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Reactions of an a-phosphono-y-butyrolactone carbanion with aldehydes, ketones, heterocumulenes, and nitro- 
sobenzene gave n-ylidene-y-butyrolactones and a-anilino-y-crotonolactone in good yields. 

Phosphono carbanions bearing an electron-withdrawing 
substi tuent on the carbon a to the phosphorus function are 
useful reagents for olefin synthesis.1 As an extension of this 
phosphonate olefin synthesis, we have investigated the 
reactions of an a-(0,O-diethy1phosphono)-y-butyrolactone 
carbanion ( 1 ) 2  with aldehydes, ketones, heterocumulenes, 
and nitrosobenzene. 

T h e  phosphonate carbanion 1 easily reacted with benzal- 
dehyde to  give only a - t rans-  benzylidene-y-butyrolactone 
(2) in almost quantitative yield, regardless of the reaction 
temperatures employed. T h e  structure of 2 was determined 
as follows. The  nmr spectrum (CDC13) of 2 shows 0-methy- 
lene (d-t, 2 H), y-methylene (t, 2 H ) ,  phenyl (s, 5 H), and 
olefinic protons (t, 1 H) a t  d 3.10, 4.45, 7.30, and 7.40, re- 
spectively. Although it is anticipated that  the olefinic pro- 
ton of the trans isomer would be observed downfield from 
the corresponding proton of the cis isomer, with the above 
data  alone we cannot determine whether 2 is the t rans  or 
cis isomer. However, a change of solvent from CDC1:I to  
benzene-& produced a downfield shift of 0.20 ppm for the 
olefinic proton of 2, whereas other protons suffered upfield 
shifts of 0.30-1.10 ppm. This  result suggests tha t  the ole- 
finic proton is situated a t  the cis position to  the carbonyl 
group.:' Therefore, the structure was determined to  be a- 
trans- benzylidene-y-butyrolactone. 

Reactions of 1 with p -  nitrobenz-, cinnam-, and trichlo- 
roacetaldehyde similarly gave a - t rans-  ( p -  nitrobenzyli- 
dene)- (3), a-cinnamylidene- (4), and a- t rans-  (2,2,2-tri- 

R H 

trans Cis 
2, R = Ph 6b, R = c-Pr 
3, R = pNO,C,H, 
4, R = PhCH=CH 
5. R = CC1, 

7b, R = Et 

6a, R = i - P r  
7a, R = Et 

chloroethy1idene)-y-butyrolactone (5) in 71, 55, and 100% 
yields, respectively. 

In  contrast,. the  reactions with isobutyr- and propional- 
dehyde resulted in the formation of the mixtures of the cor- 
responding a- t rans-  (6a and 7a) and a-cis- (substituted yl- 
idene)-y-butyrolactones (6b and 7b),  ratios of which were 
approximately 1:l and 3:2 by nmr, in good yields. Although 
separation of individual a- t rans-  (sa) and a-cis-(isobutyli- 
dene)-y-butyrolactone (6b) was unsuccessful, their struc- 
tural assignments rested upon nmr data  and hydrogenation 
of the mixture over a platinum/carbon catalyst to a-isobu- 
tyl-y-butyrolactone (8). 

Thus,  in the cases using aldehydes containing bulky sub- 
stituents such as the phenyl, styryl, and trichloromethyl 
groups, only t rans  olefins were obtained, bu t  use of al- 
dehydes having rather small substituents such as the iso- 
propyl and ethyl groups yielded mixtures of t rans  and cis 
olefins. 

Interestingly, the reaction with 0- phthalaldehyde gave a 
mixture of cY,a'-bis(trans,trans-o- xy1idene)- (9a, 47%) and 
a,a'-bis(cis, trans-o- xy1idene)-y-butyrolactone (9b, 7.3%). 

1 + E C H O  - 
CHO 

9a 9 b  

In the reaction with p -  phthalaldehyde, a d - b i s -  
( t rans , t rans-p-  xy1idene)- (loa) and a,a'-bis(cis,trans-p- 
xy1idene)-y-butyrolactone ( lob)  were likewise obtained in 
67 and 4.4% yields. No corresponding a,a'-bis(cis,cis- xyli- 
dene)-y-butyrolactones could be detected in either reac- 
tion. Although the formation of the  trans,trans isomers, 9a 
and loa,  in both reactions is in accord with the results ob- 



Synthesis of a-Ylidene-y-butyrolactones J .  Org. Chem., Vol. 39, No. 22, 1974 3237 

Tab le  I 
a-Y l idene-y-butyrolactones 

IC (NuJo~) ,  cm-l  
Substituents "C=C=N Or Empirical 

Compd R1 R2 Yield, 96 MP [bp ( m m ) ~ ,  'C "c= c yc=c=c formulaa 

2 
3 
4 
5 
6a + 6b 
7a t 7b 

9a  

9b 

1 Oa 

1 Ob 

11 
12 
14 
16 
17 
18 

H P h  

H PhCH=CH 
H CCl, 
H or  i-Pr 
H or Et  

H P -NO2C6H4 

i-Pr or H 
Et o r  H 
6 

H wj 0 

100 
71  
55 

100 
89 

100 

47 

7.3 

67 

4.4 

92 
91 
95 

100 
100 

81 

118.5 
189-190 
135-136 
76 .0  
(55-57 (O.5)] 
I60 (0.5)1 

255-259 

152- 153 

283-284 

208-210 

[ l o 6  ( 0 . 5 ) )  
[110-115 (0 .5 ) ]  

132-133 
60-61 

Vi scous  liquid 

1640 
1640 
1630 
1650 
1650 
1670 

1640 

1645 

1640 

1630 

1670 

C16H1404 

c 1 fiH1404 

1 g H  1 4 0 4  

1 6 H 1 4 0 4  

C10H1402  
2050 C9H13N02 

CllH15N02 2050 
1945 cl 8 H 1 4 0 2  
1940 c 14 H1 4 0 2  
1950 C13H1202 

a Satisfactory analytical data ( ~ 0 . 4 ? &  for C,  H, N) were found for all new compounds except for compounds 12, I?, and 18 in the table. 

Scheme I 

12, R = n-Bu 13, R = n-Bu 
14, R = cyclohexyl 15, R = cyclohexyl 

16. R, = R2 = Ph 
17. R, = Ph; R, = Et  

19, R, = Ph, R, = Me 

18. R, = Ph; R, = Me I 
0 

'Ph 
21 

tained above with bulky monoaldehydes, the  formation of 
the cis,trans isomers, 9b and lob, is difficult to explain. 

The  reaction with cyclohexanone similarly gave n-cyclo- 
hexylidene-y-butyrolactone (1  1) in 92% yield but  the reac- 
tion with benzophenone afforded no olefin. 

Reactions with isocyanates and ketenes under mild con- 
ditions yielded ketenimines 12 and 14 and allenes 16, 17, 
and 18 in almost quantitative yields (Scheme I). The  acid- 
catalyzed hydrolysis of the ketenimines readily led to a-  
carbamoyl-y-butyrolactones 13 and 15.6 Hydrogenation of 
the allene 18 over a platinum/carbon catalyst gave a-(2-  
phenylpropyl)-y-butyrolactone ( 1916 in quantitative yield. 

The  reaction with nitrosobenzene gave a-anilino-y-cro- 
tonolactone (20, 94%), which was heated together with di- 
phenylketene in a sealed tube to yield 2,3,3a,4,6,6a-hexahy- 
dro-2,6-dioxo-1,3,3-triphenyl-l~-furo[3,4-b]pyrrole (21, 
35%) as the only isolable product. 

These results are summarized in Table I. 

E x p e r i m e n t a l  Section4 

General Procedure. To sodium hydride (50%, 0.50 g, 0.01 mol) 
in 40 ml of dry benzene was added dropwise tr-diethylphosphono- 
y-butyr~lactone~ (2.22 g, 0.01 mol) in 10 ml of dry henzene with 
stirring. After the addition, the solution was stirred a t  50-60" for 
30 min until gas evolution had ceased. To the resulting yellowish- 
orange solution were added 0.01 mol of aldehydes (or ketones, het- 
erocumulenes, or nitrosobenzene) in 10 ml of benzene. The reac- 
tions were run under dry N2. 
a-trans-Benzylidene-y-butyrolactone (2). To a henzene solu- 

tion containing the phosphonate carbanion 1 prepared above was 
added freshly distilled benzaldehyde (1.06 g, 0.01 mol) in 10 ml of 
benzene with stirring and then the reaction mixture was refluxed 
for 2.5 hr. After removal of insoluble sodium diethyl phosphate by 
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filtration, the filtrate was concentrated in uacuo to give 3.90 g 
(100%) of 2. The crude product 2 was recrystallized from benzene- 
hexane to afford the pure sample as white needles: nmr (CDC13) 6 

OCHzCHz-), 7.30 (9, 5 H, phenyl protons), and 7.40 (t, J = 3 Hz, 1 
H, olefinic proton); nmr (CsD6) 6 2.00 (d-t, 2 H), 3.80 (t, 2 H),  7.10 
(s, 5 H),  and 7.60 (t, 1 H); mass spectrum (70 eV) rnle 174 (M+), 
146 (M+ - CO), and 129 ( M t  - COz - H). 

In the reaction at  ambient temperature for 2.5 hr, an only trans 
isomer 2 was similarly obtained in 98% yield. 
Reduction of a-(1sobutylidene)-7-butyrolactone (6a and 

6b). A solution of 1.00 g (7.14 mmol) of a mixture of 6a and 6b dis- 
solved in ethanol was shaken in a hydrogen atmosphere over PtOz. 
After the theoretical amount of hydrogen was consumed (50 hr), 
the reaction was stopped. The catalyst was removed and the solu- 
tion was concentrated. The residue was vacuum distilled to give 
1.01 g of a-isobutyl-y-butyrolactone (8): bp 56' (0.4 mm); n 2 0 ~  

1.4446; ir (neat) 1760 cm-l (C=O); mass spectrum (70 eV) m/e 142 
(M'); nmr (CC14) 6 0.95 (d, J = 6 Hz, 6 H, methyl protons), 1.10- 
2.50 (m, 6 H, methylene and methine protons), and 4.20 (split t, 2 

Anal. Calcd for C~H1402: C, 67.57; H, 9.93. Found: C, 67.45, H, 
10.32. 

a&-Bis(o-xy1idene)-7-butyrolactone (9a and 9b). The reac- 
tion was carried out using the procedure described above with 1 
and o-phthalaldehyde. After removal of insoluble sodium diethyl 
phosphate by filtration while hot, the filtrate was allowed to stand 
at room temperature overnight. The resulting solid was filtered 
and recrystallized from a large quantity of ethanol-benzene to give 
pure a&-bis(trans,trans-o-xy1idene)-y-butyrolactone (9a, 
47%): nmr (DMf30-d~) 6 3.20 (d-t, J = 7.5,3 Hz, 4 H, OCHzCH2-), 
4.40 (t, J = 7.5 Hz, 4 H, OCH~CHZ-), 7.55-7.67 (4 H, phenyl pro- 
tons) and 7.70 (t, J = 3 Hz, 2 H, olefinic proton); mass spectrum 
(70 eV) mle 270 (M+), 241 (M+ - CO - H), 226 (M+ - 2COz). 

The filtrate was concentrated and the resulting solid was recrys- 
tallized from benzene-hexane to afford pure a,a'-bis(cis,trans-o- 
xy1idene)-y-butyrolactone (9b, 7.3%): nmr (CDC13) 6 3.20 (d-t, 

CHz-), 7.20 [t, J = 2 Hz, 1 H, trans H of -HC=C(CO)-1, 7.30-7.45 
(s, 4 H, phenyl protons), and 7.60 [t, J = 3 Hz, 1 H, cis H of 

3.10 (d-t, J = 7.5, 3 Hz, 2 H, OCH~CHZ-), 4.45 (t, J = 7.5 Hz, 2 H, 

H, 0 CHzCHz-). 

J = 7.5, 2 Hz, 4 H, OCHzCHz-), 4.40 (t, J = 7.5 Hz, 4 H, OCH2- 

-HC=C(CO)-I; nmr (CsD6) 6 1.90-2.40 (2 d-t, J = 7.5, 3, 2 Hz, 4 
H, OCHzCHz-), 3.35-3.70 (2 t, J = 7.5 Hz, 4 H, OCHzCHz-), 6.67 
[t, J = 2 Hz, 1 H, trans H of -HC=C(CO)-1, 7.12 (d, 4 H, phenyl 
protons), and 7.80 [t, J = 3 Hz, cis H of -HC=C(CO)-1; mass 
spectrum (70 eV) m/e 270 (M+), 241 (M+ - CO - H), 226 (M+ - 
COz), and 182 (M+ - 2C02). 
2,3,4,5-Tetrahydro-2-oxo-3-[ (butylimino)methylene]furan 

(12). To 200 ml of a benzene solution of 1 (0.04 mol), butyl isocy- 
anate (3.96 g, 0.04 mol) in 50 ml of benzene was added at  0' with 
stirring, Then the reaction temperature was generally raised to 60' 
and held at  that temperature for 1 hr. After similar work-up, dis- 
tillation of the residue gave 6.10 g (91%) of 12: bp 110-115° (0.5 
mm); nmr (CC14) 6 0.90-2.00 (m, 7 H, N C H ~ C H ~ C H Z C H ~ ) ,  3.00 (t, 
J = 7.5 Hz, OCH2CHz-), 3.60 (t, J = 6 Hz, NCHZ-), and 4.20 (t, J 
= 7.5 Hz, OCHZCHZ-); mass spectrum (70 eV) mle 167 (M+) and 

The satisfactory analytical data for 12 were not reported be- 
cause of its instability. 
a-(n-Butylcarbamoy1)-7-butyrolactone (13). A solution of 12 

(3.0 g, 0.018 mol) in ethanol (50 ml) containing 0.5 N hydrochloric 
acid (2  ml) was refluxed for 48 hr. After removal of solvent in 
vacuo, the residue was extracted with chloroform, followed by 
washing with water and drying over sodium sulfate. The chloro- 
form layer gave 3.04 g (92%) of 13. Recrystallization of crude 13 
from benzene-hexane (1:l) afforded the pure sample: mp 49'; ir 
(Nujol) 3210 (NH), 1770 (lactone C=O), and 1630 cm-l (amide 
C=O); nmr (CC14) 6 0.70-1.55 (m, 7 H, NCHZCHBCHZCH~), 
2.15-2.80 (m, 2 H, OCHzCH2-), 3.00-3.75 (m, 3 H, methine and 
NCHz-protons), 4.15-4.50 (split t, 2 H, OCHzCHz-) and 7.40 (t, J 
= 6 Hz, NH); mass spectrum (70 eV) mle 185 /M+) and 141 (M+ - 

110 (M+ - Bu). 

CO). 

58.05: H, 8.21; N, 7.59. 
Anal. Calcd for CgH15N03: C, 58.36; H, 8.16; N, 7.56. Found: C, 

a-Anilino-y-crotonolactone (20). To 100 ml of a benzene solu- 
tion of 1 (0.02 mol) was added nitrosobenzene (2.14 g, 0.02 mol) in 
benzene (20 ml) at Oo with stirring. Then the solution was stirred 
at  ambient temperature for 2 hr. After similar work-up, 20 was ob- 

tained (3.28 g, 94% yield). Recrystallization of crude 20 from ben- 
zene-hexane gave the pure sample as white needles: mp 152-153O; 
ir (Nujol) 3300 (NH), 1745 (C=O), and 1654 cm-1 (C=C); nmr 

Hz, 1 H, olefinic proton), 6.75-7.30 (m, 5 H, phenyl protons), and 
8.20 (broad, 1 H, NH); mass spectrum (70 eV) mle 175 (M+) and 

(DMSO-&) 6 4.95 (d, J = 2 Hz, 2 H, OCHzCH=), 6.70 (t, J = 2 

147 (M+ - CO). 
A&i. Caicd'for CloHgNOZ: C, 68.56; H, 5.18; N, 8.00. Found: C, 

68.21: H, 5.19: N, 8.02. 
Reaction of 20 with Diphenylketene. A solution of 20 (0.84 g, 

4.8 mmol) and diphenylketene (1.86 g, 9.6 mmol) in 20 ml of dry 
benzene was heated at  160° for 2.5 hr in a sealed tube. Then the 
reaction mixture was chromatographed on alumina to give 0.60 g 
(35%) of 2,3,3a,4,6,6a-hexahydro-2,6-dioxo-1,3,3-triphenyl- 
lH-furo[3,4-6]pyrrole (21) and 0.30 g of unidentified brown, 
polymeric liquid. Recrystallization of crude 21 from benzene-hex- 
ane gave the pure sample: mp 142-143.5'; ir (Nujol) 1780 (lactone 
C=O) and 1745 cm-I (lactam C=O); nmr (CDC13) 6 2.00 (t-d, J = 
6, 15 Hz, 1 H, methine proton), 2.75 (d-t, J = 15, 10.5 Hz, 1 H, 
methine proton), 4.30 (d-d, J = 10.5, 6 Hz, 2 H, methylene pro- 
tons), and 7.30 (broad s, 15 H, phenyl protons); mass spectrum (70 
eV) mle 369 (M+), 250 (M+ - PhNCO), 248 (M+ - Ph - COz), 
and 194 (PhzCCO+). 

Anal. Calcd for Cz4HlgN03: C, 78.03; H, 5.18; N, 3.79. Found: C, 
78.03; H, 5.23; N, 3.96. 
a-Ylidene-y-butyrolactones6 3-7, 10,l I, 14, 16-18. These de- 

rivatives were similarly obtained from l and p -  nitrobenz-, cin- 
nam-, trichloroacet-, isobutyr-, propion- and p -  phthalaldehydes, 
cyclohexanone, cyclohexyl isocyanate, and diphenyl-, phenylethyl, 
and phenylmethylketenes. Yields and some physical data of the 
products are shown in Table I. 
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