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'H NMR 6 1.05 (t, 3 H, J = 7 Hz), 2.26 (8,  3 H), 2.41 (q, 2 H, J 
= 7 Hz), 2.70 (m, 2 H), 3.05 (m, 2 HI], l-(acetylthio)-4- 
methyl-3-pentanone (6c) ['H NMR 6 1.11 (d, 6 H, J = 7 Hz), 
2.26 (8, 3 H), 2.40 (q, 1 H, J = 7 Hz), 2.73 (m, 2 H), 2.98 (m, 2 
H)], and 5-(acetylthio)3-pentanone (15)19 [bp 120-122 "C at 
12 Torr; 'H NMR 8 1.83 (t, 2 H, J = 7 Hz), 2.20 (s ,3  H), 2.38 (8, 
3 H), 2.56 (t, 2 H, J = 7 Hz), 2.86 (t, 2 H, J = 7 Hz)] were 
synthesized independently, following literature procedures. 
Comparison of these authentic materials with the cleavage 
products of the dioxetane decomposition reaction showed identical 
spectral and physical data. 

H202 Elimination Products from Allylic Hydroperoxides. 
24-Dimethylthiophene (7a)% ['H NMR 6 2.08 (s, 3 H), 2.26 (8, 
3 H), 6.70 (d, 1 H, J = 5 Hz), 6.90 (d, 1 H, J = 5 Hz)] and 
3-ethyl-3-methylthiophene (7b)" ['H NMR 6 1.08 (t, 3 H, J 
= 6 Hz), 2.25 (8, 3 H), 2.36 (q, 2 H, J = 6 Hz), 6.65 (d, 1 H, J = 
5 Hz), 6.82 (d, 1 H, J = 5 Hz)] were identified by their literature 
'H NMR spectra. 

Sulfoxides. The sulfoxides were prepared in analogy to a 
procedure described by Krug and Boewell.' Samples of 100 mmol 
of the thioenol ethers were dissolved in 40 to 50 mL of acetone 
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and cooled to 0 OC. An equimolar amount of HzO2 (30%) was 
slowly added to the solution so that the temperature never ex- 
ceeded 8 OC. After 50 h at 0 OC, the solvent was removed on a 
rotor-evaporator. The residue was extracted with chloroform and 
the organic layer was dried over MgSO,. Chloroform was removed 
on a rotor-evaporator and subsequently in vacuo at room tem- 
perature. Distillation of the sulfoxides at low pressure (lp Torr) 
yielded decomposition products only. 
4,5-Dimethyl-2,3-dihydrothiophene 1-oxide (5a): 'H NMR 

6 1.86 (8 ,  br, 3 H), 2.03 (8,  br, 3 H), 2.73 (m, 2 H), 3.36 (m, 2 H); 
IR 1650 (C=C), 1030 cm-' (S=O); UV (MeCN) A, = 260 nm. 
4-Ethyl-5-methyl-2,3-dihydrothiophene 1-oxide (5b): 'H 

NMR 6 1.08 (t, 3 H, J = 8 Hz), 2.01 (m, 3 H), 2.27 (q, 2 H, J = 
8 Hz), 2.70 (m, 2 H), 3.34 (m, 2 H); IR 1645 (C=C), 1020 cm-I 
(S=O); UV (MeCN) A,, = 262 nm. 
4-Isopropyl-5-methyl-2,3-dihydrothiophene 1-oxide (5c): 

'H NMR S 1.06 (d, 6 H, J = 7 Hz), 1.84 (m, 3 H), 2.79 (m, 2 H + CH(CH3)2), 3.10 (m, 2 H); IR 1640 (C=C), 1025 cm-' (S4); 
UV (MeCN) A, = 265 nm. 
5,6-Dimethyl-3,4-dihydro-2H-thiopyran 1-oxide (20): 'H 

NMR S 1.68 (8,  br, 3 H), 1.81 (8,  br, 3 H), 2.11 (m, 4 H), 2.84 (m, 
2 H); IR 1640 (C=C), 1020 cm-' (S=O); UV (MeCN) A, = 263 
nm. 

Supplementary Material Available: 'H NMR spectra of 
2a-q 3a, 4a, 9, and 15 and I3C NMR spectra of 2a-c (9 pages). 
Ordering information is given on any current masthead page. 
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The reaction of ethyl diazoacetate with l-(methylthio)-3,4-dimethylphosphole 1-sulfide (6) in refluxing xylene 
leads to the corresponding diene-carbene [2 + 11 cycloadduct 7. The stereochemistry of 7 was established by 
X-ray crystal structure analysis. Compound 7 is converted into 2-(ethoxycarbonyl)-4,5-dimethylphosphinine 
(4) upon reaction with triphenyl phosphite at 160 OC. On the basis of the X-ray data, the proposed mechanism 
includes the opening of the cyclopropane ring of 7 with selective phoephorus-assisted migration of the ethoxycarbonyl 
group. This kind of chemistry can be transposed to a 2,2'-biphosphole to prepare a 2,2'-biphosphinine. 

Surprisingly, the reaction of phospholes with diazoal- 
kanes has been the subject of only a few studies.1g In all 
cases, the reaction led to the corresponding homo- 
phospholes. In one instance, the thermal or photochemical 

methods for the conversion of phospholes into phosphi- 
nines have been described in the literature. When applied 

ArC(0)CI - - - Yik 
I (ral 5) v Ph (CHzPh) 
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[ 2+3 lcycloadducl 
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cleavage of the bicyclic system gave para-bridged six- 
membered ring dimers.' On the other hand, three 
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to reasonably accessible 2,2'-biphospholes,8vB none of these 
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methods provided the expected 2,!2'-bipho~phininea.~~ The 
reactions were probably blocked by steric hindrance of the 
bicyclic system. We were thus intereated in an alternative 
conversion technique, which would circumvent this limi- 
tation. We chose to reinvestigate the reaction of phos- 
pholes with diazoalkanes as a potential route to phos- 
phinines because we felt that this technique would be less 
sensitive to steric hindrance than those previously de- 
scribed. 

Results and Discussion 
In order to prevent a side reaction of the diazoalkane 

at  the phosphorus lone pair, we selected l-phenyl-3,4-di- 
methylphosphole l-sulfide (1)" as our substrate. The 
choice of a P-sulfide enabled easy reduction to the corre- 
sponding phosphine in a subsequent step of the conversion 
scheme. Besides, the corresponding oxide is not stable as 
a monomer.', The reaction of 1 with ethyl diazoacetate 
at room temperature afforded the expected [2 + 31 cy- 
cloadduct 2 (eq 1). The regioselectivity of the cyclo- 

Holand et al. 

1 2 ( 5 3 % )  

addition was established on the basis of the 13C NMR 
spectrum. The ethoxycarbonyl-substituted carbon appears 
at 161.58 ppm with a strong ,J(C-P) coupling of 22.9 Hz 
(DMSO-d6). The fl-carbon at the junction resonates at low 
field [S 86.0, 2J(C-P) = 13.4 Hz], confirming the presence 
of a CP-N bond. The 'H NMR spectrum shows a char- 
acteristic broad NH resonance at 6.65 ppm (CDCl,). The 
a-CH proton [S 3.80, 2J(H-P) = 5.5 Hz (CDCl,)] is only 
weakly coupled with phosphorus and, thus, is trans to the 
P-S bond.13 As expected, the regiochemistry is similar 
to that observed in the reaction of CH,N2 with 1- 
phenyl-3,4-dimethylphosph~le~ and the cycloaddition takes 
place at the less hindered side of the phosphole sulfide. 
When carrying out the reaction of 1 with ethyl diauxlcetate 
at  high temperature or when heating 2, elimination of 
nitrogen takes place and the new bicycle 3 is obtained (eq 
2). We assume that 3 has the same stereochemistry as 

3 &a 70%) 

7. This assumption is based upon the fact that the cou- 
plings within the P-CH-CH-C0,Et unit are similar in 
both compounds. As expected, the elimination of N2 takes 
place with retention of stereochemistry at  the junction. 
We, then, investigated in some depth the conversion of 3 

(8) Mathey, F.; Mercier, F.; Nief. F.; Fischer, J.; Mitschler, A. J.  Am. 

(9) Mercier, F.; Holand, S.; Mathey, F. J. Orgonomet. Chem. 1986,316, 
Chem. SOC. 1982,104,2077. 
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(10) 2,2'-Biphosphinines are the phosphorus analogues of 2,2'-bi- 
pyridines and might have impact in coordination chemistry. Only one 
other route to theae ligands has been reportad by our laboratory starting 
from 2-bromophosphinines, nee: Le Floch, P.; Cannichael, D.; R i d ,  L.; 
Mathey, F. J. Am. Chem. SOC. 1991,113,667. 

(11) The corresponding phosphole is easily prepared in high yield 
BrBque, A.; Mathey, F.; Savignac, P. Synthesis 1981,983. 

(12) The stability of monomeric l-phenyl-3,4-dimethylphosphole oxide 
is discussed in Quin, L. D.; Xia-Ping Wu. Heteroatom. Chem. In press. 

(13) Bentrude, W. G.; Setzer, W. N. In Phosphom-31 NMR Spec- 
troscopy in Stereochemical Analysie; Verkade, J. G., Quin, L. D., U s ;  
VCH Publishers: Deerfield Beach, 1987; pp -382. 

into phosphinine. Our assumption was that, since 3 is 
isomeric with a dihydrophosphinine sulfide, it could be 
converted into the corresponding phosphinine via reduc- 
tion and cleavage of the P-Ph bond with nickeL5 The 
reaction of 3 with nickel supported over silica indeed af- 
forded the 2-(ethoxycarbonyl)-4,5-dimethylphosphinine 
(4) together with the tervalent homophosphole 5 (eq 3). 

Ma 

(3)  + N~ meailvlene 
170*C,20h 

4 (u 15%) 6 h S  

The phosphinine 4 was characterized by a ,'P NMR res- 
onance at +202.5 ppm and the homophosphole 5 by a 
resonance at -5.2 ppm (toluene). The homophosphole was 
retransformed into its P-sulfide 3 by reaction with sulfur 
at room temperature, whereas the phosphinine 4 remained 
unaltered. Then, 4 was purified by chromatography. 
Alternatively, 3 was fmt reduced either by Bu,P or Zn/Hg, 
or alkylated at sulfur by methyl triflate and, then, reduced 
by NaHI4 to give 5, which was subsequently treated by 
nickel over silica. In both routes, the yield of 4 remained 
low however. Obviously, the weak point of this scheme 
was the cleavage of the P-Ph bond by nickel. We thus 
decided to investigate a similar route starting from the 
easily made l-(methylthio)-3,4-dimethylphosphole 1- 
sulfide (6).15 Upon heating, the reaction of 6 with ethyl 
diazoacetate directly led to the homophosphole 7 (eq 4). 

6 7 (75%) 

The precise stereochemistry of 7 was established by X-ray 
crystal structure analysis. The two most important points 
are that S1 and C5 (P=S and CC0,Et) are on the same side 
of the former phosphole ring and that CO,Et and P are 
on the opposite sides of the cyclopropane plane. The 
reaction of 7 with triphenyl phosphite (Zn/Hg or Ni/SiOz 
are less efficient) directly gave the phosphinine 4 in good 
yield (eq 5). Alternatively, 7 was first reduced into the 

7 2 PfCfhh 
1BOoC,2Oh 

4 (75%) 

tervalent homophosphole 8, which was converted to 4 by 
reaction with 1 equiv of triphenyl phosphite (eq 6). Since 

8 'SM. 

reaction of sulfur with 8 leads to pure 7,8 and 7 must have 
the same stereochemistry. The structure of the phos- 
phinine 4 was rather puzzling at first sight. Indeed, the 
ethoxycarbonyl substituent is now on the a carbon. This 
fact is unambiguously established by the strong 2J- 
(PCC0,Et) coupling of 24.6 Hz. Besides, the 'H NMR 
spectrum of 4 displays one a proton at 8.50 ppm [WH-P) 
= 39.7 Hz] and one P proton at 8.4 ppm [WH-P) = 3.5 
Hz]. All these data are compatible with those recorded 

(14) For a similar reduction of phosphine sulfides, see: Omelanczuk, 
J.; Perlikowska, W.; Mikolajczyk, M. d. Chem. SOC., Chem. Commun. 
1980, 24. 

(15) Holand, S.; Mathey, F.; Fischer, J. Polyhedron 1986, 6, 1413. 
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for phosphinine and 2-methy1pho~phinine.l~ Thus, during 
the conversion of 8 into 4, a migration of the ethoxy- 
carbonyl substituent necessarily took place. Since 8 and 
7 have the same stereochemistry, we explain this migration 
by an internal SN2 attack of the phosphorus lone pair onto 
the ethoxycarbonyl-substituted carbon, leading to the se- 
lective expulsion of the trans C02Et substituent (eq 7). 
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identical in both cases. The two possible stereoconfigu- 
rations at the phosphorus atoms explain the presence of 
two diastereomers as for 14. The reduction of 15 by tri- 
ethyl phosphite (triphenyl phosphite is less efficient in that 
case) finally gave a mixture of the expected 2,2'-bi- 
phosphinine 16 and the homophosphole-phosphinine 17 
(eq 12). The formation of 17 was clearly visible in the 31P 

Another attractive hypothesis was suggested by one of the 
referees. It involves a 1,4 sigmatropic rearrangement (six 
electrons, with retention at the migrating carbon) to form 
an ylide (eq 8). 

Oebels and Khmer2 have studied the reaction of dia- 
zomethane with the tervalent phosphole 9. The reaction 
of 9 with ethyl diazoacetate followed an unexpected path 
(eq 9). The dihydrophosphinine 10 was fully characterized 

I 
Ph 

I 
Ph Ph s'/ \ 

9 10 11 ( ~ ~ 8 5 %  overall) 

as ita P-sulfide 11. The ethoxycarbonyl substituent is in 
the /3 position as shown by the weak coupling between the 
carbonyl carbon and phosphorus [6 13C0 165.6, 3J(C-P) 
= 5.9 Hz]. Besides, one =CH-P and one -CH2P group 
are clearly visible in the 'H and 13C NMR spectra of 11. 
At the moment, we have no satisfactory explanation for 
the formation of 10 from 9. 

Having in hand a reliable two-step synthesis of 2-(eth- 
oxycarbony1)phosphinines from phosphole dithioesters 
such as 6, we decided to study its possible application to 
the preparation of a 2,2'-biphosphinine from a 2,2'-bi- 
phosphole. The available biphosphole 139 was first con- 
verted into the corresponding tetrathiodiester 14 via a 
classical route (eq 10). The diester 14 was obtained as Mm&E*Mom2J-J(-$ (10) 

P h P h  I I ,As- ,As- s'/'sw S'"Sh4, 

1 3  14 ka BOK overall) 

an inseparable mixture of two diastereomers. The reaction 
of 14 with ethyl diazoacetate then afforded the corre- 
sponding bihomophosphole 15 (eq 11). The cycloaddition 

€ 0 2 c ~ % € t  Mo MOM0 

" +"am ( 1 1 )  
s.'.,, s//p\QMo 

15 (65%)  

selectively takes place on the external double bonds of the 
two dienic systems. The 'H and 13C NMR parameters of 
15 are remarkably similar to those of 7 and thus, the 
stereochemistry of the three-membered rings is probably 

(16) &e, A. J., m, Sharp, R. R.; Tolan, J. W. J.  Am. Chem. SOC. 1976, 
98,5461. 

NMR spectrum of the reaction mixture [6 31P(17) +207.7 
and +41.5, V(P-P) = 7.3 Hz in CH2C1,]. The second 
ring-expansion reaction appears to be more difficult than 
the first one and, unfortunately, limits the overall yield 
of biphosphinine 16. The 'H, 13C, and 31P NMR param- 
eters of 16 are remarkably similar to those of the corre- 
sponding monophosphinine 4. The most notable difference 
is found for the carbons at the bridge (C2C2/) that resonate 
at very low field (13C 168.1 ppm). Some nonbonded steric 
interaction between the methyl groups at C ,  C3/ probably 
explains their shift to higher fields [6 (MeC3) 16.6 in 16 
vs 22.2 in 41. 

Experimental Section 
All reactions were carried out under a nitrogen or argon at- 

mosphere and chromatographic separations were performed on 
deoxygenated silica gel columns (70-230 mesh, Merck). Coupling 
constants are in hertz. 
2-Phenyl-4,5-dimethyl-8-(et hoxycarbonyl)-2-phospha-6,7- 

diazabicyclo[3.3.0]octa-3,7-diene 2-Sulfide (2). l-Phenyl- 
3,4-dimethylphosphole 1-sulfide (1,2.75 g, 1.25 X lo-' mol) and 
ethyl diazoacetate (4.14 g, 3.6 X lo-' mol) in toluene (1 mL) were 
allowed to stand for 45 days at  room temperature. The mixture 
waa then chromatographed with CHzClz as eluent. Evaporation 
of the solvent led to 2.15 g (yield 54%) of a solid, mp 225 "C. An 
analytical sample was purified by crystallization from ethanol: 
mp 235 OC dec; 31P NMR (CDCl,) 6 62.3; 'H NMR (CDCld b 1.30 
(t, 3 J ~ ~  = 7.1, 3 H, CH,), 1.52 (8,  3 H, C&H3), 2.09 (4, 'JHH = 
1.3, ' J H ~  = 2.1, 3 H, CI-CHB), 3.80 (d, 'JH~ = 5.5, 1 H, Ci-H), 4.31 
(4, 3 J ~ ~  = 7.1, 2 H, OCHz), 5.91 (dd, 'JHH = 1.3, ' J H ~  = 28.4, 1 
H, C3-H), 6.65 (br s, 1 H, N-H), 7.23-7.53 (m, 3 H, m and p 
aromatic H), 7.75-7.87 (m, 2 H, o aromatic H); 13C NMR 
(DMSO-da) b 14.57 (8,  CHJ, 16.79 (d, 'J = 17.5, Cs-CH,), 24.19 
(d, '5 = 15.3, CI-CHJ, 58.45 (d, '5 = 52.2, Ci), 60.30 (8 ,  OCHZ), 
81.23 (d, '5 = 13.4, Cb), 121.50 (d, 'J = 80.3, CJ, 134.08 (d, '5 
26.7, (281, 161.58 (d, '5 = 22.9, C,) 162.15 (8 ,  COz), aromatic C 
129.18 (d, 3J = 12.3, meta), 131.0 (d, '5 = 11.2, ortho), 132.32 (s, 
para), 133.25 (d, 'J = 43.6, ipso); mass spectrum m/z (re1 intensity) 
334 (M+, 85), 273 (M+ - N2 - SH, 100). Anal. Calcd for 

C, 57.59; H, 5.77; N, 8.47; P, 9.16; S, 9.33. 
2-Phenyl-4,5-dimethy1-6-(ethoxycarbonyl)-2-phosphabi- 

cyclo[3.1.0]hex-3-ene 2-Sulfide (3) A. A solution of 0.55 g (1.6 
X mol) of the diaza compound 2 in mesitylene (1 mL) was 
heated for 0.5 h at 160 OC. The mixture was then chromato- 
graphed twice with dichloromethane, leading to 0.35 g (yield 76%) 
of an oil; 31P NMR (CH2Cl2) b 60.5. 

B. To a solution of 3.76 g (2 X lo-' mol) of phenyldimethyl- 
phosphole sulfide 1 in 4 mL of xylene at  150 OC was added 2.75 
g (2.4 x lo-' mol) of ethyl diazoacetate in 5 min. The mixture 
was stirred for 1 h at  150 OC and then chromatographed, eluting 
with toluene and dichloromethane successively yield 4.2 g (69%); 

C~~H,J'JZOZPS: C, 57.47; H, 5.73; N, 8.38; P, 9.26; S, 9.59. Found: 

31P NMR (CDC13) 6 59.2; 'H NMR (CDC13) 6 1.26 (t, 'Jm = 7.1, 
3 H, CHS), 1.54 ( ~ $ 3  H, C&H3), 2.08 ( ~ , 3  H, CI-CHB), 2.19 and 
2.32 ( B X ,  3 c f ~  = 4.9, 3 J ~  = 13.7, C6-H; ' J H ~  13.0, Ci-H, 2 H), 
4.14 (4, 3 J ~  = 7.1, 2 H, OCHz), 5.40 (d, ' J H ~  = 29.5,l  H, Cs-H), 
7.52-7.83 (m, 5 H, C6H6); "c NMR (CDC13) d 12.08 (8, C&Ha), 
14.24 (s, CH3), 17.55 (d, 3J = 16.9, C4-CH3), 31.0 (d, 'J = 79.3, 

matic C), 162.65 (d, '5 = 13.2, C,), 162.34 (8, COz); mass spectrum 

CJ, 36.45 (d, "'5 = 2.8, CG), 42.39 (d, 'J 8.4, C5), 61.24 (a, OCH'), 
119.85 (d, 'J = 85.5, C3), 128.63, 131.05,131.91 and 132.62 (WO- 
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m/z  (re1 intensity) 306 (M+, 70), 188 (M+ - SCH - C02Et, 100). 
Anal. Calcd for Cl&leOzPS: C, 62.73; H, 6.25; P, 10.11; S, 10.46. 
Found: C, 62.92; H, 6.36; P, 9.95; S, 10.23. 
2-Phenyl-4,5-dimethy1-6-(ethoxycarbonyl)-2-phosphabi- 

cycl0[3.l.O]hex-3-ene (5). To a solution of 2.6 g (8.5 X 109 mol) 
of the homophosphole sulfide 3 in THF (25 mL) was added at 
0 "C 1.44 g (8.8 X W3 mol) of methyl trifluoromethyl sulfonate. 
The mixture was allowed to stand overnight at rmm temperature, 
giving a syrupy solution of the intermediate phosphonium com- 
pound (aP NMR in THF 6 70.2). The mixture was cooled to about 
-10 OC and 0.4 g of NaH (10-2 mol, 60% in mineral oil) was added 
in three aliquots. After 1 h of stirring at room temperature, a 
solution of 1 mL of dry ethanol in 15 mL of toluene was slowly 
added. The solvents were vacuum distilled and the residue was 
chromatographed twice, eluting with toluene leading to 1.7 g (yield 
74%) of a pale yellow oil: 31P NMR (CDClJ 6 -7.0; 'H NMR 
(CDClS) 6 1.23 (partially masked t, 'JHH = 7.1, CH3) and about 
1.27 (obscured m, C6-H; 4 H for the two signals), 1.49 (a, 3 H, 
CS-CH,), 2.01 (dd, ' J H ~  1.4, 'Jm = 1.3,3 H, C&H3), 2.16 (ddd, 
'JHp = 12.2, 'Jm = 5.2, 'JW = 13), 4.11 (ABX, 2 H, OCHZ), 5.52 
(dm, ' J H ~  = 41.7, 'JHH = 1.3, C3-H), 7.22-7.44 (m, 5 H, C&); 
"C NMR (CDClB) 6 13.22 (8,  C&H3), 14.16 (8, CH3), 17.37 (d, 
3J = 2.5, C4-CH3), 34.66 (d, 'J = 10.6, CJ, 35.01 (d, ' J  = 10.1, Ce), 
44.26 (d, 2J = 7.5, Cb), 60.3 (8, OCHZ), 122.86 (d, 'J = 13.8, CJ, 
156.69 (s, C4), 170.27 (8, C02), aromatic C 128.20 (d, J = 6.8, meta), 
129.16 (8, para), 132.55 (d, J = 20.0, ortho), 137.59 (d, J = 19.6, 
ipso); mass spectrum m / z  (relative intensity) 274 (M+, 30), 201 
(M+ - CO,Et, 100). A sample of the homophosphole 5 was re- 
converted to its sulfide 3 by heating for 10 min at 50 OC with 1 
equiv of sulfur in toluene; yield 85%. 
4,5-Dimethyl-2-(ethoxycarbonyl)phosphinine (4) A. A 

mixture of 4.45 g (1.6 x 10-2 mol) of the homophosphole 5 or 5.0 
g (1.6 X lo-' mol) of its sulfide 3 and 5.0 g of Ni powder on 10 
g silica in mesitylene (15 mL) was heated for 20 h at 170-160 OC. 
The reaction mixture was chromatographed, eluting with toluene, 
leading to 1.5-1.6 g of an oil containing the homophosphole (5, 
31P NMR in toluene, 6 -5.2), the phosphinine (4,6 205.8) in 
about the same proportions, and two or three very minor products. 
This mixture was heated for 5 min at 50 "C with 0.2 g of elemental 
sulfur to convert the homophosphole 5 into its sulfide. Chro- 
matography of the reaction mixture first with hexane to elute the 
excess of sulfur and then with hexane-toluene 1/1 led to 0.5 g 
of a pale yellow oil; 

mol) of the P-methylthio 
homophosphole sulfide 7 and 8.1 g (2.6 X lo-' mol) of triphenyl 
phosphite were heated for 20 h at 160 OC. The reaction mixture 
was then chromatographed first with hexane-20% toluene to 
eliminate the phosphite sulfide and then with toluene: yield 1.9 
g (76%) of a pale yellow oil; 31P NMR (CDC13) 202.5. Further 
purification of an analytical sample was performed by distillation 
in a Kugelrohr apparatus at 160-5 OC under 1.5 mm/Hg: 'H NMR 

8.40 (d, 3JHp = 3.5, C3-H), 8.50 (d, 2 J ~  = 39.7, C6-H, 2 H for the 

NMR (CDC13) 6 202.8. 
B. A solution of 3.6 g (1.3 x 

(CDCl3) 6 1.40 (t, 3 J ~ ~  = 7.1, 3 H, CH3), 2.38 (d, ' J H ~  = 3.5, 3 H, 
C&H3), 2.4 (8, 3 H, C,-CH3), 4.40 (9, 'JHH = 7.1, 2 H, OCHJ, 

two signals); 'V NMR (CDCl3) 6 14.40 (8, CH3), 22.18 (8,  C&H3), 
23.44 (d, 3J = 2.7, C&H3), 61.30 (8, OCHJ, 139.02 (9, C4), 139.43 
(d, Y = 13.9, Ca), 146.95 (d, ' J  = 13.7, CS), 154.44 (d, ' J  = 48.3, 
C2), 155.23 (d, J = 49.7, C6)p 168.25 (d, 2J = 24.6, CO,); mass 
spectrum m / z  (re1 intensity) 196 (M+, 45). Anal. Calcd for 
C1&13OzP C, 61.22; H, 6.68; P, 15.79. Found: C, 61.31; H, 6.86, 
P, 15.62. 

The P*I1 compound 8 heated under the same conditions with 
1 equiv of triphenyl phosphite gave the same results. The 
phosphinine was also obtained by heating the homophosphole 
sulfide 7 with zinc amalgam in mesitylene (15 h at 170 "C; yield 
60%) or with Ni powder on silica (lower yield). 
2-(Methylthio)-4,5-dimethyl-6-(ethoxycarbonyl)-2-phos- 

phabicyclo[3.1.0]hex-3-ene 2-Sulfide (7). To a solution of 5.7 
g (3 X lo-' mol) of the (methy1thio)phosphole sulfide 6 in 15 mL 
of xylene at 145 OC was added in 10-15 min 4.1 g (3.6 X 1V2 mol) 
of ethyl diazoacetate. The mixture was stirred for 1 h at the same 
temperature and then chromatographed. After elimination of 
byproducts with toluene, the homophosphole sulfide was eluted 
with a mixture of dichloromethane and toluene (80/20): white 
solid; yield 6.5 g (78%); mp 120 OC; 'H NMR (CDC13) 6 1.29 (t, 
'JHH 7.1,3 H, CH& 1.47 (s, 3 H, C5-CH3), 2.05 (pseudo t, 3 H, 
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CI-CHS), 2.15 and 2.37 (ABX A part, dd, '519 = 4.9, 2Jm = 13.5, 
1 H, C6-H; B part, dd, 3 J ~ x  = 12.8, 1 H, C1-H), 2.29 (d, ' J H ~  t 

14.3,3 H, SCHS), 4.14 and 4.20 (ABX3, 'J- = 10.7, 'JM and 'Jm 
= 7.1,2 H, OCHd, 5.40 (d, ' J H ~  = 31.1, C3-H); 'V NMR (CDC13) 
6 11.85 (d, ' J  = 2.1, CS-CHS), 14.20 (8, CH3), 14.40 (d, 2J = 4.5, 
SCHd, 17.50 (d, ' J  = 18.3, CI-CHB), 32.65 (d, 'J = 76.9, CJ, 37.40 
(d, ' J  = 4.5, C6), 41.33 (8,  C6), 61.34 (8,  OCHz), 119.29 (d, 'J 
85.0, Cd, 162.70 (d, 2J = 15.9, C4), 167.70 (d, 3J = 2.9, Cod; mass 
spectrum m/z (re1 intensity) 276 (M+, 601,171 (M+ - S - C02Et, 
100). Anal. Calcd for CllH1702PS2: C, 47.81; H, 6.20; P, 11.21. 
Found: C, 47.96; H, 6.20; P, 11.12. 
2-(Methylthio)-4,5-dimethyl-6-(ethoxycarbonyl)-2-phos- 

phabicyclo[3.1.O]hex-3-ene (8) was prepared under the same 
conditions as the homophosphole 5: yield 83%; pale yellow oil; 
31P NMR (CH,Cl.J 6 29.3; 'H NMR (CDC13) 6 1.16 and 2.25 (ABX 
A part, dd, 3 J ~  = 5.1, 'JHp = 4.2,l H, C6-H B part, 'Jm = 5.1, 
2JHp = 12.6, 1 H, C1-H), 1.26 (t, 'JHH = 7.1, 3 H, CH3), 1.45 (8,  
3 H, C&H3), 1.91 (d, ' J H ~  = 4.1, 3 H, SCHB), 2.0 (dd, 'JHp = 2.7, 
'Jm = 1.3,3 H, CI-CHJ, 4.13 (ABX3,2 H, OCH2), 5.32 (dd, 2JHp 

= 43.9, 'JHH = 1.3, 1 H, C3-H); 13C NMR (CDCl3) 6 11.35 (d, ' J  
= 12.8, SCHS), 12.16 (8, C&H3), 14.25 (8, CH3), 17.18 (8, C&H&, 
34.95 (d, 'J = 24.4, CJ, 36.22 (d, ' J  = 10.9, Ce), 43.74 (d, "+J = 
8.4, C5), 60.51 (8, OCHZ), 119.54 (d, ' J =  25.2, C3), 158.21 (8, Cs), 
169.11 (s, CO,); mass spectrum m/z (re1 intensity) 244 (M+, 15), 
171 (M+ - CO,Et, 100). A sample of the homophosphole 8 was 
reconverted to its sulfide 7 by heating with 1 equiv of sulfur in 
toluene: yield 90%; mixed melting point with an authentic sample 
of 7,119 OC. The compound 8 was also prepared by heating ita 
sulfide 7 for 1 h in refluxing toluene with 1.2 equiv of tributyl- 
phosphine. The crude product needed to be chromatographed 
three times and the yield was about 70%. 
4,5-Dimethyl-3-(ethoxycarbonyl)-l-phenyl- 1,g-dihydro- 

phosphinine (10) and 1-Sulfide (11). To a solution of 5.0 g (2.65 
X mol) of dimethylphenylphosphole 9 in xylene (6 mL) at 
155 OC was added in 5-10 min 3.63 g (3.2 X mol) of ethyl 
diazoacetate. The mixture was stirred for 1 h at the same tem- 
perature. After cooling, the solution was chromatographed, eluting 
with toluene leading to 5.8 g of an impure oil, which could not 
be, purified, decomposition occuring on the column: 31P NMR 
(CDC13) 6 -11.4; 'H NMR selected data (CDC13) 6 1.08 (t, 3 J ~ H  

C4 and CS-CH3), 2.43 and 2.65 (ABX, 'JHH = 13.1, 2 J ~  = 5.5,2 

Sulfide 11. A sample of the impure dihydrophosphinine 10 
was heated for 10 mn at 50 OC with about 2 equiv of elemental 
sulfur in toluene. The reaction mixture was then chromatographed 
first with hexane-toluene (1/1) and then with toluene-di- 
chloromethane (l/l): yield 80-85% of an oil; 3p NMR (CDCl,) 

= 7.1,3 H, CH3), 2.05 (d, JHH = 3.2) and 2.09 (d, JHp = 3.3, 6 H, 

H, CS-H~), 3.85 (9, 'JHH = 7.1, 2 H, OCHP), 6.35 (d, 2 J ~  = 39.6, 
1 H, Cz-H), 7.15-7.35 (m, 5 H, C6H5). 

6 44.9; 'H NMR (CDClS) 6 1.19 (t, 'JHH = 7.1,3 H, CH3), 1.99 (d, 
' Jw  = 2.5,3 H, C,-CH&, 2.12 ( ~ , 3  H, CI-CHJ, 3.01 and 3.09 (ABX 
A part, 'JHH = 13.5, ' J H ~  = 14.6; B part, 'JW = 13.5, 2JHp = 14.8, 
2 H, Ce-HZ), 4.08 (9, 3Jm = 7.1,2 H, OCHP), 6.15 (d, 'JHp = 31.2, 

(8, CH3), 14.56 (8 ,  C&H3), 18.0 (d, 3J = 17.9, CS-CH~), 40.6 (d, 
'J = 40.1, C&, 61.47 (8, OCHZ), 121.0 (d, ' J  = 82.0, Ci), 132.61 
(d, '5 = 12.7, C3), 146.66 (d, ' J  = 27.2, Cb), 154.41 (d, 'J 18.6, 

1 H, C2-H), 7.34-7.58 (m, 5 H, CeH5); I3C NMR (CDC13) 6 14.23 

C4-CH3), 165.6 (d, 3J = 5.9, COJ, aromatic C 128.3 (s, para), 128.6 
(s, meta), 129.2 (d, J = 4.0, ortho) and 134.2 (d, J = 79.0, ipso); 
mass spectrum m/z  (re1 intensity) 306 (M+, 40). Anal. Calcd for 

H, 6.40; P, 10.12; S, 10.25. 
3,3',4,4'-TetramethyI- 1,l'- bis(met hylt hio)-2,2'- bip hospholyl 

1,l'-Disulfide (14). To a solution of 3.5 g (9.3 X mol) of 
diphosphole 13 in dry THF (75 mL) was added at 0 OC about 0.4 
g of Li. After the mixture was stirred for 3 h at room temperature, 
excess Li was removed by filtration through glass wool and 0.45 
g of anhydrous NCl3 and 0.88 g of t-BuC1 were successively added 
at -10 "C. The reaction mixture was stirred for 0.5 h at the same 
temperature, and then 1.2 g (4.7 X mol) of S8 was rapidly 
added. The mixture was stirred for 30 min to complete the 
formation of the dithioanion (6 31P 69.5, single signal) and then 
2.7 g (1.9 x lo-* mol) of methyl iodide was added. After 30 min 
of stirring at room temperature, the solvent was removed under 
vacuum and the residue chromatographed first with toluene and 
then with dichloromethane: yield 2.8 g (80%) of a mixture of two 

C1$I,O~PS: C, 62.73; H, 6.25; P, 10.11; S, 10.46. Found: C, 62.98, 
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diastereoisomers; mp about 200 OC; 31P NMR (THF) 6 67.2 and 
67.7; 'H NMR (CDCl,) 6 1.96 (m, VHH = 0.5, 1.35 H, C3-CH3 A 
isomer), 2.03 (m, = 0.5,1.65 H, C3-CH3 B isomer), 2.12 (m, 
'JHg = 1.7) and 2.15 (m, 'JHP = 1.7,3 H; C4-CH3 A and B), 2.27 

(dm, bm = 33.4,0.45 H, Cs-H A); '9c NMR selected data (CDClJ 

A and B), 125.02 (pseudo t, 2J = 84.4, C,), 149.88 and 151.45 (m, 
C, A and B); mass spectrum m/z (re1 intensity) 378 (M+, 70), 331 
(M+ - SMe, loo), 299 (M+ - SMe - S, 50), 220 (M+ - 2SMe - 25, 
50). Anal. Calcd for C14HaZS4: C, 44.43; H, 5.33; P, 16.36; S, 
33.88. Found C, 44.67; H, 5.30; P, 15.98; S, 34.03. 

4,4',5,5'-Tetramethyl-2~-bis(methylthio)-6,6'-bis(ethoxy- 
carbonyl)-2,2'-diphospha-3,3'-bi[ bicyclo[3.l.0]hex-3-enyl] 
2f'Disulfide (15). To a solution of 2.0 g (5.3 X mol) of 
diphosphole disulfide 14 in xylene (10 mL) at  150 OC was added 
1.52 g (1.33 X lo-' mol) of ethyl diazoacetate over 10 min. The 
mixture was stirred for 1 h at 150 "C and then chromatographed 
first with dichloromethane and then with dichloromethane/ethyl 
acetate (80-20): yield 1.8 g (62%); mixture of two isomers; 31P 
NMR (xylene) 6 81.6 and 81.9. An analytical sample was re- 
crystallized in dichloromethane, leading to one of the diastereo- 
isomers: mp 224 "C; NMR (CDCld 8 80.5; 'H NMR (CDC13) 

(d, J H ~  = 14.6, 1.65 H, SCH3 B), 2.37 (d, 'JHP = 14.9, 1.35 H, 
SCH A), 6.02 (dm, 'JHP = 33.5, 'JHH 0.5,0.55, C5-H B), 6.14 

b 13.08 (8, CH3), 15.21 (d, '5 = 14.1) and 17.46 (d, '5 = 18.1, SCHS 

6 1.31 (t, 'JHH 7.1, CH3), 1.55 (8 ,  3 H, C&HS), 1.92 (pseudo 
t, 3 H, CI-CHJ, 2.30 (d, 'JH~ 14.4, SCHS), 2.05 and 2.46 (ABX 
A part, dd, 'JHH = 4.7, 'JHP = 13.2 , l  H, C8-H; B part, dd, 'JHH 

4.7, 2 J ~  = 12.5,l H,Cl-H),4.20 (ABX3, 2 H, OCHZ); '9C NMR 
(CDClJ 6 12.28 (8, S-CHd, 14.25 (8, CHd, 15.86 (8, C6-SCHJ, 16.40 
(d, 'J = 13.4, C&H3), 31.79 (d, 'J = 77.3, CJ, 37.55 (s, CB), 41.20 
(d, '5 = 3.6, Cs), 61.66 (8, OCHZ), 121.0 (dd, 'J = 82.7, 2J = 13.7, 
C3), 162.45 (dd, '5 = 25.4, 3J = 6.1, CJ, 167.58 (8,  CO,); mass 

spectrum m/z (re1 intensity) 550 (M+, 75), 503 (M+ - SMe, 100). 
Anal, Calcd for Czz H&P& C, 47.98; H, 5.86, P, 11.25; S, 23.29. 
Found: C, 47.73; H, 5.95; P, 10.96 S, 23.31. 

3,3',4,4'-Tetramet hyl-6,6'-bis(et hoxycarbonyl)-2,2'-bi- 
phosphinine (16). A mixture of 2.0 g (3.6 X mol) of the bis 
homophosphole sulfide 15 and 2.4 g (1.44 g X 10-2 mol) of triethyl 
phosphite was heated for 20 h at 150 "C. After cooling, the residue 
was twice chromatographed with toluene, leading to 0.85 g of a 
mixture of two products: the biphosphinine 16,6 (CHzC12) 
202.9, and the homophosphole-phosphinine 17,6 31P (CH'Cl') 
207.7 (d) and 41.8 (d), 3 J ~  = 7.3 Hz. This mixture was once more 
chromatographed with toluene, giving first 0.3 g (yield 21.5%) 
of the biphosphinine 16 NMR (CDC13) 6 202.6; 'H NMR 
(CDC13) 6 1.40 (t, 'JHH = 7.1, 6 H, CH,), 2.12 (8, 6 H, C3-CH3), 
2.50 (9, 6 H, C4-CH3), 4.41 (9, = 7.1, 4 H, OCHZ), 8.45 (s, 
2 H, C5-H); '9C NMR (CDC13) 6 14.35 (8, CH3), 16.61 (8, C&H3), 
23.35 (s, C4-CH3), 61.47 (8,  OCH'), 138.54 (pseudo t, C5), 140.42 
(pseudo t, C3), 144.97 (8, C4), 153.90 (AXX', 'J = 53.5, Cd, 168.10 
(pseudo t, C2), 172.10 (AXX', zJ = 21.4, Cod; mass spectrum m/z 
(re1 intensity) 390 (M+, 100). Anal. Calcd for CzoHu04Pz: C, 
61.54; H, 6.20; P, 15.87. Found C, 61.80; H, 6.39; P, 15.55.1 and 
then 0.2 g of a mixture of about 30% of the biphosphinine 16 and 
70% of the compound 17 ['H NMR (CDC13) 6 8.35 (d, 3J = 4.3, 
0.55 H, 17 Cs-H), 8.44 (a, 0.45 H, 16 C5-H); mass spectrum m/z 
(re1 intensity) 438 (17 M+, 701, 390 (16 M+, loo), 365 (17 M+ - 
CO,Et, go), 317 (16 M+ - COzEt, 3011. 

Supplementary Material Available: Structural report for 
7, including a description of data collection, atomic coordinates, 
anisotropic thermal parameters, bond lengths, and bond angles 
(7 pages). Ordering information is given on any current masthead 
page. 
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The details of the first nickel-catalyzed olefination of cyclic dithioacetals to form substituted styrenes and 
aryl-substituted 1,a-pentadienes are described. The reaction represents a new synthetic use of the dithioacetal 
functionality. Only nickel complexes catalyzed these cross-coupling reactions; palladium complexes displayed 
no catalytic activity under the reaction conditions employed. Selective coupling occurred. A mechanism for 
the reaction is proposed. The experimental evidence indicates that, in these nickel-catalyzed couplings, cyclic 
dithioacetals are more reactive than their acyclic analogues. This increased reactivity appears to be the result 
of maintaining the two sulfur atoms in close proximity to each other by the use of a short chain of methylene 
groups. 

The dithioacetal functionality was first described in 
1885.3 Since that time it has come to be considered a 
latent carbonyl or methylene g r o u ~ . ~ * ~  However, reports 
of the transformation of the dithioacetal functionality to 
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other functional groups have been In general, the 
dithioacetal functionality is relatively stable toward nu- 
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