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A repeat sulfurization of 2,2’-diisocyanobiphenyl with a 6 Registry No. -8, 33904-01-7 ; 3,4-dimethoxyform- 
molar excess of sulfur gave 2,2’-diisothiocyanatobiphenyl found anilide, 33904-02-8 2,4-dimethoxyphenyl isothio- 
in 67.2% yield by isolation from a silica gel column and 87.5% 
yield by gc (apparently there was additional reaction a t  1(30°). cyanate, 33904-03-9; 3,4-dimethoxyphenyl isothio- 
The Z-isocyano-Z‘-isothiocyanatobiphenyl was found in 10.2% cyanate, 33904-04-0; 2,2’-diisothiocyanatobiphenyl, 
yield by isolation from a silica gel column and was not detected 
by gc analysis of the product mixture. There was no recovered 33904-05-1; 2-iSOCY ano-2’-isothiocyanatobiphenyl, 
starting material. 33904-06-2. 
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The reactions of dimethylsulfonium cyclopentadienylide (I) with electrophiles and dienophiles have been at- 
tempted. Electrophiles such as acetyl chloride, benzenesulfonic acid anhydride, Vilsmeier reagent, and tri- 
ethyloxonium fluoroborate react with I to give acetyl-, benzenesulfonyl-, diformyl-, and ethyl-substituted 
derivatives of I, respectively. Dienophiles such as diethyl acetylenedicarboxylate, tetracyanoethylene, and 
chloranil react with I to afford the respective Michael addition products of I. From these reaction behaviors, 
an aromatic character of the five-membered ring in I has been discussed. 

Dimethylsulfonium cyclopentadienylide (I) is con- 
sidered to be the resonance hybrid of ylide structures 
A, B, and ylene structure C. Although I was first 
synthesized by Behringer’ in 1965, no reactions of I 
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I 
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have been reported so far except diazo coupling.’ It 
was suggested in our previous communication2 that the 
ylide structures predominantly contribute to the res- 
onance hybrid of sulfonium and phosphonium cyclo- 
pentadienylide on the basis of theoretical consider- 
ation of their electronic spectra. In  our other com- 
m u n i c a t i o n ~ ~ ~ ~  the reaction of triphenylphosphonium 
cyclopentadienylide (11) with electrophiles and di- 
enophiles were reported and it was found that electro- 
philic substitutions and Michael additions took place 
at  the 2 position of the five-membered ring in I1 with- 
out cleavage of the C-P bond. In  this paper we 
describe the reactions of I with electrophiles and 
dienophiles, and discuss which resonance structure 
(A, B, or C) plays an important role in the reaction. 

Results and Discussion 

Preparation of 1.-Though I was prepared by Behrin- 
ger, et aLll in 1965, their procedure afforded I in only 
a few per cent yield. We used N,N-dimethylform- 
amide as a solvent, and kept low temperature during 
the reaction. This improved procedure afforded I 
in considerably better yield (15-207,). 

(1) H. Behringer and F. Scheidl, Tetrahedron Lett., No. 22, 1757 (1965). 
(2) Z. Yoshida, K. Iwata, and S. Yoneda, zbzd.,  1519 (1971); K. Iwata, 8. 

Yoneda, and Z. Yoshida, J .  Amer. Chem. Sac., 98, 6745 (1971). 
(3) Z. Yoshida, 8. Yoneda, H. Hashimoto, and Y. Murata, Tetrahedron 

Lett., 1523 (1971). 
(4) Z. Yoshida, 8. Yoneda, Y. Murata, and H. Hashimoto, zbid., 1527 

(1971). 

Reactions of I with Electrophiles. -The treatment of 
I with acetyl chloride, benzenesulfonic acid anhydride, 
Vilsmeier reagent, and triethyloxonium fluoroborate 
yielded 2-acetyl (111), 2-benzenesulfonyl (IV), 2,5- 
diformyl (V), and 2-ethyl (VI) derivatives of I, re- 
spectively. In  the ir spectra of I11 and V, the carbonyl 
stretching vibrations were found at  1580 and 1630 
cm-l respectively. These shifts to lower wave 
numbers are attributed to the delocalization of the 
negative charge of the five-membered ring to the car- 
bonyl oxygen atom. Since the delocalization of the 
negative charge generally stabilizes the five-membered 
ring, the derivatives whose substituents have electron- 
withdrawing nature, such as acetyl, benzenesulfonyl, 
and formyl, are more stable than I and the ethyl 
is less stable5 than I. The position of substitution was 
determined by the nmr spectrum of each derivative 
of I. The signal for five-membered ring protons of I 
appears as an AA’BB’-type multiplet centered a t  r 
3.8 (4 H) and the exact chemical shifts and the coupling 
constants were obtained by simulating the spectrum.6 
The part in the lower field of the signal is assigned to 
the protons at  2,s positions and the part in the higher 
field to the protons at  3,4 positions, as similarly in the 
case of 11. The nmr spectrum of I11 exhibited three 
multiplets of equal area (1 H) centered at  r 3.0 (doublet 
of doublets, J = 3,8, 2.3 Hz), 3.5 (doublet of doublets, 
J = 3.8, 2.3 Hz), and 3.9 (t, J = 3.8 Ha), which are 
assigned to cyclopentadienyl ring protons. Among 
these three peaks, one is nearly in the same position 
as that in I and the other two peaks shift downfield 
from the cyclopentadienyl ring proton in I. This is 
well interpreted if the acetyl group is attached to the 
2 position7 of I ;  ie., two electron-withdrawing sub- 
stituents (dimethylsulfonium and acetyl) make two 

(5) VI decomposes within 2 or 3 days under nitrogen atmosphere, whereas 

(6) Z. Yoshida, 9. Yoneda, and M. Hazama, Cham.. Common., 716 (1971). 
(7) Rationalization of 2 substitution was discussed in the previous publi- 

Lloyd0 also mentioned the substitution of the 2 position of the 

(8) Z. Yoshida, S. Yoneda, and Y. Murata, unpublished (to be submitted 

(9) D. Lloyd and M.  I. C. Singer, Chem. Ind. (London), 786 (1971). 

I does not decompose for about 1 month even in the air. 

cations.aa8 
cyolopentadienyl ring of 11. 

to J .  Ore. Chem.). 
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SCHEME I 
REACTIONS OF 1 WITH ELECTROPHILES AND DIENOPHILES 
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protons (3 and 6 positions) shift to lower field. More- 
over, the peak (H4) resonanced in the highest field was 
split equally by Ha and Hj ( J  = 3.8 Hz) to a triplet, 
and lower peaks (Ha, H5) was split with each other 
( J  = 2.3 He) a,nd by H4 ( J  = 3.8 Hz) to a doublet 
of doublets. The same tendency was also found in 
the nmr spectra of IV. This assignment is supported 
by analogy to the case of phosphonium cyclopenta- 
dienylide. The proton signal for the five-membered 
ring of the p-nitrophenylazo derivative of I1 resembles 
closely those of I11 and IV. The substituted position 
of the p-nitroplienylazo derivative of I1 was exper- 
imentally confirmed by Ramirez'O to  be the 2 position. 

On the other hand, the signal for the five-membered 
ring protons of VI exhibited a multiplet centered at  
T 3.8 (3 H), in which the intensity diminished by one 
proton in the part of lower field. This tendency mas 
also found in alkyl derivatives of 1I.l' Since the ethyl 
group scarcely disturbed the electronic state of the 
five-membered ring, the decrease of the intensity in 
the lower part indicates that the 2 position was sub- 
stituted by the ethyl group. 

The Reactions of I with Dienophiles. -Upon treat- 
ment of I with diethyl acetylenedicarboxylate, the 1 : 1 
adduct (VII) was obtained. The nmr spectrum of VI1 
showed a vinyl proton at T 4.1 (8,  1 H), five-membered 
ring protons centered at  T 3.6 (m, 3 H), and signals cor- 
responding to two nonequivalent ethyl groups, methy- 
lene protons a t  T 5.6 (9, 2 H) and 5.8 (q, 2 H), and 
methyl protons a t  T 8.6 (t, 3 H) and 8.7 (t, 3 H). 

(10) F. Ramirez and S. Levy, J .  Amer. Chem. SOC., 79, 6167 (1957). 
(11) The alkyl derimtives of I1 have been recently prepared in our lahora- 

tory. The results will he published elsewhere. 
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These nmr data indicate that VI1 is the Michael addi- 
tion reaction product as presented in Scheme I. Xo 
'evidence for Diels-Alder reaction was observed. 

When I was treated with tetracyanoethylene in the 
absence of a base, a 1 : 2  Michael addition product 
(VIII) was obtained, while in the presence of thi- 
ethylamine only a 1 : 1 adduct (IX) was obtained. The 
difference in reaction product in the absence and in the 
presence of triethylamine is interpreted as follows. 
When no base mas used, before the elimination of hydro- 
gen cyanide from the 1: 1 adduct, another molecule of 
tetracyanoethylene easily added to the 1 : 1 adduct, 
followed by elimination of hydrogen cyanide to give 
the bistricyanovinyl derivative of I. On the other 
hand, when triethylamine was used as a base, the 
elimination of hydrogen cyanide immediately would 
occur before another addition of tetracyanoethylene 
to the 1 : 1 adduct. Consequently, the further addition of 
tetracyanoethylene should be excluded, because a large 
electron-withdrawing nature of the tricyanovinyl group 
deactivates the five-membered ring. 

The reaction of I with chloranil a t  5" gave Michael 
addition reaction product X, blue crystals. Its nmr 
spectrum contains a singlet a t  T 3.17 (2 H, cyclo- 
pentadienyl), clearly indicating that X is the 1:2 ad- 
duct of I and chloranil. 

Through the reactions of I with dienophiles evi- 
dence for Diels-Alder reaction was not obtained, but 
the products isolated were Michael addition reaction 
products. 

All the reactions of I with electrophiles and di- 
enophiles are summarized in Scheme I. In  the com- 
parison of dimethylsulfonium cyclopentadienylide with 
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triphenylphosphonium cyclopentadienylide, the former 
is considered likely to be more reactive than the latter, 
because I reacts with electrophiles and dienophiles 
under much more mild conditions than 11. In sum- 
mary from the results, it can be concluded that I has an 
aromatic character; that is, the structure A predom- 
inantly contzibutes to the resonance hybrid of I. The 
aromatic character of the five-membered ring in I has 
been also supported by the n-bond orders (P23 and 
estimated from the vicinal coupling constants. The 
r-bond orders of 0.71 and 0.56 for P23 and PS4 calculated 
from the J,,, - P,, relation proposed by Smith, et a1.,12 
are clearly within the aromatic range.6 

Experimental Section 
Spectra.-All ultraviolet spectra were taken on a Hitachi 

EPS-3T recording photometer. All infrared spectra were re- 
corded on a Hitachi grating infrared spectrophotometer, Model 
215. All nmr spectra were recorded with a J N M  C-6013 nmr 
spectrometer in deuteriochloroform with tetramethylsilane as an 
internal standard. 

Dimethylsulfonium Cyclopentadienylide (I).-To a stirred 
solution of 100 g (1.5 mol) of cyclopentadiene in 300 ml of AT,N- 
dimethylformamide (UMF) was added 240 g (1.5 mol) of bromine 
a t  -.io t'o -30" within 1 hr and the mixture was stirred for an 
additional 1 hr at this temperature. To the solution, 186 g (3 
mol) of dimethyl sulfide in 200 mi of DMP was added below 
-30". The orange-yellow colored solution was allowed to 
stand at, 0" for 24 hr. The sulfonium salt precipitated was 
filtered arid poured into 200 ml of water. Aft.er decolorization 
with charcoal, the mixture was made alkaline with 2OYo aqueous 
sodium hydroxide and a crude product separated was recrystal- 
lized from benzene to give 29 g (15.3%) of colorless needles: mp 
134'; uv max (methylene chloride) 283 mp (e 1.15 X lo4); ir 
(KBr) 3050, 2980, 2900, 1430 (s), 1420 ( s ) ,  1400 ( 6 )  1340, 1320, 
1220, 1200 (J),  1190 (s),  1040, 1030, 1020, 980 (s), 710 cm-l 
(these infrared absorption bands are characteristic of the deriva- 
tive of I) ;  nmr (CDC13) T 3.8 (m, AA'BB', J S 3  = 3.9, J34 = 
2.8, J24 = 2.1, J 2 :  = 1.9 Hz, 4 H, ring), 7.4 is, 6 H ,  SCH,). 

Dimethylsulfonium 2-Acetylcyclopentadienylide (III).-To a 
cooled solution of 1.26 g (0.01 mol) of I dissolved in 50 ml of 
methylene chloride was added 0.785 g (0.01 mol) of acetyl chlo- 
ride a t  -10" under nitrogen atmosphere, and the mixture was 
stirred for 6 hr a t  - 10'. The reaction mixture was washed with 
water and dried over calcium chloride, and the solvent was re- 
moved under reduced pressure. The residue was chromato- 
graphed on alumina and I11 was obtained as colorless needles 
(70 mg, 4.2% yield): rnp 150'; ir (KBr) I580 cni-1 (PC-0) ;  
nmr (CDC13) T 3.0 (doublet of doublets, J = 3.8, 2.3 H z ,  1 H ,  
ring), 3.5 (doublet of doublets, J = 3.8, 2.3 He, 1 H ,  ring), 3.9 
( t ,  1 H ,  ring), 6.95 (s, 6 H, s c & ) ,  7.6 (s, 3 H ,  COCHa). 

Anal. Calcd for CSH,~OS: C, 64.23; H ,  7.14; 0, 9.52; 
S, 19.05. Found: C,  64.49; H, 7.25; 0 , 9 3 3 ;  S, 18.92. 

Dimethylsulfonium 2-Benzenesulfony1cyclopentadienylide 
(l'V).-To a stirred solution of 1.26 g (0.01 mol) of I dissolved 
in 50 ml of methylene chloride was added a solution of 3 g (0.01 
mol) of beneeiiesulfonic acid anhydride in methylene chloride a t  
room temperature under nitrogen at'mosphere. Aft'er stirring 
for an additional 2 hr, the reaction mixture was neutralized with 
.?yo aqueous sodium hydroxide, extritcted with methylene chlo- 
ride, dried over calcium chioride, and concentrated under reduced 
pressure. The residual oil was chromatographed on alumina, 
and 150 mg (5.6%) of IV was obtained as pale yellow needles: 
mp 164-163'; uv max (acetonitrile) 262 m p  (e 8.2 X lo3) ,  292 
(1.02 X lo3); ir (KBr) 1340, 1320 ( v a s  SOZ), 1140 cm-l (v.  SO%); 
nmr (CDC13) T 2.3 (m, 2 8, phenyl), 2.8 (m, 3 H ,  phenyl), 3.2 
(doublet of doublets, J = 3.8, 2.3 Hz, 1 H ,  ring), 3.5 (doublet of 
doublets, J = 3.8, 2.3 Hz, 1 H ,  ring), 3.8 (t, J = 3.8 HZ,  1 H ,  
ring), 7.1 (s, 6 H,  SCH3). 

Anal. Calcd for C13H14S20z: C, 58.65; H ,  5.26; S, 24.06; 
0,12.03. Found: C, 58.71; H,  5.84; S,23.77; 0, 11.98. 

Dimethylsulfonium 2,5-Diformylcyclopentadienylide (V).- 

(12) W. B. Smith, 17. H. Watson, and S. Chirsnjeevi, J .  Amer. Chem. 
Soc. ,  89, 1438 (1967). 

The Vilsmeier reagent was prepared as follows. To 10 ml (0.13 
mol) of N,N-dimethylformamide was added 1.2 ml (0.024 mol) 
of phosphorus oxychloride a t  - 10 to  - 15' under nitrogen at- 
mosphere, and the temperature was elevated to 5' .  To this 
solution, 1.26 g (0.01 mol) of I was added slowly maintaining the 
temperature a t  - 10 to - 15', and the mixture was stirred for 1 
hr a t  0'. The reddish precipitate that separated was filtered, 
shaken with aqueous potassium perchlorate solution, and made 
alkaline with 50% aqueous sodium hydroxide, The mixture was 
extracted with methylene chloride and the extract was dried, 
concentrated, and chromatographed on alumina to give 180 mg 
(4.4%) of V as pale brown needles: mp 159-160'; uv Max 
(acetonitrile) 263 mp (e 1.93 X lo4), 326 (6.85 X lo3); ir (KBr) 
1630 cm-l (vc-0) ;  nmr (CuCL) T 0.50 (5, 2 H ,  CHO), 2.8 (s, 
2 H, ring), 6.95 (s ,6  H ,  SCH3). 

Anal. Calcd for C~HIOOZS: C, 59.31; H,  5.53; S, 17.59. 
Found: C, 59.49; H ,  5.61; S, 17.68. 

Dimethylsulfonium 2-Ethylcyclopentadienylide (VI).-TO a 
stirred solution of 1.26 g (0.01 mol) of I in 50 ml of methylene 
chloride was added 2.0 g (0.0105 mol) of triethyloxonium fluoro- 
borate a t  O " ,  and the mixture wab stirred for 1 hr a t  this tem- 
perature. The reaction mixture was then neutralized with 5% 
aqueous sodium hydroxide and extracted with methylene chloride. 
The extract was, after removal of the solvent, chromatographed 
on alumina to give 50 mg of brown precipitate (VI). Elemental 
analysis of VI was impossible to carry out because of its in- 
stability. This material showed ir (KI3r) 3080, 3000, 2900, 
2880, 2860, 2840 cm-I (vCHa, v c x l ) ;  nmr (CDC13) T 3.80 (m, 
3 H ,  ring), 7.30 (s, 2 H ,  SCH3), 7.30 (q, 2 H ,  J = 7.5  Hx, CH2), 
8.80 (t,  3 H, J = 7.5 Hz, CH3). These spectral data clearly 
indicate V I  to be the morioethyl derivative of I. 

Dimethylsulf onium 2-( 1,2-Dicarbethoxyviny1)cyclopentadienyl- 
ide (VII).-To a stirred solution of 1.0 g (7.95 mmol) of I: in 30 ml 
of methylene chloride was added 1.45 g (7.95 mmol) of diethyl 
acetylenedicarboxylate a t  6' under nitrogen atmosphere. After 
stirring for 1 hr a t  this temperature, the reaction mixture was 
concentrated under reduced pressure and chromatographed on 
alumina, and VI1 was obtained as yellow crystals (2.15 g, 88.7y0 
yield): mp 50"; uv max 390 mp (e 1.65 X 104); ir (KBr) 
1720, 1680 (uc-o) ,  1560 ( vc -c ) ,  1480, and 1140 cm-1, nmr 
(CDCla) T 3.60 (m, 3 H, ring), 4.10 (9, 1 H ,  vinyl), 5.60 (q, 2 
H ,  J = 7.5 Hz,  CHI), 5.80 (9, 2 H ,  J = 7.5 Hz, CHz), 7.27 
(s, 6 H ,  ScI<a), 8.62 (t, 3 H ,  J = 7.5 Hz, CHa), 8.70 (t,  3 I-I, J = 
7.5 Hz, CHI). 

Anal. Calcd for C16H2~O4S: C, 60.79; H ,  6.80; 0, 21.59; 
S, 10.82. Found: C,60.23; H ,  7.08; 0,21.65; S, 10.52. 

Dimethylsulfonium 2,s-Bis(tricyanoviny1)cyclopentadienylide 
(VIII).-To a stirred solution of 1.0 g (7.95 mmol) of I in 50 ml 
of tetrahydrofuran was added 1.01 g (7.95 mmol) of tetracyano- 
ethylene in tetrahydrofuran a t  5" under nitrogen atmosphere. 
After stirring for 3 hr a t  this temperature, the reaction mixture 
was concentrated under reduced pressure and chromalographed 
on alumina to afford 202 mg (7.8% yield) of red crystals (VIII): 
mp 220'; uv rnax (chloroform) 308 mp (e 1.07 X lo4) ,  322 (9.85 
x loa), 404 (3.12 x l O 4 ) ,  and 524 (6.00 X lo4); ir (KBr) 2200 
(UCO),  1500 (uc-c), 1300 cm-1; nmr (DMSO-ds) T 2.20 (m, 2 H, 
ring), 6.70 (s, 6 H,  SCH3). 

Anal. Calcd for C17HsNeS: C, 62.18; 11, 2.46; Ti, 25.59; 
S,9.76. Found: C,61.95; H ,  2.53; N,25.42; S,970. 

Dimethylsulf onium 2-Tricyanovinylcyclopentadienylide (IX) .-- 
To a stirred solution of 1.0 g (7.96 mmol) of I and 8.1 g (7.95 
mmol) of triethylamine in 50 ml of tetrahydrofuran was added 
1.01 g (7.95 mmol) of tetracyanoethylene in tetrahydrofuran a t  
5" under nitrogen atmosphere, and the mixture was allowed to 
stir a t  this temperature for 3 hr. The reaction mixture was 
Concentrated under reduced pressure and chromatographed on 
alumina to yield 240 mg (13.3%) of orange crystals (IX): mp 
205O; uv max (chloroform) 260 mp (e 2.18 X lo?), 428 (2.07 X 
lo"), and 458 (2.79 X lo4); ir (KBr), 2200 (YCN),  1530 (PC-C), 
1380, 950 cm-l; nmr (DMSO-&) r 3.10 (m, 3 T I ,  ring), 6.90 
(9, 6 H,  SCHp). 

Anal. Calcd for CI2H~N3S: C, 63.43; H ,  3.99; N ,  18.49; 
S, 14.11. Found: C,63.33; H,4.00; Ti, 18.79; S, 14.20. 

Preparation of X.-To a stirred solution of 1.0 g (7.95 mmol) 
of I in 50 ml of methylene chloride was added 1.95 g (7.95 mmol) 
of chloranil ak 5" under nitrogen atmosphere. After stirring a t  
this temperature for 2 hr, the reaction mixture was concentrated 
under reduced pressure and chromatographed on alumina to give 
145 mg (8.170 yield) of blue crystals: mp 330' dec; uv max 
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(chloroform) 281 mp (e 4.10 x L O 4 ) ,  630 (6.20 X 10’); ir (KBr) 111, 33834-93-4; IV, 33530-74-9; V, 33530-75-0; VI,  
1680, 16.50 ( v c - ~ ) ,  1330 ( Y C = C ,  1110 cm-’; nmr (CDC13) 7 3.17 33830-76-1; VII, 33830-77-2; VIII, 33830-78-3; Ix, 
( s ,  2 H ,  ring), 7.00 ( 5 , 6  H ,  SCR3). 

Anal. Calcd tor C1gH804SC16: C, 41.87; €1, 1.48; 0, 
Acknowledgment. -We wish to thank Messrs. T.  11.74. Found: C, 42.87; H, 1.61; 0,  11.23. 

Registry No.-I-B, 29164-15-6; I-C, 25158-32-1; Yato and Y. Kumada for their technical assistance. 

33830-79-4; X, 33830-80-7. 
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Sulfenyl chlorides condense exothermically with 1,3,2-dioxaphospholenes to form a-chloro-@-keto sulfides in 
The exact nature and number of products depend on the structure of the 1,3,2-dioxaphosphospholene. high yield. 

Several mechnnitms were considered and the “sulfenium chloride” pathway is favored. 

Trivalent phosphorus compounds are known to re- 
act with a-dicarbonyl derivatives to form 1: 1 adducts 
which have been shown to be substituted 1,3,2-dioxa- 
phospholenes 3.233 These adducts undergo a n-ide 

R. .R 

R 
3 

R R‘ R R‘  
l a  C6Hj 2a CH,O 3a CH30 CsHj 
l b  CH3 2b (CH3)J  3b (CH3)zN CsHj 

3~ CHI0 CHa 
3d (CH3)aN CEI3 

variety of reactions which are of both synthetic and 
mechanistic interest. For cxample, the reactivity of 
1 : 1 dicarbonyl-phosphine adducts toward electrophilic 
centers is attested by their ready condensation with 
bromine, 4a carbonyl compounds, 4h acid ~ h l o r i d e s , ~ ~  iso- 
c y a n a t e ~ , ~ ~  and ketene.le We wish to  report that the 
1 : 1 dicarbonyl-phosphine adducts condense exother- 
mically with a variety of sulfenyl  chloride^.^ The 
nature and the number of final products depend on the 
type of 1 : l  adduct used. This paper describes the 
scope and mechanism of the condensation. 

:Results and Discussion 
I n  this investigation, benzil (la) and biacetyl (lb) 

were allowed to react with trivalent phosphorus com- 
pounds trimethyl phosphite (2a) and tris(dimethy1- 

(1) Holder of National Research Council of Canada Scholarship, 1967- 
1970. 

(2) (a) L. D. Quinn, G .  Pfundt, and G .  0. Schenk, in “1,4 Cycloaddition 
Reactions,” J. Hamei, Ed . ,  Academic Press, New York, N. Y., 1967, pp 
83-96, 379-388. (b) 17. Rarnirez, Pure B p p l .  Chem., 9, 337 (1964), Bull. 
Soc. Chim. Fr., 2443 (1966), Accounts Chem. Res. ,  1, 168 (1968). (0) F. 
Ramirez, S. L. Glaser, A. J. Bigler, and J. F. Pilot, J .  Aner. Chem. Soc., 91, 
496 (1969). (d) F. Ramiree, 4. V. Patwardhan, H. J. Kugler, and C. P. 
Smith, Tetrahedron Lett., 3063 (1966). (e) Some adducts of (iSfezN)aP 
with diketones exist in the phosphonium enolate form.2d 

(3) Throughout this paper substituted 1,3,2-dioxaphospholenes will be 
referred to as 1 : 1 dicarbonylphosphine adducts. 

(4) (a) F. Ramirez and N. E. Deaai, J .  Amer. Chem. SOC., 83, 2652 (1960); 
(b) F. Ramirez, A. V. Patmardhan, and C. P. Smith, J .  Org. Chem., 31, 3159 
(1966); (c) F. Ramirez, S. E. Bhatia, A. J. Bigler, and C. P. Smith, i b i d . .  
33, 1192 (1968); (d) F. Ramirez, S. B. Bhatia, and C. P. Smith, J .  Amer. 
Chem. Soc., 89, 3030 (1967); (e) ibid. ,  89, 3026 (1967). 

( 5 )  A preliminary asocount of this work has been published: D.  Ti. Harpp 
and P. Mathiaparanam. Tetrahedron Lett., 2089 (1970). 

amino)phosphine (2b). Of the four possible 1:l 
adducts, 3a-c were prepared according to  reported 
procedures.612d In our hands, the preparation of the 
1 : 1 biacetyl-tris(dimethy1amino)phosphine adduct (3d, 
R’ = rile, R = SMe2) was not successful; only a 
black tarry product was obtained. 

Adduct 3a reacted with a variety of sulfenyl chlo- 
rides 4 to give a-chloro-S-keto sulfides 5 and trimethyl 
phosphate 6 according to the following equation.’ 

Ph 

3a + R”SC1 --+ PhCOhSR” + (h1eO)d?=O 

6 
d l  

4 5 

The yields and relevant data of the a-chloro-6-keto 
sulfides 5 are summarized in Table I. 

The progress of this condensation was monitored by 
nmr. As the addition of sulfenyl chloride progressed, 
the doublet a t  7 6.35 ( J  = 13 Hz; OCH3 of 3a) dimin- 
ished in intensity as the doublet a t  T 6.30 increasingly 
appeared. Once the addition of sulfenyl chloride was 
over, the doublet a t  T 6.35 had disappeared completely. 
Trimethyl phosphate was identified by gas chro- 
matography (glpc). The formation of the products 
appears to be quantitative, although isolated yields 
are somewhat lower. 

The infrared spectra of the a-chloro-0-keto sulfides 5 
all show a carbonyl band a t  1685 cm-l. The methylene 
protons a to sulfur in 5d, 5e, and 5f are observed to  be 
diastereotopics even though they are separated from 
the asymmetric center by a sulfur atom. The methy- 
lene protons of 5e (R” = CH3CH2) were a complex 
multiplet, thus indicating ABX3 rather than AzX8 
splitting. In  the case of 5d (R” = PhCH,) and 5f 
(R” = CH2CO2;1Ie), AB quartets with coupling con- 
stants 12 and 16 He, respectively, were observed. 
These values indicate that the AB quartet was derived 
from vicinal coupling.9 

(6) F. Ramirez and Ti. B. Desai, J .  Amer. Chem. Soc., 36,3252 (1963). 
(7) Adducts such as 3a mere prepared in situ and dissolved in a suitable 

solvent (carbon tetrachloride, benzene, or methylene chloride). The color 
change (discharging of the red sulfenyl chloride) during the addition of sul- 
fenyl chloride mas used to  follow all the reactions studied. 
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