by its reaction with 
~~~~~~~~~~~~~~~~~~~~~~~~~~ 
S~~.F~~~~5~~~~~~~~~trt~, S$lceViXSYXLX- 
tion of 4_lithiodilxnx&iophene in the reaction of n-butyllithium with 5 in ether is well established3~4) and also 
the existence of the 4,6diMimn compound sttmtd to be proved sticiently~. Thus, the diphospbine, which we 
isolated along with 4diphenylphosphinodibenzothiophene (6) from the metalation of 5 in n-pentane using two 
equivalents of n-butyllithiumllUEDA followed by r&&m with Ph$Cl, was assigned the structure of 4,dbis- 
(diphenylphosphino)dibenz&iophene (2). The yellow diphosphine (m.p. 228 - 23100 showed one signal in the 
3WMR qsE@xeD ~~, 81 MHz 8 = -IO.@ (a}} z& se& Be s3sa ti r#POfti i7&?zs@ az 8 = 3.33, 
7.57 and 7.41 fF< t&e neiglrbouring protons in tie QWiW? spectrum (CD2~2.2&? iwti) in agreement with a 
symmetric disubstitution in either the dibcnzothiophene 4,6- or 1.9~position. The latter possibiIity seemed to be 
so imjn&able that it was not considered seriously. Only the mass spectrum tif the compound appeared to he 
somewhat striking by showing a very low intensity nxkxlar ion peak m/z = 552 (1.5%) and the fragnxnt ion 
peak mll = 475 as the base peak. Thii had to be attributed to an i~nu~ual.ly sting fragmentation M+ - 771 by the 
loss of a phenyl group from the molecular ion. However, last doubts about the structure seemed to be dispelled 
by the l3C!-NMR spectrum (CJXl3.100 MHz) which was also in-ted in favour of structme 22). 
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In order to improve the preparation and the yield of 2, the synthesis was repeated by replacing n-pentane by the 
higher-boiling n-heprane as solvent in the metalation step since for thexaction of 4 with n-butylEthi& 
TMEDA, the ratio of mono- and dilithiation was found to depend strongly on the teqeratu&~. To a solution of 
one equivalent of 5 and two equivalents of TMEDA in n-heptane two equivalents of n-butyllithium in n-hexane 
were added at OOC and the yellow-orange solution was subsequently heated to rdlux for 30 min. Shortly before 
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reaching the reflux temperature, a yellow solid, presumably consisting of multiply lithiated 5, started to 
precipitate from the yellow-orange solution. The subsequent reaction with two equivalents of Ph#Cl led to a 
yellowish raw material which was fractionated by repeated crystallisations from mixtures of isopropanol and di- 
chloromethane. In addition to the yellow diphosphine, assigned in our previous work to structure 2, surprisingly 
a second diphosphine could be isolated as colourless crystals (m.p. 236 - 2370C). According to the 31P-NMR 
(CDCI3,81 MHz) and IH-NMR spectra (CDC13,200 MHz), showing one phophorus signal at 6 = -9.7 and one 
ARC-system of twofold intensity at 6 = 8.14, 7.39 and 7.07 for three neighbouring protons, respectively, this 
newly isolated diphosphine also had to be symmetrically disubstituted either in dibenzothiophene 1,9- or 4,6- 
position. On comparing the chemical shifts with those of the monosubstituted 4diphenylphosphinodibenzothio- 
phene (6)q this compound seemed to match even better the 4,Wisubstition pattern of structure 2 than the 
yellow diphosphine. Therefore, single crystal X-ray structure analyses of both compounds were performed~~9). 
As shown in Figures 1 and 2, the colourless compound is indeed the diphosphine 2 substituted in the dibenzo- 

Figure 1: Molecular structure of 4,6_bis(diphenylphosphino)dibenzothiophene (2); view onto the dibenzothio- 
phene plane. 

thiophene 4,6position and the yellow compound is the 19-disubstituted isomer 3. In 2 the dibenzothiophene 
unit is planar and the distance between the two phosphorus centres is 6.383(l) A (FigureI). On the other hand, 
in 3 the close proximity of the two phosphorus centres [Pl...P2 3.009( 1) 8, ] causes a considerable distortion of 
the dibenzothiophene unit and an out-of-plane displacement of the phosphorus atoms: Pl is located 1.117( 1) A 
below and P2 0.925(1)A above the average dibenzothiophene plane (Figure 2a,b). 

The IH- and %NMR spectra of both isomeric diphosphines 2 and 3 could be assigned by means of %,lH 
shift correlated 2D NMR spectroscopy 617). In the 13C-NMR spectra the multiplets due to coupling with 3lP can 
be analysed as AAX-systems (A = A’ = 3tP, X = 13C). In 2 the coupling constant Jpp I 0 results in doublets of 
doublets from which the coupling constants Jx and J~F can be extracted directly. However, in 3 Jpp is large 
compared with J~c and J~c so that apparent triplets are observed from which only the sum of the couplings 
Jpc+p,c can be obtained. In the UV/Vis spectra (in cyclohexane) of both compounds the absorption bands of the 
dibenzothiophene unit are shifted to longer wavelengths by 10 to 20 MI for 2 and 20 to 30 nm for 3. The yellow 
colour of 3 is caused by the dibenzothiophene a-band at 357 nm tailing to wavelengths of h > 400 nm; both the 
larger spectroscopic shift and the characteristic tailing of the a-band are attributed to the distortion of the 
dibenzothiophene unit and possibly to a P..*P interaction. The latter effect is considered to also cause the un- 
usually strong fragmentation [M+ - 771 which, as mentioned above, is observed in the mass spectrum of the yel- 
low diphosphine6v7). Apparently the loss of a phenyl group from the molecular ion of 3 is energetically favoured 
by the concomitant formation of a P - P bond in the remaining fragment ion m/z = 475. 

The unexpected formation of 3 prompted us to study the twofold lithiation of dibenzothiophene (5) in more 
detail. After treating 5 with two equivalents of each n-butyllithium and TMEDA for different times at various 
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temperatures, the lithium compounds formed were character&d by their reaction with ethan[D]ol and subse- 
quent investigation of the deuterated 5 by MS, lH-NMR and l3C-NMR spectroscopy. Whereas at OOC essen- 
tially only monometalation with formation of the 4-lithiodibenzothiophene is observed, increasing yields of a 
mixture of 4,6- and 1,9 dilithiodibenzothiophene in a nearly constant ratio of ca. 3: 1 is obtained in the tempera- 
ture range from room to reflux temperaturelo). Based on these observations we conclude that after the first 
litbiation in the dibenzothiophene Cposition, the second lithiation step results in a ca. 3:l mixture of the 4,6- and 
the 1,4- (and/or 4,9-) dilithium derivatives, from which the latter isomerise by intermolecular transmetalation into 
the thermodynamically more favoured 1,9-isomer1 l). 

1,9disubstituted dibenzothiophenes have been recently obtained in moderate yields by ring contraction of 4,6-di- 
substituted thianthrene-5-oxidest2). The results presented here demonstrate that such sterically crowded 1,9-di- 
substituted dibenzothiophenes can also be obtained directly by the twofold lithiation of 5 and subsequent reaction 
of the 1,9-dilithiodibenzothiophene with electrophiles. 

a b 

Figure 2: Molecular structure of 1,9-bis(diphenylphosphino)dibenzothiophene (3); a: view onto the dibenzothio- 
phene plane; b: side view. 
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213-217. The product obtained from the ma&n of !I with a foutfold excess of n-lnttyl.lithium in die&y1 
ether and subsaptent react&t withdcutclium oxidi? has been shown by massspccaometry to contain 68% 
of lI+J- and 22% of @jdibenzothiophcne fhnu which the latter compound was pmsnmcd to be 4,6disub- 
stitutcdz Meyerson, S.; Fields, E.K. J. Org. Ghan. H&8,33,847-848. 
Yellow crystals, pmviously assig&d2) to structure 2, now assigned to structure 3: m.p. 228 - 231oC. - lH 
NMR (CD@,, 250c, 200 MHz): 6 = 7.88, 7.57, 7.41 [ARCXX’with X and X’= 3lP, JAB = 1.2, ;r,, = 

7.8, JBc = 7.6, UBXe3 = 3.2, Ja = 0 Hz. each 2H for 4-,6-H, 2-, 8-H 3-, 7-H], 7.25 - 7.20 lm, 2OH, 

phenylm - 31P NMR (qa2, 25oc, 81 MHZ): 6 = - 10.0 (s). - 13c NMR (cDcl3, 3Ooc, 100 MHZ. 

analyscd by 13C,lH shift correlated 2D NMR spectroscopy): 6 [multiplicity with respect to lJcH, coupling 
to 31P with apparent multiplicity (“m”)] = 140.5 Is, >~+.F-c = 31.3 Hz (“t”), C-94 -9b]. 140.2 [s, Jpc+p’c = 
9.0 Hz C’t”), C-4a, -Sal, 140.0 [s, Jpc+w: = 0.6 Ha (“d”), phenyl . 
C-l, -91, 135.0 [d, ‘Ja = 163 Hz, Jpc+ 

so], 135.4 [s. JPC+P’~ = 12,5 Hz (“t”), 

P 
F ‘c = 1.8 I-Ix (“t”), C-2, -8 , 133.0 [d, ‘Ja = 160 Ha, Jpc+p’c = 

21.0 I-Ix (“t”), phcnyl C,,& 127.8 [d, Ja = 
*Jm = 

160 Hz, Jpc+p*c = 6.7 Hz (“t”), phcnyl C,,,& 127.6 [d, 
160 Hz, phenyl Cpar(ll, 126.4 [d, *Ja = 163 Hz, C-3, -71, 123.4 [d, *Ja = 163 Hz, 

C-4, -61. - MS (70 eV): mlz (Rb) = 553 (0.6). 552 (1.5) [M+], 476 (33), 475 (100) [M+ - Ph], 398 (3.5) 
[M+ - 2 Phl, 367 (1.3) [M+ - Ph2P], 321 (18), 289 (9), 276 (8), 258 (5), 244 (4), 213 (3). 183 (12), 152 (1) 
107 (l), 77 (2), 51 (2). 
Colourless crystals, assigned to structure 2: m.p. 236 - 2370C. - 1~ NMR (CDC13, 25oC, 200 MHz): 6 = 

8.14, 7.39, 7.07 [ARCX with X = slP, JAB = 8.0, JAc = 1.1. Jw = 7.3, JAx = 0.5, JBx ii 0.5, Jcx = 4.8 

Hz, each 2H for l-, 9-H. 2-. 8-H, 3-, 7-H], 7.28 - 7.15 [m, 2OH; phenyl I-Q - 3JP NMR (CDCl3, 25oC, 81 
MHZ): 6 = - 9.7 (s). - l3C! NMR (CD@. 3oOC, 75 MHz, analysai by 13C,lH shift correlated 2D NMR 
specttoscopy): S [multiplicity with respect to lJa, coupling to 3lP with multiplicity (m)] = 146.1 [s, Jpc = 
29.9, J~c - 6.3 Hz (dd), C-4a, -5a], 135.4 [s, Jpc - 6.3, Jp’c - 2.2 Hz (dd), C-9a, -9b], 135.3 [s. Jpc - 9.4 
Hz (d), phenyl CHO], 133.8 [d, ‘Ja = 162, Jpc = 19.4 Hz (d), phenyl C&b], 131.54 [s. Jpc = 12.1 Hz 
(d). C-4, -61, 131.49 [d, ‘Ja n.d. (overlapping signals), C-3, -73, 128.9 [d, 1Ja = 162 Hz. phenyl Cpara], 
128.5 [d, ‘Ja = 160, Jpc = 7.1 I-Ix (d), phcnyl C ,a& 124.8 [d, ‘JcH = 16O..Jpc = 0.9 Hz (d), C-2, -83, 

122.1 [d, ‘Ja = 160, Jpc = 1.0 Hz (d), C-l, -91. -MS (70 eV): m/z (%) = 554 (12), 553 (32), 552 (100) 
[M+], 475 (3) [M+ - Phi, 395 (2), 367 (4) [M+ - PhzP], 365 (8), 289 (IO). 276 (11). 258 (3), 257 (4). 213 
(3), 197 (4). 183 (17). 152 (l), 107 (2), 77 (2). 51 (2). 
Crystal structure analysis of 2, &I-$&‘$, MW = 552.6, crystal size 0.28 x 0.39 x 0.32 mm, a = 14.689(l), 
b = 12.091(l), c = 16.196(2) A. p = 90.53(l)‘, V = 2876.4 As, & = 1.28 g cm-3, p = 2.39 cm-l, F(OO0) 
= 1152 c, 2 = 4, crystal system monoclinic, space gmup P2l/c(No.14). Enraf-Nonius-CAD4difi+actometcr, 
A= 0.71069 A, 10466 measured reflections (ul,zi$,+i), [(sin O)/$iax 0.65 A-1,6563 independent and 5011 

observed reflections [I L 20(I)], 352 refined parametcts, heavy-atom method, H-atom positions were 
calculated and kept fixed in the fmal least-squares-rcflnement, R = 0.039, R, = 0.046 [w = l/o2 (Fd], max. 
residual electron density 0.21 eA-3. 
Crystal structure analysis of 3, C+I7&S, MW = 552.6, crystal size 0.07 x 0.21 x 0.25 mm, a = 10.801(2). 
b = 11.002(l), c = 13.694(l) A, a = 93.78(l)‘, j-i = 106.58(l)‘, y = 112.08(l)‘, V = 1417.5 A3, hi: 1.29 
g cm_31 p = 2.43 cm-l, F(OO0) = 576 e, Z = 2, crystal system aichic, space gmp Pi(No.2), Bmif-Norims- 
CAD4-diffmctometcr, 1= 0.71069 A, 6720 measured mflcctions (fh,&+l), [(sin O)A.]nisx 0.65 A-*, 6448 
independent and 4392 observed reflc&iotis [I 2 Za(r)], 352 refined parameters, heavy-atom method, H-atom 
positions were calculated and kept iixai in the &al least-squares-retlnement, R = 0.047, R, = O.o48‘[w = 
l/o2 (F~I, max.. residual electron density 0.30 CA-3. 
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