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Synthesis and Mass Spectra of Some +Unsaturated y-Lactones and 
y-Lactams 
By Graham S. King and Eric S. Waight," Organic Chemistry Laboratories, imperial College of Science and 

Migration of an alkyl or phenyl group from the y-position of a number of y-disubstituted ctp-unsaturated y-lactones 
and one y-lactam upon electron impact has been proved by high resolution and lSO-labelling studies and by the 
observation of metastable ions. Improved methods for the synthesis of such compounds uncontaminated by their 
dihydro-derivatives are described. 

Technology, London SW7 2AZ 

SOME examples of migration of alkyl and aryl groups 
induced by electron impact have been reported pre- 
viously, for example by Djerassi and his co-workers,l 
who noted the migration of a methyl group in the mole- 
cular ion of 4,4,6-trimethylcyclohex-2-enone. Examina- 
tion of the lactone (Ia) reveals (Table 1) the loss from the 
molecular ion of CHO in a single step (confirmed by high 
resolution mass measurement and the appropriate meta- 
stable transition; see Table 2). The dideuterio- 
analogue ( I ;  R1 = R2 = 2H, R3 = lH, R4 = Me) shows 
a loss of 30 mass units from the molecular ion (M+) .  
These results indicate a hydrogen migration and are in 
agreement with the results of Friedman and Long for 
lactones such as ( I ;  R1 = H or Me, R2 = R3 = R4 = 
H). Labelling experiments proved that in the latter 
compounds the ring oxygen atom was expelled, thus 
also implying a hydrogen shift. A series of a@-disub- 
stituted but-2-enolides were examined by Reinhoudt and 
van de Graaf.3 The loss of CHO from the molecular ion 
was confirmed and the sequential losses of H and CO 

TABLE 1 
7n/e Values and relative intensities (%) of abundant 

ions 
2-Methylbut-2-enolide (Ia) 
nz/e 99 98 70 69 68 53 52 61 50 

m/e 49 44 43 42 41 40 
:(, 2.5 9.2 2.3 7.6 100 21.6 

4,4-Dimethylbut-2-enolide (Ib) 
m/e 112 98 97 70 69 67 59 68 55 
yo 18.1 4.7 100 3.6 89.9 2.8 14.6 14.2 3.4 
mle 54 53 51 60 44 43 42 41 40 
:h 17.8 6.1 2.9 2-9 2.2 77.9 3.7 13.4 3.2 

2,4,4-Trimethylbut-2-enolide (Ic) 
mIP126 112 111 84 83 68 67 56 53 
96 13.3 3.9 46.7 2.0 30.0 8.7 8.0 15.3 2.7 
n t / e  51 44 43 42 41 40 
94 2.3 2.3 100 2.2 7.3 8.7 

4-Methyl-4-phenylbut-2-enolide (Id) 
mle175 174 160 169 132 131 129 128 116 
yo 2.4 20.5 6.3 55.4 10.2 100 2.4 2.9 6-3 
ntle105 104 103 102 99 97 78 77 76 
yo 16.5 2.4 18.8 2-2 2.3 2-4 2.8 21.1 2-3 
m/e 69 63 57 55 54 52 51 60 49 
yo 3.2 2.9 2.8 2.6 2.4 2.4 12.2 5.0 2.9 
m/e 47 44 43 41 
yo 6.1 2.4 9.2 4.2 

4-Bromomethyl-4-phenylbut-2-enolide (Ie) 
mle254 262 160 159 131 128 106 103 102 
yo 3.0 3.1 10.9 100 10.9 4.6 16.3 6.1 2.9 
m/e 86 84 77 63 54 51 60 41 44 
yo 6.6 9.8 13.1 2.1 2.1 7.4 3.6 2.6 2.4 

4.6 82.9 5.6 89.1 7.1 9.6 3.1 6.1 8.2 

TABLE 1 (Continued) 
4,4-Diphenylbut-2-enolide (If) 
mle237 236 208 207 192 191 190 189 166 
% 9.6 54.4 2.6 2-4 6.4 8-6 2.3 6.6 6.8 

m/e160 159 154 152 132 131 115 106 105 
yo 2.8 24-1 4.7 2.3 10.9 100 4.9 6.4 65. 8 
mle104 103 89 82 77 76 63 51 47 
% 2.3 17.5 2.4 2-6 27-7 2.8 3-0 7.3 2.7 

1 - (4-Methoxyphenyl) -6, 5-diphenyl-A3-pyrrolin-2-one (111) 
m/e343 342 341 340 313 312 266 264 237 
Yo 10.4 24.2 100 4-4 8.2 22.0 3-8 17.0 8.8 

mle236 220 211 210 194 193 192 191 190 
Yo 48-9 2.7 4-9 29.6 6-5 11.0 31.8 24.7 3-3 
mle189 165 131 129 123 122 116 92 77 
% 7.1 5.2 11.0 2.2 8.2 2.7 4.7 2.4 7.1 

4,4-Dimethylbutyrolactone (IVa) 
m/e114 100 99 81 71 70 69 58 56 
% 1-4 6-4 100 2-3 20.9 67.4 23.3 3.3 30.2 
mle 55 43 42 41 
yo 67.4 69.8 20.9 3.3 

4-Methyl-4-phenylbutyrolactone (IVb) 
nale176 161 148 121 120 106 105 104 103 
:& 1.4 7.0 11.9 4.9 17.5 8.4 100 7.0 5.6 
nz/e 95 94 91 79 78 77 66 65 63 
yo 2.8 41.0 2.8 7-0 5.6 38.6 6.3 7-0 3.5 
m/e 55 52 51 50 47 45 43 
yo 2.8 2.1 14.0 6.6 2.1 2.1 23.1 

4,4-Diphenylbutyrolactone (IVc) 
wale239 238 194 193 192 191 189 184 
% 10.5 63.0 4.2 5.3 4.2 3.2 2.1 14.7 
mle182 181 180 179 178 166 165 163 

mle161 160 154 153 152 139 133 117 

#/el16 106 106 103 91 89 87 85 

inle 78 77 76 75 66 63 57 56 

wale 51 60 48 47 43 41 

2-1 2.1 4-2 6.3 6.3 2.1 9.5 2.1 

% 38.9 2.1 3.2 2.1 3.2 2.1 3.2 3.2 

12.6 5-3 66.7 4.2 10.5 3.2 2.1 16-8 

yo 4.2 33.7 5.3 2.1 2.1 3.2 3.2 7.4 

yo 11.6 3.2 2-1 4.2 2.1 4.2 

183 
100 
162 

4.2 
116 

4-2 
83 
25.2 
55 
3-2 

t Ions of mle (40 or yo <2 are omitted (except for molecular 

discovered but it was not proved which atoms were lost 
as CO. 

The molecular ion of the lactone (Ic) (Table 1) loses 
C2H30; a metastable ion (Table 2) indicates a one-step 
process suggestive of a methyl migration analogous to 
that proposed by Djerassi et aZ.l A series of similar 

R. L. N. Hams, F. Komitsky and C. Djerassi, J. Amer. 
Chena. SOC., 1967,80,4765,4776. 

L. F. Friedman and F. A. Long, J. Amer. Chem. Soc.. 1953, 
75, 2832. 

D. N. Reinhoudt and B. van de Graaf, Rec. Trae,. chim., 1970, 
89, 417. 

ions). 
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lactones has been prepared by the methods described 
below; their mass spectra are given in Table 1. Com- 
pounds (Ib) and (Id) both show M - 43 peaks with 
transitions in either the first (by refocusing) or the 
second field-free region of the spectrometer indicative of 
one-step losses of C,H,O from the molecular ions. The 
metastable data (Table 2) indicate also sequential losses 

R' R 2  

phv Ph I 0 

M e  H 
R 2  R' 

b; R1=RZ=Me 
( a) a; R1=Me,R2=H 

(IY) a; R '=  R2=Me 
b; R'= Ph, R2=Me 
C; R'= R z = P h  

0 H-P h 
M e A i L o  Ph2C: CH*CH,-CO-NH U O M e  
Me 

of CH, and CO from M+. The one- and two-step pro- 
cesses probably represent parallel fragmentation routes 
since it is doubtful if two rapidly consecutive processes 
occurring in the first field-free region can give rise to a 
metastable ion for the apparently concerted loss of both 
fragments.4 The driving force for the rearrangement 
appears to be the formation of the stable ion (a), m/e 69, 
identical with that proposed by Djerassi et aZ.,l as shown 
in Scheme 1. 

4,4-Diphenylbut-2-enolide (If) gives an abundant ion 
( d ) ,  nt/c 131, corresponding to the loss of C,H,O from the 
molecular ion. The metastable ions (Table 1) again 
suggest parallel one- and two-step processes, rational- 
ized in Scheme 2. The weak ions of nz/e 192 (g), 191 (h), 
189 ( j ) ,  and 165 (k) are absent in the spectra of the other 
compounds and are evidently derived by fragmentation 
of the Ph,C*CH:CH unit. Phenyl migration occurs in 
preference to methyl migration in the lactone (Id), in 
agreement with previous obser~ations,l*~, resulting again 
in the formation of the ion ncle 131. The much greater 
ion current carried by the latter ion compared with that 
carried by the ion wzle 69 reflects its greater stability, 

D. H. Smith, A. 31. Duffield, and C. Djerassi, (lug. Mass 
Spcclvomeivy, 1973, 7, 366. 

5 31. A. T. Kerkoff and N. 31. 31. Nibbering, Org. Mass 
Spectrotnetvy, 1973, 7, 37. 
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TABLE 2 

Metastable transitions in the first t and second * 
field-free regions 

(i) 2-Methylbut-2-enolide (M 98) 
* * 

98 --+ 97,98 __+ 69,69 ,--&- 41 

(ii) 4,4-Dimethylbut-2-enolide ( M  112) 
* t t t 

112 + 97, 112 __t 69, 112 ___)L 59, 112 --> 68, 
t t t t 
t 

97 ___t 69, 97 --b 43, 84 __t 43, 82 + 54, 

69+ 41 

(iii) 2,4,4-Trime thy1 bu t -2-enoli de (Ad 1 26) 
* t *t t 

126 + 111, 126 __t 98, 126 + 83, I 1  1 ___t 83. 
t t t i 

111 __t 43, 98 __t 43, 83 -- 68, 83 __t 55 

(iv) 4-Methyl-4-phenylbut-2-enolide (:M 174) 
+t t t t 

174- 131,174+ 1 0 6 , 1 6 9 ~  131,159+ 105, 
t t t t 

133 y 105, 131 __+c 103, 130+ 115, 1 2 0 ~  105, 

103 __t 77 

(v) 4-Bromomethyl-4-phenylbu t-2-enolide (ill 2521264) 
t t t 

t t t t 
2521264 __t 173, 2521264 *+, 159, 2521254 + 131, 

173 + 131, 159 --w 131, 169 + 105, 131 + 103 

(vi) 4,4-Diphenylbut-2-enolide (M 236) 
i t t t 

236+ 131,208+ 131,191 + 165,180+ 165, 
t t t t 

(vii) 1-(4-Methoxyphenyl) -5, 5-diphcnyl-A3-pyrrolin-2-one (M 341) 

159+ 1 3 1 , 1 5 9 ~  115, 1 5 9 + 1 0 5 , 1 3 1 - - ~  103 

t *t t t 

* t t 
341 + 264,341 236,341 __t 210,341,-4192. 

341 __t 313,341 312,341 + 131,313.-/ 312, 
t t 

313 + 236,220 --b 192 

(viii) 4,4-Dimethylbutqrolactone (JZ 114) 
t 1 t * 

114 + 99, 114 -+ 70, 114 +, 59, 99 __F 81, 
t 

99 __t 71,99 -+ 13,99 -+ 42 

(ix) 4-Methyl-4-phenylbutyrolactone (ill 176) 
t t t t 

176-w 121, 161--*133, 161+105, 148+133, 
i t t 

148 + 105, 133 - =  105, 120 + 105 

(x) 4,4-Diphenylbutyrolactonc (M 238) 

238 183, 238 *L 161, 161 -& 105 

presumably resulting from the increase in conjugation. 
It is noteworthy that the substituted vinyl group re- 
arranges at  the expense of methyl in the dilactones (IIa 
and b) and virtually the same mechanism has been 
p r~posed .~  The fragmentation of the bromo-compound 
(Ie) can be explained similarly. 

To confirm the proposed methyl and plienyl migrations 
the carbonyl oxygen atom in compounds (Ib) and (Ic) 
was partially labelled with l80 by Friedman and Long's 
method. This involves exchange with H,'80 in the 
presence of Na180H at  room temperature, a process 
known to involve only the carbonyl oxygen atom., 

6 H. E. Audier, J .  F. Dupin, M. Fetizon, and Y. Hoppilliard, 
Tetrahedron Letters, 1966, 2077. 

7 1'. Kolsaker, Ovg. Mass Spcctvometvy, 1973, 7, 535. 
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The mass spectral results are summarized in Table 3. 
Within experimental error there is no loss of l80 in 
forming the ions (M - CH,)' and (M - CH,CO)+, and 
the ion CH3COf contains no more than the natural 
abundance of lSO. Thus the ring oxygen atom must be 
lost as CH,CO and migration of methyl must occur. 

To study the effect of replacing the ring oxygen atom 
by a nitrogen atom the fragmentation (Table 1) of the 
lactam (111) has been examined. The one-step forma- 
tion of the ions m/e 210 (4) and 131 (a) must involve 

P 
\ '  

The mass spectra of tetronic acids, which differ from 
the butenolides already discussed above in having a 
hydroxy-group at C-3, have been analysed by Haynes 
et aZ.1° Compounds such as (V) give intense ions corre- 
sponding to (M - CH,CO)+, ( M  - CH,CO - CO)-, and 
CH,CO+, which it is now suggested are derived by 
migration of methyl to C-3 as in the butenolides. It was 
previously proposed lo that the carbonyl oxygen atom is 
lost as CO following loss of a methyl group at C-4, but 
no labelling studies were carried out. KO 4,4-diphenyl 

m / e  112 

\ +  

-CH3CO w 1 

m / e  41 m / e  4 3  ( c )  
SCHEME 1 

migration of a phenyl group as indicated in Scheme 3; 
no metastable ions in either field-free region could be 
detected (Table 2) for the formation of the ions (q) and 
(d )  from the ion m/e 264 ( M  - Ph)+. 

The saturated lactones (IVa-c) have also been ex- 
amined. Their fragmentation (Table I.) follows the 
well-established pattern,*.9 namely loss of a substituent 
at C-4 followed consecutively by loss of CO and C,H,, 
or of CO,, or of C,H,O, as shown in Scheme 4. 

There is no evidence of migration of an alkyl or an 
aryl group; such a process thus requires the presence of 
the carbon-carbon double bond. 

13'. Budzikicwicz, C. Djerassi, and D. H. Williams, 'Mass 
Spectrometry of Organic Compounds,' Holden-Day, San Fran- 
cisco, 1967, p. 305. 

J .  H. Beynon, K. A. Saunders, and A. E. Williams, 'The 
Mass Spectra of Organic Molecules,' Elsevier, Amsterdam, 1968, 

l o  L. J. Haynes, A. Kirkien-Iionasiewicz, ,4. G. Loudon, anti 
A .  Maccoll, Org. Mass  S p ~ c t r o m r t v y ,  1968, 1, 743. 

p. 264. 

derivatives were investigated but benzoyl ions (wit: 105) 
are present in the spectra of tetronic acids with one 
phenyl group at C-4, which suggests a hydrogen migra- 
tion in such compounds. 

Synthetic Work-A versatile method for synthesis of 
butenolides involving semihydrogenation of the appro- 
priate hydroxy-acetylenic acid 1 ~ 3  was originally de- 
vised by Haynes and Jones.ll Unfortunately the 
products tend to be contaminated with the fully satu- 
rated lactone, which is difficult to remove and which 
complicates ls0-labelling studies. The preparation of 
butenolides by the addition of bromine to the substituted 
butenoic acid followed by dehydrogenation with tri- 
ethylamine l4 also results in mixtures of saturated and 

l1 L. J.  HaynesandE. R. H. Jones, J .  Chcm. Soc., 1946, 954. 
l2 R. Bredow, R. Winter, and M. Battiste, J, Org. C h e m ,  1959, 

l3 A. Nobuhara, Agric. and Bid. Chem. (Japata), 1970,34, 1745. 
M. Franck-Neumann and C. Rerger, Bull. SOC. c k i m .  Fratice, 

24, 415. 

1968, 4067. 
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unsaturated lactones, owing to the addition of hydrogen sis can be inore conveniently carried out in one step with 
bromide to the double bond. The 4,4-diphenyl deriva- 1 equiv. of iodine in pyridine. This method had to be 
tive (If) could be obtained by bromination of the satu- modified slightly to obtain the lactam (III'), which was 
rated lactone with phosphorus and bromine followed by prepared by treatment of the amide (VI) with iodine 
dehydrobr~mination,~~ but application of this procedure in NN-dimethylacetamide followed by dehydroiodination 
to 4-methyl-4-phenylbutyrolactone (IVb) gave the with pyridine. The product was identical with a sample 

\ .  

36 

H 

%O 

* -coz 1 

TABLE 3 
Relative intensities of normal ( 1 6 0 )  and isotopic ( + 2  m.u.) peaks in the spectra of 

(a) 2,4,4-trimethyl- and (b) 4,4-dirnethyl-but-Z-enolides 
'Y , (b) 

I r \ 

Peak Unlabelled lsO-Labelled Unlabelled 180-Labelled 
M f  > 5 0 :  1 24 (f3) : 1 >40:  1 13 (f3) : 1 
M - CH3 >50:  1 25(&3): 1 >40: 1 16 (f3) : 1 
M - CH&O > 5 0 :  1 ? 6 ( & 3 ) :  1 >40: 1 l O ( f 3 ) : l  

C2H,0+ > l O O : l '  > loo:  1 >50:1  > 6 0 : 1  
M - CH,CO - CH3 > 5 0 :  1 23 (*3) : 1 > 4 0 : 1  9 (f3) : 1 

C,H,O+ > 5 0 :  1 >60:  1 
* Doublet : C,H,O + CdH,, relative intensities 60 : 1. 

bromo-compound (Id) in high yield. The iodolactoniza- 
tion method of van Tamelen and Shamma16 is more 
satisfactory. This involves treatment of the substituted 
butenoic acid with iodine in aqueous sodium hydrogen 
carbonate and potassium iodide followed by treatment 
with pyridine to remove hydrogen iodide. This synthe- 

l6 C. C. Price and J. M. Judge, Ovg. Syntlz., 1965, 45, 22. 
l6 E. E. van Tamelen and M. Shamma, J. Anter. Chem. SOC., 

1954, 76, 2315. 

obtained in very low yield by the published route for 
1 - (9-ethoxypheny1)- A3-pynolin-2-one.17 

EXPERIMENTAL 

Mass spectra were determined with an A.E.I. MS9, 
Perkin-Elmer 270, or L.K.B. 9000s instrument. High 
resolution data were obtained (MS9) at 70eV ionizing 

l7 H. Otomasu, Jap. P. 7,137,339 (CIzem. A h . ,  19'72, 76, 
14 ,330~) .  
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voltage and 100 pA trap current a t  a resolution of about 
15,000, with perfluorokerosene or heptacosafluorotri-n- 
butylamine as mass standard. A few mass measurements 
on molecular ions were made with the L.K.B. instrument by 
using the multiple ion detector/peak matcher unit a t  60 FA 
trap current and 16 V sweep voltage at a resolution of about 
1500. Metastable transitions in the first field-free region 
of the MS9 were detected by the standard A.E.I. refocusing 
technique. N.m.r. spectra were obtained for solutions in 
deuteriochloroform with a Varian A60 spectrometer. 

4,4-DifihenyZbutyrolactone (IVc) .-This was formed to- 
gether with 4,4-diphenylbut-3-enoic acid, m.p. 115-1 16', 
by the condensation of benzophenone with diethyl suc- 
cinate so followed by decarboxylation in hydrobromic and 
acetic acids.21 It had m.p. 90-91" (Found: C, 80.55; 
H, 5.8. Calc. for C,,H,,O,: C, 80.65; H, 5.9%). 

2-Methylbut-2-enolide (Ia) .-This was prepared by bromin- 
ation of 2-methylbut-3-enoic acid followed by dehydro- 
bromination with triethylamine as described in the litera- 
ture. l4 

Ar 
/ Ar '9, 

I 1  m / o  312 (I)  
+ NHAi 

m/e 2 36 ( P )  
SCHEME 3 

4,4-DimethyZbutyroZactone (IVa) .l*-Prepared by the 
action of concentrated hydrochloric acid on 4-methylpent-3- 
enoic acid, this had b.p. 120' at 30 mmHg. 

4- Methyl-4-phenylbutyrolactone ( I n )  .4Phenylpent-& 
enoic acid l9 was stirred for 4 h a t  room temperature with an 
excess of concentrated hydrochloric acid. After neutraliza- 
tion with aqueous sodium hydroxide the solution was 
extracted with ether. Distillation of the dried extracts 
yielded an oil, b.p. 182-186" at  23 mmHg, Mf 176-0865 
(Calc. for C,,H,,02: M ,  176.0837), shown to be homo- 
genous by g.1.c. (1% OV1 on Chromosorb W a t  140"); 
voo 1760 crn-l, T 2.64 (5H, s), 7-50 (4H, m), and 8.28 (3H, s). 

18 B. J. Clarke and R. P. Hildebrande, J .  Inst. Brewing, 1967, 
75, 60. 

Is L. Cannonica, A. Bonati, L. Gaudenzi, and G. PIIotta, 
Farmaco Ed. Sci., 1969, 14, 112 (Chem. Abs., 1960, 54, 1404); 
M. C .  Kloetzel, J .  Amer. C h e w  Soc., 1940, 62, 1708. 

4,4-DiphenyZbut-2-eizoZide (If) .-4,4-Diphenylbut-3-enoic 
acid (0.6 g)  was dissolved in aqueous sodium hydrogen 
carbonate ( 0 . 5 ~ ;  15 ml) and a solution of iodine (1.27 g) 
and potassium iodide (2.5 g) in water (8  ml) was added. 
The mixture was kept in the dark for 24 h and then extracted 
with chloroform. The extracts were washed with aqueous 
5% sodium thiosulphate until they were colourless and then 
evaporated to dryness, yielding a yeIlow solid which was 
dissolved in pyridine (10 ml) and kept at room temperature 
for 10 min. The pyridine was removed in vmuo and the 
residue crystallized from benzene-petroleum (b.p. 60-80') 
giving needles (0.36 g), m.p. 131-132' (lit.,22 131-132'), 

20 G. H. Daub and W. S. Johnson, J .  Amer. Chem. SOC., 1948, 
70,418. 

21 D. Jeffrey and A. Fry, J. Ovg. Chem., 1957, 22, 735. 
22 M. S. Newman, L. JI. Joshel, and P. H. Wise, J .  Amev. 

Chem. SOC., 1940, 62, 1861. 
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vco 1745 cm-l, 7 2-31 ( lH,  d), 2.65 (5H, s), 3-92 (lH, d), and 
8-16 (3H, s) (Found: C, 81.3; H, 5-15. Calc. for C,,H,,O,: 
C, 8-3; H, 5.1%). 

'+ 

1 n 

A o x O  c )&H 

m / e  59 
I m / e  99 

1 

L+ 
m / e  71 

m / e  4 3  
SCHEME 4 

4- Mcthyl-4-phenylbut-2-enolide (Id) .-4-Phenylpent-3- 
enoic acid l9 (1 g) and iodine (1.4 g) dissolved in dry 
pyridine (8 ml) were kept in the dark for 16 h. The residue 
obtained on evaporation was dissolved in chloroform (20 ml) 
and the solution was washed with portions of aqueous 5% 
sodium thiosulphate until i t  was nearly colourless. The 
dried solution was distilled affording an oil (0.61 g), b.p. 
180-186" at 22 mmHg, shown to be homogeneous by g.1.c. 
(1% OV1 on Chromosorb Mr a t  160°), &I-'- 174.0700 (Calc. 
for C,,H,,,O2: M ,  174.0681), vco 1750 cm-l, TC 2-31 ( lH,  d), 
2.65 (5H, s), 3-92 (lH, d), and 8.16 (3H, s). 
4-(Bromomethyl)-4-filienylbut-2-enolide (Ie) .-To a stirred 

mixture of 4-methyl-4-phenylbutyrolactone (2-04 g) and 
red phosphorus (0.133 g)  at O", bromine (1.95 g) was added 
dropwise over 30 min. The mixture was then heated to 
70" and further bromine (1.95 g) was added dropwise over 
30 min. The mixture was stirred a t  80" for 4 h, water 
(3 nil) was added, and the mixture was then refluxed for 3 h. 
After cooling, the mixture was poured into water (20 ml) 
and extracted with ether. The extracts were dried 
(Na,SO,) and distilled in vucuo affording a yellow oil (1.6 g),  
b.p. 160-165" a t  2 x mmHg, shown to  be homo- 
geneous by g.1.c. (176 OV1 on Chromosorb TV at 180"), VOO, 

1750 cm-l, 7 2.25 (lH, d), 2.55 (5H, s ) ,  3.72 (lH, d), and 
3.90 (2H, s). 

4,4-Di.t~zethylbut-2-enolide (Ib) .-Prepared by the method 
described for 4,4-diphenylbut-2-enolide, this had b.p. 94' 
a t  14 mmHg (1it.,l1 80" at 10 mmHg) and was shown to be 

pure by g.1.c. (3% SE52 on Chroniosorb W a t  125O), M" 
112.0524 (Calc. for C,H,O,: M, 112-0524), 7 8.48 (6H, s), 
3.97 ( lH,  d),  and 2.62 ( lH,  d).  

180-LubeZling Exfieriments.-The butenolide (Ib or c) 
(prepared by Dr. H. N. A. Al-Jallo) (5  mg) was added to a 
solution prepared by the reaction of sodium (10 mg) with 
180-labelled water (100 ml; 11.2% enrichment, normalized) 
under nitrogen at 0". The mixture was kept a t  rooin 
temperature for 90 min, acidified with concentrated sul- 
phuric acid (1 drop), and extracted with benzene. After 
drying, the benzene was evaporated off and the residual oil 
introduced into the heated inlet system (at 110") of the 
mass spectrometer. Alternatively the reaction was per- 
formed in a Reactivial and the alkaline solution was 
injected directly into the gas chromatograph inlet of the 
mass spectrometer. A number of mass spectra scans, 
taken a t  the apex of the gas chromatographic peak, were 
averaged. 

2-Methyl- [4-2H2] but-2-enolide .-2-1\4ethylbut-2-enolide ( 1 5 
mg) was kept in a solution of sodium deuterioxide in D20 
(2 ml) a t  60" for 2 days, after which the n.m.r. signal a t  7 

5-2 had disappeared. 
1- (4-MethoxyfihenyZ)-6,5-diphenyl-A3-$yrrolin-2-one (111). 

-(a) To 4,4-diphenylbutyrolactone (100 mg) and red 
phosphorus (15 mg) in refluxing carbon tetrachloride was 
added bromine (0-25 ml), followed after 1 h by more bromine 
(0.25 ml). After 1 h under reflux the mixture was evap- 
orated to dryness in vucuo at room temperature and 
fi-anisidine (0.5 g)  in carbon tetrachloride (10 ml) was 
added. The mixture was stirred a t  room temperature for 
10 min, the solvent was removed in vacuo, and the residue 
was heated a t  160-170" under nitrogen for 3 h. A solu- 
tion of the product in chloroform was washed successively 
with dilute hydrochloric acid and saturated aqueous sodium 
hydrogen carbonate. Removal of the solvent left an oily 
solid which was subjected to t.1.c. on silica gel (GFZs4). 
The material of RF 0.45 in chloroform was rechromato- 
graphed and then had m.p. 118", M+ 341.1408 (Calc. for 
C2,H,,N0,: M ,  341.1416), vco (CHCl,) 1675 cm-l, A,,,. 
(EtOH) 220, 300, 315, and 325 nm (log E 4.02, 3.61, 3.62, 
and 3-50). 

(b)  N-(4-Methoxyphenyl)-4,4-diphenylbut-3-enamide 
(VI) (30 mg; m.p. 130"; from 4,4-diphenylbut-3-enoic 
acid 20) and iodine (300 mg) in NN-dimethylacetamide were 
kept in the dark a t  room temperature for 24 h. The 
solvent was removed in zracuo and the residue dissolved in 
pyridine (5 ml). After 2 h the pyridine was removed in 
vacuo, the residue was dissolved in chloroform, and the 
solution was washed successively with aqueous 5% sodium 
thiosulphate and saturated aqueous sodium hydrogen 
carbonate. Evaporation of the dried solution afforded an 
oil which was purified by t.1.c. as in (a) .  The product ( G  
mg) , recrystallized from benzene-petroleum, had m.p. 
123.5", with spectral properties identical with those of the 
sample from (a) .  

One of us (G. S. K.) is indebted to the Thorpe Bequest for 
a scholarship. 
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