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Reaction of 2,2,6-trimethylthiochroman-3,4-dione with an excess of methylenetriphenyl- 
phosphorane yields the stabilised ylide (4) by way of an a-ketol rearrangement. X-Ray crys- 
tallography indicates that (4) exists as the (a-isomer and provides supporting evidence for an 
enolate structure. 

Keywords: Thiochroman-3.4-dione; a-ketol rearrangement; methylenetriphenylphospho- 
rane; X-ray crystallography 

INTRODUCTION 

The regiospecific formation of C=C bonds by reaction of phosphorus- 
stabilised carbanions with carbonyl compounds is a widely used organic 
transformation which has been extensively reviewed[ ‘I. The application of 
the Wittig reactionL2’ to o-quinones and a-diketones has received rela- 
tively scant attention. Reaction of one equivalent of a P-stabilised carban- 
ion with an a-diketone affords an a,P-unsaturated ketone resulting from 
preferential attack of the carbanion at the more electrophilic C=O group[31. 
The generation of 1,3-dienes from a-diketones and two equivalents of a 
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222 CHRISTOPHER D. GABBUTT et al. 

P-stabilised carbanion is variable[41 and frequently the a$-unsaturated 
ketone is the major product. 

We have previously reported[51 the reaction of thiochroman-3,4-diones 
(1) with one equivalent of methylenetriphenylphosphorane to afford 
3-methylenethiochroman-4-one (2), which underwent a facile hetero 
Diels-Alder cycloaddition to give the pentacycle (3). Reaction of the dione 
with an excess of methylenetriphenylphosphorane gave a crystalline solid 
which was tentatively assigned as the stabilised ylide (4) on the basis of 
spectroscopic evidence, though no evidence for the geometry or position 
of the ylide double bonds was available (Scheme 1). 

We now report the absolute structure of this novel ylide as determined 
by X-ray crystallography. 

DISCUSSION 

Bond lengths and angles obtained from X-ray crystallographic studies on 
'reactive' alkylidene triphenylphosphoranes (Ph,P=CR'R") have been col- 
lated[61 and indicate that the P-C ylide bond length in these compounds is 
ca 1.67 A, very close to the theoretical P-C double bond distance of 1.667 
A, but appreciably different from the P-C single bond length of 1.872 A[71. 
Replacement of the phenyl groups with bulky alkyl groups results in a 
lengthening of the P-C ylide bond[']. There are relatively few reports of 
X-ray crystallographic data for stabilised P-oxophosphoranes 
(Ph3P=CHC(0)R)[9a-g1, but the P-C ylide bond length in these examples 
is slightly longer, ca 1.74 8,, than that in the reactive ylides. 

Data for the present ylide (4) indicate a P-C( 13) bond length of 1.723(2) 
8, which is comparable with those values reported for stabilised ylides. 
The C(13)-C(12) bond distance of 1.383(3) 8, in (4) is shorter than the 
theoretical C-C single bond length of 1.54 8, but compares favourably 
with the C=C bond length of 1.34 A, indicating significant double bond 
character. The 0(2)-C(12) bond distance of 1.252(3) A is marginally 
longer than the typical C=O bond length of 1.21 8, but is shorter than the 
C-0  single bond length of 1.43 8,[lo1. This shortening of the C-CO and 
lengthening of the C=O bonds is attributed to significant delocalisation of 
the carbanion lone pair of electrons through the carbonyl group, thus pro- 
viding an enolate type structure (6 )  (Scheme 2). Evidence for such enolisa- 
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(3? 
Reagents and conditions: (i) 1 cq. CH2=PPh,, THF, 0 "C, N1; (ii) morn tcmpcraturc; 

(iii) Zeq. CH2=PPh3, THF, 0 "C, N2; (iv) aq. HCI, A. 

SCHEME 1 

tion has been provided by alkylation experiments on P-oxophosphoranes 
where the major products resulted from 0-alkylation" 

0 ,PPb 6?j7 
or - 

&ppb ' s  

&bpb ' s  

- .  

SCHEME 2 

&., 
or 

The presence of an enolate structure is consistent with the observed 
additional data for (4), where the absorption band for the C=O stretch 
appears at 1539 cm-' instead of the more typical range of 1705 - 1725 
cm-l for an acetyl C=O group"21. Acidic hydrolysis of (4) gave, as 
expected, triphenylphosphine oxide and the acetyl compound (3, in which 
the C=O stretch is at 1710 ~ m - ' " ~ ] .  
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224 CHRISTOPHER D. GABBUTT et al. 

In our earlier paper, we were unable to assign the geometry of (4) by 'H 
or 13C NMR spectroscopy. It is clear from the crystallographic data1141 
(Table I) that (4) is present as the (a-isomer as shown in Figure 1, a fea- 
ture which is in agreement with the geometry reported for other p-0x0- 
phosphoranes[ga-cl The 0-C-C-P unit of the ylide is essentially planar, 
consistent with sp2 hybridisation and a trigonal planar configuration of the 
ylide carbanion. This planar enolate configuration facilitates the synthesis 
of alkynes by the high temperature thermolysis of P-oxophosphoranes 
which proceeds by the elimination of triphenylphosphine oxide through a 
proposed 1,2-oxaphosphetene inter~nediate"~]. 

FIGURE 1 Perspective View and Key Atom Labelling of the Ylide (4) 
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THIOCHROMAN-3,4-DIONE 225 

TABLE I Selected Bond lengths (A) and Angles (") for the Ylide (4) 

s-C(1) 1.768(2) s-C(9) 1.863(3) 

P-C( 13) 1.723(2) P-C(26) 1.798(2) 

P-C( 14) 1.810(2) P-C(20) 1.81 I(2) 

O(1 )-CW 1.402(3) 0(2)-C(12) 1.252(3) 

c( 1)-c(7) 1.375(3) C(7)-C(8) 1.525(3) 

C(8)-C(9) 1.555(3) C(8)-C(12) 1.577(3) 

C( I2)-C( 13) 1.383(3) 

C( 1)-s-c(9) 

C( 13)-P-C( 14) 

C( 13)-P-C(20) 

C( 14)-P-C(20) 

C( l)-c(7)-c(8) 

O( I)-C(S)-C(9) 

O( I)-C(8)-C( 12) 

C(9)-C(8)-C(I 2) 

0(2)-C( 12)-C( 13) 

C( 13)-C( 12)-C(8) 

90.51(11) 

106.27( 1 1 )  

113.88(11) 

107.10( 11) 

I13.9(2) 

109.06( 18) 

106.37( 18) 

114.12( 19) 

124.2(2) 

121.21(19) 

C( 13)-P-C(26) 

C(26)-P-C( 14) 

C(26)-P-C(20) 

C(7)-C( 1)-S 

O( 1 )-C(8)-C(7) 

C(7)-C(8)-C(9) 

C(7)-C(8)-C( 12) 

C@)-C(9)-S 

O(2)-C( 12)-C(8) 

C(12)-C( 13)-P 

114.72( 12) 

106.52(11) 

107.83( 11) 

113.41( 18) 

11 l.63( 18) 

104.97( 18) 

110.78(170 

104.42( 15) 

114.6(2) 

120.94( 17) 

The three phenyl groups on the P atom are oriented in a propeller-like 
manner with respect to the P-C(13) bond and the P-phenyl bond lengths 
are 1.798(2), 1.810(2) and 1.811(2) 8, close to the P-C bond length of 
I .82-1.83 8, in triphenylphosphine[161. The C-P-C bond angles are around 
107" and indicate that the P atom has adopted a tetrahedral geometry. 

The 'H NMR spectrum of (4) displays singlets at 6 1.47, 1.56 and 2.31 
each accounting for three protons which are assigned to the diastereotopic 
C-2 methyl groups and the aromatic methyl group respectively. A doublet 
at 6 4.38 accounts for one proton and the magnitude of the coupling con- 
stant (J  24.5 Hz) is in accord with literature values for 2Jp-H["b.171. A 
slightly broadened singlet at 6 6.11 is attributable to the hydroxyl proton. 
Exchange with D20 revealed that this proton and the proton on the carbon 
adjacent to the phosphorus atom are both labile. Partial I3C NMR data for 
this ylide are presented in Figure 2. It is noteworthy that no P-C coupling 
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226 CHRISTOPHER D. GABBUTT et al. 

to the carbonyl carbon (0-C) is observed, a feature that is common for 
other stabilised ylides" lb]. The remaining P-C coupling constants are 
comparable to those reported in the literature for various stabilised ylides 
["I. The 31P NMR spectrum of this compound displayed a doublet at 
6 15.7, a chemical shift comparable with those of phosphorus atoms in 
other stabilised ylides[9~~'1b~'8~'9~201. The infrared spectrum of (4) dis- 
played hydroxyl stretching band at 3308 cm-' 

6 187.2, s 
6 89.5,d,J = 14.5 Hz 

6 49.6, d ,J=  107.7 Hz 
T- 621.1.sandS22.0,~ 

6 62.3. s 
FIGURE 2 Partial 13C NMR Data for (4) 

The formation of (4) can be rationalised (Scheme 3) by attack of methyl- 
enetriphenylphosphorane on the more electrophilic 3-carbonyl group to 
afford a betaine. A second mole of methylenetriphenylphosphorane then 
behaves as a base and abstracts a proton O! to the phosphoniurn function to 
generate a new ylide. This ylide cannot undergo the normal betaine + 
oxaphosphetane + alkene sequence of the Wittig reaction and instead 
favours an a-ketol rearrangement to afford (4) on acidic work-up. 
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EXPERIMENTAL 

Melting points were determined in capillary tubes and are uncorrected. 
Distillations were performed using a Kugelrohr (Buchi GKR-50 Glass 
Tube Oven) and all boiling points quoted relate to the oven temperature at 
which the distillation commenced. Infrared spectra were recorded on a 
Mattson-Polaris Fourier Transform spectrophotometer. 'H, 13C and 31P 
NMR spectra were recorded on a Bruker WM250 instrument for solutions 
in CDC1,; coupling constants are given in Hz. Flash chromatographic sep- 
arations were performed on Crossfields Sorbsil C60 silica gel (M.P.D. 
60A, 40-60~, activated) according to the published procedure[211. 
2,2,6-Trimethylthiochroman-3,4-dione (1) was prepared according to the 
literature procedure[221. 

Reaction of 2,2,6-"rimethylthiochroman-3,4-dione with Excess 
Methylenetriphenylphosphorane 

n-Butyllithium (1  7 mmol) was added rapidly to a vigorously stirred sus- 
pension of methyltriphenylphosphonium bromide (16 mmol) in anhydrous 
THF (30 ml) cooled to -10 "C under an argon atmosphere. The resulting 
orange solution was stirred at room temperature for 45 minutes. 2,2,6-Tri- 
methylthiochroman-3,4-dione (8 mmol) was added in a single portion fol- 
lowed by further THF (20 ml). After stirring at room temperature for 30 
minutes, the solution was poured into water (200 ml) and extracted with 
ethyl acetate (3 x 50 ml). Removal of the dried (Na2S04) solvent gave the 
crude product which was eluted from silica gel with 20% ethyl acetate in 
hexane to afford two fractions. Fraction 1 3-Methylidene-2,2,6-trimeth- 
ylthiochroman-4-one (2) (17%) as a bright yellow oil, b.p. 125 "C at 7 x 

6-Me), 5.45 (lH, s, alkenyl-H), 6.52 (lH, d, J0.9, alkenyl-H), 7.09 (lH, d, 
J7.8, 8-H), 7.20 (lH, dd, J7 .8  and 1.8,7-H), 7.95 (lH, d, J 1.8, 5-H); 6c 
20.6 (6-Me), 27.2 (2-Me), 46.3 (2-C), 118.3 (3-CH2), 150.5 (3-C), 186.5 
(4-C), 127.5-136.8 (6 x C) (Found: C, 71.7; H, 6.6; S ,  14.7. Cl3HI40S 
requires C, 71.5; H, 6.5; S ,  14.7%) and Fraction 2. (2)-2,2,5-Tkbnethyl- 
3-[(triphenylphosphoranylidene)acetyl]-2,3dihy~bem[b]thiophen-3-ol 
(4) (46%) as colourless crystals from ethyl acetate and hexane, m.p. 
169.0-171.0 "C; umm (Nujol)/cm-' 3308, 1539; 6H 1.47 (3H, s, 2-Me), 
1.56 (3H, s, 2-Me), 2.31 (3H, s, 5-Me), 4.38 (lH, d, J 24.5, alkenyl-H), 

10- 2 mmHg; u,,(Nujol)/cm-l 1665; &H 1.58 (6H, s, 2-Me), 2.33 (3H, s, 
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22R CHRISTOPHER D. GABBUTT et a[. 

6.11 (IH, s, OH), 6.94-7.04 (3H, m, 4-H, 6-H, 7-H), 7.39-7.57 (15H, m, 
Ph3P), D20 treatment resulted in the collapse of signals at 6 4.38 and 6.11; 
6~ 21.1 (2-Me), 22.0 (2-Me), 28.4 (5-Me), 49.6 (d, J 107.7, 3"-C), 62.3 
(2-C), 89.5 (d, J14.5, 3-C), 122.7 (Ar-C), 125.7 (d, J7.2, Ar-C-pP), 127.2 
(Ar-C), 128.8 (d, J 12.1, Ar-C-mP), 132.2 (Ar-C), 132.9 (d, J 9.8, 
Ar-C-oP), 134.8 (d, J 100.0, Ar-C-ipsoP), 145.2 (Ar-C), 187.2 (3'-C); 6, 
15.7 (Found: MH' 497.1727; C, 75.1; H, 5.9; P, 6.4; S, 6.9. C31H2902PS 
requires MH'497.1704; C, 75.0; H, 5.9; P, 6.2; S, 6.5%). 

A suspension of the foregoing ylide (4) (1.2 mmol) in dilute hydrochlo- 
ric acid (4M, 40 ml) was refluxed for 1.5 hours. The cooled mixture was 
diluted with water (200 ml) and extracted with ethyl acetate (3 x 50 ml). 
The combined organic extracts were washed with water ( 1  00 ml), dried 
(Na2S04) and evaporated to afford a pale yellow solid. Elution from silica 
with 20% ethyl acetate in hexane gave two fractions. Fraction 1. 
3-Acetyl-2,2,5-trimethyl-2,3-dihydrobenzo[~]thiophen-3-0~ (5) (87%) 
as colourless crystals from hexane and ethyl acetate, m.p. 91.5-93.0 "C 
urnax (Nujol)/cm-l 3430, 1710; 6~ 1.31 (3H, s, 2-Me), 1.53 (3H, s, 2-Me), 
2.27 (3H, s, 5-Me), 2.32 (3H, s, COMe), 4.76 (lH, s, OH), 6.87 (IH, s, 
4-H), 7.06-7.08 (2H, m, 6-H, 7-H) (Found: C, 65.9; H, 6.8; S, 13.7. 
C13HI6O2S requires C, 66.1; H, 6.8; S, 13.6%). Fraction 2. Triphenyl- 
phosphine oxide identical in all aspects with authentic material. 

Acknowledgements 
We thank the EPSRC for the provision of a mass spectrometry service 
(University of Wales, Swansea) and for an equipment grant to W.C. 

References 
[ I ]  A. Maercker, Org. React., 40, 270, (1965); M. Schlosser, Top. Stereochem., 5,  1, 

(1970); H .  Pommer, Angew. Chem. Int. Ed. Engl., 16,423 (1977); I. Gosney and A. G. 
Rowley in Organophosphorus Reagents in Organic Synthesis, Ed. J .  I .  G. Cadogan, 
(Academic Press, New York, 1979). Chap. 2, p. 17; M. Schlosser and B. Schaub, Phos- 
porus and Sulfut; 18, 171, (1983); J. Murphy and J. Brennan, Chem. SOC. Rev., 17, I ,  
(1988); B. E. Maryanoff and A. B. Reitz, Chem. Rev., 89, 863, (1989); B. M. Heron, 
Heterocycles, 41,2357, (1995). 

[2] G. Wittig and G. Geissler, Annalen, 580, 44, (1953). 
[31 W. W. Sullivan, D. Ullman and H. Shechter, Tetrahedron Lett., 457, (1969); M. A. 

Smith, L. E. Klebanoff, C. T. Morrow and B. B. Sandel, J.  Org. Chem., 47, 1702, 
(1982); D. N. Nicolaides, S.  G. Adampoulos, E. J. Hatzigrigoriou and K. E. Litanas, J. 
Chem. SOC. Perkin Trans.], 3159, (1991). 

[41 H. H. Inhoffen, K. Brucker, G. F. Domagk and H.-M. Erdmann, Chem. Be& 88, 1415, 
(1955); J. P. Freeman, Chem. Ind., 1254, (1959); H. J. Bestmann andH. Lang, Tetrahe- 
dron Lett., 2101, (1969); J. W. Von Straten, .I. J. Van Norden, T. A. M. Van Schaik, G. 
Th. Franke, W. H. De Wolf and F. Bickelhaupt, Red. Trav. Chim. Pays-Bas, 97, 105, 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
Sa

sk
at

ch
ew

an
 L

ib
ra

ry
] 

at
 1

3:
39

 1
3 

Ju
ne

 2
01

6 



THIOCHROMAN-3,4-DIONE 229 

(1978); W. M. Abdou, N. A. F. Ganoub and N. M. Abdel-Rahman, Phosphorus Suljiuq 
61,91, (1991). 

[5] C. D. Gabbutt, J. D. Hepworth and B. M. Heron, J. Chem. Res., ( S ) ,  118; M0805 - 
M0819, (1995). 

[6] A. W. Johnson, W. C. Kaska, K. A. 0. Starzewski and D. A. Dixon, Ylides and Imines 
of Phosphorus, (J. Wiley & Sons, New York, 1993), p. 48. 

[7] L. Pauling, Nature ofrhe Chemical Bond, (Cornell University Press, Ithaca, New York, 
1960), 3rd Edition, p. 244. 

[8] H. Schmidbaur, A. Schier, C. M. Frazao and G. Muller, J. Am. Chem. SOC., 108, 976, 
(1986); W. Dressig, H. J. Hecht, K. Plieth, Z.  Kristalfogr, 137, 132, (1973); G. 0. 
Nevstad. K. M. Moe, C. Ramming and J. Songstad, Acta Chem. Scand., 39A, 523. 
(1985). 

[9] (a) M. Geoffrey, G. Rao, Z. Tancic and G. Bemardinelli, J. Am. Chem. SOC., 112, 2826, 
(1990); (b) M. Shao, X. Jin, Y. Tang, Q. Huang and Y. Huang, Tetrahedron Left., 5343, 
(1982); (c) D. F. Rendle, Diss. Abstr. Int., 33B, 5178, (1973) ; (d) F. S. Stephens, J.  
Chem. SOC., 5640 and 5658, (1965); (e) A. D. Abell, B. M. Clark and W. T. Robinson; 
Ausr. J. Chem., 42,1161, (1989); (f) A. D. Abell, J. Trent and W. T. Robinson, J. Chem. 
Soc.. Chem. Commun., 362, (1991); (g) R. A. Aitken, G. Ferguson and S. V. Raut, J.  
Chem. SOC., Chem. Commun., 812, (1991). 

[ lo]  F. H. Allen, 0. Kennard, D. G. Watson, L. Brammer, A. G. Orpen and R. Taylor, J. 
Chem. SOC., Perkin Trans., 2, S 1, ( 1987). 

[ I11 (a) A. N. Nesmeyanov, Bull Acad. Sci. USSR, 24,2737, (1975); (b) M. M. Kayser, K. 
L. Hatt and D. L. Hooper, Can. J .  Chem., 69, 1929, (1991). 

[I21 L. J. Bellamy, The Infrared Spectra of Complex Molecules, (Chapman and Hall, Lon- 
don, 1977), 3rd Edition, Vol. 1, p. 150. 

[ 131 F. Ramirez and S. J. Dershowitz, J. Org. Chem., 22,41, (1957). 
[14] Crystal data: C,,H2,02PS, M = 496.6, monoclinic, CZ/c, a = 32.202(6), b = 8.895(2). 

c=18.888(4) A, p=111.58(2)", V=5031.0(18) A3, Z=8,  DX=1.311g 
k.(CuKa) = 1.54184 A, p = 1.95 m-', F(OO0) = 2096, T = 200K. Data collection and 
treatment: colourless crystal, size 0.50 x 0.60 x 0.75 mm, on glass fibre, Stoe-Siemens 
diffractometer, unit cell parameters from 2 8 values of 32 reflections (40-50") meas- 
ured at fo, data collection in d8 scan mode with on-line profile fittingt, 28,,, 130°, 
index ranges h -37 to 34, k 0 to 10, 1 0  to 22, no significant variation in intensities of 
three standard reflections, no absorption corrections, 4204 unique reflections meas- 
ured. Structure solution and refinement*:direct methods, least-squares refinement on 
F2 with weighting w-' = 02(F2)+1.5681P, where P=(F:+ZF:)/3 anisotropic dis- 

placement parameters, riding H atoms R ' = { C [ w ( F , - F , a ) a ] / C [ w ( F ~ ) * ] } ' ' 2  = 
0.1777, for all data, conventional R = 0.0628 for F values of 3855 reflections having 
F: >2a( F: ) , goodness of fit = 0.966 for all F2 values and 321 parameters, difference 

map features within +0.75e A-3. Full crystallographic details have been deposited at 
the Cambridge Crystallographic Data Centre. 
+W. Clegg, Acta Cryst., A37,22, (1981). 
k. M. Sheldrick, SHELXTL, Revision 5, Bruker AXS, Madison, WI, USA, 1994. 

[I51 S. Trippett and D. M. Walker, J. Chem. SOC., 3874, (1959). 
[I61 B. J. Dunne and A. G. Orpen, Acta Crystallogr, Sect C, 47,345, (1991); A. N. Chek- 

hlov, Kristallografiya, 38,79, (1993); J. Bruckmann, C. Kriiger and F. Lutz, Z. Natur- 
forsch., Ted B, 50,351, (1995). 

[ 171 T. A. Albright, W. J. Freeman and E. E. Schweizer, J. Am. Chem. Soc., 97,940, (1975). 
[IS] A. W. Johnson, W. C. Kaska, K. A. 0. Starzewski and D. A. Dixon, Ylides and Imines 

of Phosphorus, (J. Wiley & Sons, New York, 1993), Chap. 3. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
Sa

sk
at

ch
ew

an
 L

ib
ra

ry
] 

at
 1

3:
39

 1
3 

Ju
ne

 2
01

6 



230 CHRISTOPHER D. GABBUTT et al. 

[I91 H. Schmidbaur, W. Richter, W. Wolf and F. H. Kohler, Chem. Be<, 108, 2649, (1975); 
M. Schlosser, T Jenny and B. Schaub, Heteroatom Chem., 1, 151, (1990). 

[20] J. Barluenga, F. LBpez, F. Palacios and E Sbnchez-Fenando, J .  Chem. Soc. Perkin 
Trans 2, 903, ( 1  988). 

1211 W. C. Still, M. Khan and A. Mitra, J .  Org. Chem., 43, 2923, (1978). 
[221 C. D. Gabbutt, J.  D. Hepworth and B. M. Heron, Tefruhedron, 50,7865, (1994). 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
Sa

sk
at

ch
ew

an
 L

ib
ra

ry
] 

at
 1

3:
39

 1
3 

Ju
ne

 2
01

6 




