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Concise Syntheses of 3- M e t  hylenetet ra hydrof uran-2-one Derivatives and 
Related Systems 

By Robert M. Adlington and Anthony G. M. Barrett,' Department of Chemistry, Imperial College, London 
SW7 2AY 

Using the Shapiro reaction, the title compounds were prepared in 'one pot' from the condensation of two ketones, 
or an aldehyde and a ketone, with carbon dioxide. For example, acetone 2,4,6-tri-isopropylbenzenesulphonyl- 
hydrazone was treated in sequence with n-butyl-lithium (-50 'C), acetone (-50 "C), n-butyl-lithium (-78 to 0 to 
-78 "C), carbon dioxide (-78 "C), and trifluoroacetic acid (25 'C) to give 5,5-dimethyl-3-methylenetrahydrofuran- 
2-one. The reaction was extended to prepare derivatives of 3-methylenetetrahydropyran-2-one and 3,5-dimethyl- 
enetetra hydrofuran -2-one. 

THE 3-met hylenet et rahydrofuran-2-one unit occurs 
widely in diverse sesquiterpene systems noted for their 
cytotoxicity. Elegant total syntheses of vernolepin, 
vernomenin, etc. rely on late a-methylenylation of pre- 
formed lactones or the oxidation of a-methyl-y-1actones.l 
Alternative synthetic methods exist,2 many of which are 
synthetically less versatile. Herein, we report the 
application of the Shapiro reaction as a concise synthetic 
method for the construction of both a-methylenetetra- 
hydro-furan-2-one and -pyran-2-one systems. 

On reaction with alkyl-lithium reagents, ketone 
toluene-4-sulphonylhydrazones (1) form the CN-dianion 
(3).t The subsequent facile elimination of the toluene- 
4-sulphinate anion and nitrogen 
carbanion (4) (Scheme 1) .  This 

provides the vinyl 
transformation, the 

[Rlq- R2 

( 3 )  

E 

+ A  
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( 5 )  
SCHEME 1 E+ = electrophile 

Shapiro r ea~ t ion ,~  of ketone into vinyl carbanion is the 
most convenient known. The intermediates (2), (3), 
and (4) have all been confirmed by capture with electro- 
p h i l e ~ . ~ , ~  Thus, for example, vinyl carbanions may be 
converted into de~terio-olefins,~~5 a, p-unsaturated alde- 
hydes (with NN-dimethylformamide) ,6 or vinyl silanes.' 
Paquette et aZ.7 have emphasised the versatility of the 
Shapiro reaction as a route to vinyl silanes. 

With an unsymmetrical ketone, the regioselectivity of 
t In all the formulae given herein Ts = 4-MeC,H4SO,; Tr = 

2,4,6-R1~C,HaSO,. 

the Shapiro reaction depends on the geometry of the 
initial tosylhydrazone and on the choice of solvent. 
Clearly (Scheme l), the position of the final olefinic bond 
depends solely on the site of initial C-H deprotonation in 
the formation of the dianion (3). In hydrocarbons or 
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SCHEME 2 

ethers the dianion (3) which is formed is exclusively syn. 
This syn-dianion effect 3 ~ ~ ~ 3  results from the monoanion 
(2) which co-ordinates and directs the incoming alkyl- 
lithium to deprotonate the anion (2) on the same flank of 
the C=N bond. Thus, in hydrocarbons or ethers the 
geometry of the tosylhydrazone alone controls the regio- 
selectivity. The two geometrically pure tosylhydrazones 
each give different vinyl carbanions regiospecifically 
(Scheme 2). In the solvent NNN'N'-tetramethylethyl- 
enediamine (TMEDA) the directional influence of the 
nitrogen atom in intermediate (2) is overwhelmed; 
TMEDA is a more powerful ligand for lithium(1). In 
TMEDA the least substituted dianion (3) is formed pre- 
ferentially. Thus, for example, in TMEDA methyl 
ketone tosylhydrazones give rise to terminal vinyl 
carbanions irrespective of the tosylhydrazone geometry. 
The suppression of the syn-dilithio-eff ect in TMEDA, 
especially in p-substituted ketone t osylh ydrazones, lo 

requires further study, 
The Shapiro reaction, however, has one severe limit- 

ation. The fragmentation of the dianion (3) to form 
the vinyl carbanion (4) is slow. Thus, protonation of 
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(4) by the solvent is a complication. In addition, the 
toluene-4-sulphonate ring is partially ortho-metallated by 
the alkyl-lithium reagent.9 Thus, on the addition of 
electrophiles other than water, the products (5; E # 
H) are often difficult to isolate and are formed only in 
poor yield. Bond et al. introduced ketone 2,4,6-tri- 
isopropylbenzenesulphonylhydrazones (hereafter trisyl 
= 2,4,6-tri-isopropylbenzenesulphonyl) to overcome 
these  disadvantage^.^ Clearly, ortho-metallation is pre- 
vented and the fragmentation [of type (3) into (4)] is 
more facile on account of the reduction of steric con- 
gestion. Prior to the work of Bond et aZ., Reese et 
aZ.11*12 utilised trisylhydrazones in a most elegant reduc- 
tive cyanation of ketones. 

xTr Bd'Li, 

X 

(6 )  
a; X=Me 
b; X = E t  

- 3 O C  
x q  - 

(11) 
a; X =  CH2 
b; X = MeCH 

\ 

(7) 
a ; X = M e  
b; X = E t  

(8) 
a ;X=Me 
b ; X = E t  

1 R'CO R2  

We considered that the Shapiro reaction should pro- 
vide a convenient ' one-pot , reaction for the conden- 
sation of two ketones and carbon dioxide to produce 
derivatives of 3-methylenetetrahydrofuran-2-one 
(Scheme 3). Prior to our preliminary publication,13 
Lipton and Shapiro described the preparation af homo- 

dNHTr 'N 
Tr HN , N HTr 

N 

allylic alcohols from tosylhydrazones.8 The addition of 
n-butyl-lithium to acetone trisylhydrazone (6a) in 1,2- 
dimethoxyethane (DME) at  -70 "C gave the dianion (8) 

R2 as a golden yellow solution which was stable a t  low tem- 
0- perature. Completion of the reaction was obvious since 

(10) (9) the monoanion (7) is colourless and complete formation 
of this was indicated by a golden end-point. To the 
golden solution was added acetone until it became 
colourless (reaction end-point) . Work-up gave the p- 
hydroxy-trisylhydrazone, initially as the 2-isomer (14) 

0- 

a; X = CH; 
b; X =CH,CH- 

a; x = M e  
b; X =Et  

co2Y hR' 
0 RZ 

(95%). In solution this equilibrated to generate the 
more stable E-isomer (15). Thus the dianion (9) must 
be geomtrically stable in s01ution.l~ Trisylhydrazone 
geometry is most conveniently assigned using n.m.r. 
spectroscopy.8 Analogously, but anone t risylhydrazone 
(6b) (predominantly the E-isomer) was converted into 
the 2-hydroxy-trisylhydrazone (16) (90%). 

Reaction of the dianion (8a) with undecan-2-one gave a 
solution of the dianion (9a; R1 = Me, R2 = n-C,H,,). 
Further addition of n-butyl-lithium gave the trianion 
(10a; R1 = Me, R2 = n-C,Hl,), vide infra, as an orange- 
yellow solution which is stable at low temperature. 
When the solution was warmed to -3 "C, the orange 
colour faded, nitrogen was evolved, and the alkoxy-vinyl 
dianion ( l l a ;  R1 = Me, R2 = n-CgHl,) was formed. 
Again, completion of this reaction was obvious from the 
colour changes. The dianion ( l l a ;  R' = Me, R2 = 
n-CgHl,) was quenched with D,O and subsequent reaction 
with 2,4,6-trimethylbenzonitrile oxide gave the isox- 
azoline (17) (85%). Both n.m.r. and mass spectral 
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data were consistent with a 90% D incorporation. 
Clearly, the dianion (1 la) was stable to the solvent. When 
the Shapiro reaction was repeated using tetrahydrofuran 
(THF) as solvent, the isoxazoline (17) was formed in 
lower yield (80%) with less D-incorporation (84%). 

Since the anions (Sa), (9a), (loa), and ( l l a )  were effici- 
ently produced, the ' one-pot ' synthesis of the methylene- 
lactones (12) and (13) was examined. Typically, n-butyl- 

acidity of the adjacent C-H protons and, secondly, 
should be able to direct the incoming n-butyl-lithium 
to anti-deprotonate and so give the chelated trianion (20). 
Consistent with incomplete deprotonation at  -70 "C we 
found that when n-butyl-lithium was added to the 
trisylhydrazone mixture of (15) and (14) ( E  > 2) at 
-78 "C and the solution was quenched with [2H,]acetone, 
the trisylhydrazone (21) (16%) and deuterium-free 

Ent ry  
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Compound I 
mmol Bl/mmol T1/"C 

(6a), 1.41 2.94 -50 
(6a), 1.00 3.00 -60 

(6a), 1.01 2.40 -70 
(6a), 0.99 2.40 -70 

(6a), 1.00 2.40 -50 

(6a), 1.28 3.00 - 50 
(6a), 1.01 2.40 - 66 

(6a), 1.15 2.16 - 65 

(6b), 1.02 2.64 - 65 

(6b), 1.00 2.40 - 65 

r- 
R1 

Me 
-c, 
Me 
Me 
H 
H 
Me 
Me 
Me 

Me 

TABLE 
R1*CO*R2 

a A, AcOH; B, CF,CO,H. s-Butyl-lithium was used. 

mmol 
1.55 
2.14 
1.92 
1.70 
1.62 
2.76 
1.36 
1.77 
1.68 

2.04 

lithium and acetone were added, in sequence, to acetone 
trisylhydrazone (6a) in DME at -70 "C to give compound 
(9a; R1 = R2 = Me). Further metallation gave com- 
pound (10a; R1 = R2 = Me) which decomposed at  -3 "C 
t o  give the alkoxy-vinyl dianion ( l l a ;  R1 = R2 = Me). 
Subsequently, carboxylation at  -78 "C and acidification 
with trifluoroace t ic acid gave 5 $-dime t hyl-3-met hyl- 
enetetrahydrofuran-2-one (l2h) (57%) .15 The reaction 
was applied to several aldehydes and ketones (see the 
Table). Clearly, the Shapiro reaction provides a highly 
convenient synthesis of diverse a-me t hylene-y-lac t ones. 
All except the ultimate step in the ' one-pot ' reaction 
had obvious colour-change end-points. 

Alternatively, the a-methylene-y-lactones were avail- 
able via p-hyd.roxy-trisylhydrazones. 4-Hydroxy-4- 
methylpentan-%one and trisylhydrazine gave the ex- 
pected hydrazones (14) and (15), E > 2. Metallation 
with n-butyl-lithium at  -78 "C gave a mixture of the 
trianions (10a; R1 = R2 = Me) and (18). These trianions 
were warmed to -3 "C, carboxylated at -78 "C, and 
acidified to give the expected methylene-lactone (12h) 
(74%). Similarly, the trisylhydrazone (16) gave the 
lactone (13b) ( E  : 2, 9 : 32,41y0). The predominance of 
the Z-geometry in the Shapiro reaction has ample pre- 
~ e d e n t . ~  

The formation of the trianion (10) via deprotonation of 
the dianion (9) deserves further comment. In contrast 
with Shapiro's observations 8 we found that the trianion 
(loa) was trapped by electrophiles. The addition of 
acetone to (10a; R1 = R, = Me) gave the expected pp'- 
dihydroxy-trisylhydrazone (19), albeit in poor yield 
(31%). Clearly the third metallation step [(9a)+(lOa)], 
which involved deprotonation anti to the arylsulphonyl 
group, was incomplete a t  -78 "C. I t  is most reasonable 
that the deprotonation was forced anti for two reasons. 
The oxy-anion in the dianion (9a) firstly must suppress the 

Ml I y2 I 
B2/mmol min T,/"C min Acid, g a Product 

1.54 15 0 60 A,  0.2 (12a), 33 
3.60 3 - 3  60 B, 1.5 (12b), 40 
2.40 5 - 3  120 B, 0.5 (12c), 61 
2.40 5 - 3  60 B, 1.0 (12d), 61 
3.00 5 - 3  50 B, 1.3 ( l2e) ,  62 
2.40 5 - 3  60 B, 1.3 (12f),  45 
2.16 10 - 4  50 B, 1.2 (12g), 66 
1.80 8 -5 40 B, 0.4 (12h), 57 
2.97 3 - 3  180 E-(13a), 5 
3.60 15 -5 60 :, r: \Z-(13a), E-(13b), 12 2 

Z(13b), 35 

starting material (14) and (15) (80%) were obtained. 
The two geometric isomers (14) and (15) were easily 
separable by chromatography. Each was separately 
converted into the respective trianions (10a; R1 = R2 = 
Me) (orange-yellow) and (18) (golden yellow). The tri- 
anion (18) was more easily formed since reaction with 
acetone gave the trisylhydrazone (19) (43%). With the 
geometric isomer (10a; R1 = R2 = Me) the yield of com- 
pound (19) was less (29%). In addition, the geometric- 
ally pure trianions were converted into the lactone (1211). 
The respective yields from (15) and (14) were (78%) and 
49%)- 

- 
TrN, 

-5 
0- 

(18) (19) 

NN Tr -3 Li,- 

tl0-H 

Since the a-met hylene-y-lactones (1 2) and (1 3) were 
readily prepared from p-hydroxy-trisylhydrazones we 
sought a route from y-hydroxy-trisylhydrazones to a- 
methylene-6-lactones. Such units also occur in cytotoxic 
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sesquiterpenesl n-Octyloxiran was converted,ls via the 
lactone (22), into 5-hydroxytridecan-2-one (23a). In 
contrast with the p-hydroxy-trisylhydrazones, the derived 
trisylhydrazone (23b) was unstable. However, without 

Ac 

0 a c 8 H 1 7 - n  

C8H 17'" 

characterisation, the crude trisylhydrazone (23b) was 
treated with n-butyl-lithium and carbon dioxide in the 
usual way. Work-up gave the lactone (24) in poor yield 
(23%). We considered that this low yield resulted from 
the facile decomposition of the hydrazone (23b) via 

PhC HZ O YFl2 
PhCH20 OCHZPh . 02 

Pr' 

(25) (26) 
a; R'=H, R ~ = O H  
b; R', R 2 = 0  

N - NHTs * OH 

Hxc'3H27 
(29) 

cyclisation and loss of 2,4,6-tri-isopropylbenzenesul- 
phinic acid and nitrogen. However, the reaction mix- 
ture obtained from decomposition of the hydrazone (23b) 
was intractable. In a related decomposition the ribose 
derivative (25a) 1' and trisylhydrazine gave the ribo- 
lactone (25b) 18 and sultone (26).19 In contrast to the 
hydrazone (23b), the less hindered tosylhydrazone (27) 
was stable. 

NNHTr 

(31) 
a; X =SPh 
b; X = SePh 

( 3 3 )  
a; R = H  
b; R =C5Hll-n 

HO X 

(35) 

b; X = C02H 
a; X = D  

(32) 
a; X = S P h  
b; X=SePh 

c ;  x = SeBu" 
d; X t  SeMe 

Ho N h l H T r  

\N 
TrHN 

The 3,5-dimethylenetetrahydrofuran-2-one unit (28) 
occurs naturally in the obtsusilactones, etc. [q. 
compound (29)].20 We considered that such systems 
should be available by the Shapiro reaction from a 
ketone, a keten, and carbon dioxide. Initially, we sought 
a concise route to the parent lactone (28). In a model 

0 reaction for keten, the reaction between the golden 
TrHN dianion (8a) and diphenylketen was examined. The only 

O K C H P h 2  product isolated was the CO-diacylated system (30) 

Phenylthioacetaldehyde or selenium analogues are 
Ph potential keten equivalents via late oxidation. The 

golden dianion (8a) was treated with phenylthio- and 

kN 

(257;). Clearly, masked ketens must be employed. 

(30) 
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phenylseleno-acetaldehyde to give the expected adducts 
(31a) and (31b). Neither could be converted efficiently 
into the derived a-methylene-y-lactones (32a) or (32b). 
The P-hydroxy-trisylhydrazone (31 b) was treated with n- 
butyl-lithium and carbon dioxide in sequence to give 
an abysmal yield of the lactone (32c) (l-20/o). That 
this was formed via transmetallation at selenium was 

J.C.S. Perkin I 
(26) was suppressed. Chromatographic purification of 
the methylene-lactones was sometimes complicated b y 
the sultone (26). 

Flash-vacuum pyrolysis 23 of the lactone (33a) a t  
550 "C and lo-* mmHg gave the analytically pure lactone 
(28). This reaction, via the retro-Diels-Alder loss of 
cyclopentadiene, has precedent .24 Octan-2-one trisyl- 

(8) - 

,NHTr 

U O l i  

S 
(40) 

, NTr L 
(37) I iv  

2Iii k 
(38) 1 v i  

-L 
( 4 3 )  

v i i  J 
H02C 

( 4 4 )  

,NHTr TrHN, 

i i , i i i  

3 x  i v  1 
I 

Tr N ,, LM + (38) 

( 4 5 )  

. F N H T r  

( 4 6 )  

(48) 

SCHEME 4 Reugepzts: i ,  CH,=CHCH,Br; ii, AcOH; iii, 25 "C;  iv, Bunli; v, Me,CO; vi, - 3  "C; vii, CO,, H,O+. 

established by the isolation of benzoic acid (17y0), 
formed via phenyl-lithium. An attempt to prepare the 
lactone (32d) from the dianion (8a) and methylseleno- 
acetaldehyde using methyl-lithium as base gave only 
fetid, intractable mixtures. Hetero-substituted keten 
equivalents were abandoned as reactants. 

Reaction of the golden dianion (8a) with norborn-2-en- 
n-butyl-lithium, and carbon dioxide in the usual 

way gave the spiro-lactone (33a) (61%). exo-Attack on 
norborn-2-en-5-one has ample precedent .22 In separate 
experiments the intermediacy of the usual anions was 
confirmed by the isolation of the hydroxy-trisylhydra- 
zone (34) and the deuterio-olefin (35a) (70y0, with a 
91 yo D incorporation). The lactonisation of the 
hydroxy-acid (35b) using trifluoroacetic acid was un- 
satisfactory. Acetic acid, however, was efficient and, 
additionally, attractive in that formation of the sultone 

hydrazone [predominantly the isomer (36)] was treated 
with n-butyl-lithium, norborn-2-en-5-one, n-butyl- 
lithium, carbon dioxide, and acetic acid to give the 
lactone (33b). The low yield (16%) of the lactone (3%) 
precluded flash-vacuum pyrolytic studies. 

Herein, we ha\Te demonstrated that the golden dianion 
(8) is highly versatile via hydroxy-alkylation reactions. 
As an alternative route to %met hylenet et rahydropyran- 
2-one derivatives, the allylation of the dianion (8a) was 
examined (Scheme 4). The golden dianion (8a) was 
treated with ally1 bromide at  -65 "C in DME for 1 h and 
gave the anion (37). This was geometrically stable in 
solution. In accord with the syn-dilithio-effect further 
reaction of the anion (37)  with n-butyl-lithium gave the 
golden dianion (38). Compound (38) was quenched with 
acetone to a colourless end-point to give the expected ( E ) -  
hydroxy-trisylhydrazone (39) (880/,) on acidification and 
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equilibration. The dianion (38) decomposed a t  -3 "C 
to give the vinyl carbanion (43). Subsequent carboxy- 
lation gave (E)-methylhexa-2,5-dienoic acid (44). 

Alternatively, the hydrazones (41) and (42) (15 : 85) 
were formed on the acidification of the anion (37) and 
equilibration. The hydrazone mixture (41) and (42) 
(15 : 85) was treated with n-butyl-lithium to give, in 
accord with the syn-dilithio-effect, the dianions (45) and 

R2 R' 

I 
(49) 

a; R ~ = R * = H  
b; R' = ~ e ,  R*=H 
c; R ' =  H, R2=Me 

(50) 
a ;  R = H  
b; R = M e  

R' 

+R2 NNHTr  

(51) 

a; R' = H, R2 = CH2CH=CH2 
b; R' = CHzCH=CHz, R 2  H 

(38), with the former predominant." This was con- 
firmed when the dianions were trapped with acetone to 
give the p-hydroxy-trisylhydrazone (46) (69%) as the 
principal product. The mixture of dianions (45) and 
(38) a t  - 3 "C gave the vinyl carbanions (47) and (43). 
As expected, on carboxylation, the principal product 
formed was 2-methylenehex-5-enoic acid (48). The acid 
(48) was treated with iodine to give the expected iodo- 
lactone (49a) [50% based on compounds (41) and (42)]. 
On treatment with 1,5-diazabicyclo[5.4.O]undec-5-ene 
(DRU) in benzene at  74 "C, smooth elimination of 
hydrogen iodide took place which gave the stable 3,6- 
dimethylenetetrahydropyran-%one (50a) (64%). 

The iodo-lactones (49b) (39%) and (49c) (6%) were 
prepared from butanone trisylhydrazone ( E  > 2) via 
the mixture of the hydrazones (51a) (major) and (51b) 
(minor). The predominant formation of the iodolactone 
(49b) was fully consistent with the syn-dilithio-effect 
[E-(6b) > Z-(6b), and E-(51a) > Z-(51a) after equilibra- 
tion]. The reaction of iodo-lactone (49b) with DBU in 
benzene at  reflux gave the expected lactone (50b) (71%). 

Clearly, the Shapiro reaction provides a most con- 
venient and concise route to the construction of a-methyl- 
ene-lactones. 

* The minor carboxylic acid product (44), derived from com- 
pound (38) ,  is unable to  iodolactonise. 

EXPERIMENTAL 

M.p.s were determined on a Kofler hot stage. 1.r. spectra 
were recorded as Sujol mulls (solids) or films (oils). N.m.r. 
spectra were recorded in deuteriocliloroform using tetra- 
methylsilane as an internal reference. Reagents and sol- 
vents were purified by standard techniques.26 TMEDA was 
distilled from potassium diphenylketyl onto sodium wire. 
DME was purified by reflux over sodium wire and distil- 
lation from potassium onto sodium wire. Aldehydes were 
freshly distilled from anhydrous calcium or magnesium 
sulphate. Acetone and butanone were freshly redistilled 
from phosphorus pentoxide. Reactions were carried out 
under dry, oxygen free [CrII] argon. Alkyl-lithium reagents 
(Aldrich) were added in drops for 5-10 min a t  low (bath) 
temperatures. Work-up refers to the following procedures. 
(A) The solution was evaporated and the residue, in solvent 
(given below), was washed with brine ( x 2), dried (Na,SO,), 
and evaporated. (B) The solution was evaporated and the 
residue, in water, was extracted ( x 2) with solvent (given 
below). The organic phase was dried (Na,SO,) and evap- 
orated. (C) The solution was evaporated and the residue, 
in water, was extracted with solvent ( x 2) (given below). 
The aqueous phase was acidified and saturated with sodium 
chloride or sodium sulphate and re-extracted with the 
solvent. The combined organic phase was dried (Na,SO,) 
and evaporated. 

Cliroiiiatography was carried out on Merck Kieselgel- 
[preparative layer chromatography (p.1.c.) with the 

eluants given in parentheses] or -H (flash chromatography) 26 

using solvent gradients. Eluted compounds are listed in 
order of increase in polarity. 

Preparation of Butanone 2,4,6-Tvi-isopropylbenzenesul- 
phonylhydvazone (Gb) .-2,4,6-Tri-isopropylbenzene- 
sulphonylhydrazine l2  (373 nig) was dissolved in butanone 
(5 nil). After 25 min evaporation and re-evaporation from 
dichloromethane (5 ml) and toluene (5 nil) gave the butanone 
t)isylhydi/azone (6b) (408 mg, 930,/,), m.p. 115-121 "C 
(from aqueous ethanol); vmaX, 3 250s, 1 605m, 1 325s, 
1300m, 1170s, 1 155s, and 660s, cm-l; BH 0.95 (3 H, 2 
overlapping t, J 7 Hz, MeCH,), 1.30 (18 H, 4 overlapping d, 
J 7 Hz, CHMe,), 1.77 and 1.82 (3 H, 2 s,  MeC=X), 2.10 (2 H, 
2 overlapping d, J 7 Hz, MeCH,), 2.83 (1 H, 2 overlapping 
septets, J 7 Hz, 9-CHRle,), 4.24 (2  H,  2 overlapping septets, 
J 7 Hz, o-CHMe,), 7.10 (2 H, s, aryl-H), and 7.50-8.40 
(1 H, br, SH); nz/e 352 (M+.), 267, 203, 86, 85, 72, and 56 
(base) (Found: C, 64.7; H, 9.15; N, 7.95. C1,H3,N2O2S 
requires C, 64.75; H, 9.15; N, 7.95%). 

Pvepaifation of Acetone 2,4,6-Tri-isopropylbenzenesul- 
phonylhydvazone (Ga) .-The trisylhydrazone (6a) (92 yo) 
prepared by a similar route to the hydrazone (6b), was re- 
crystallised from aqueous methanol, m.p. 136-138 "C 
(lit.,9 130-132 "C) (Found: C, 63.8; H, 8.95; hT, 8.25. 
Calc. for Cl,H,,N,O,S: C, 63.85; H, 8.95; N, 8.25%). 

Pvepavation of Octan-2-one 2,4,6-Tri-isopropylbenzene- 
sulphonylhydvazone (36) .-2,4,6-Tri-isopropylbenzenesul- 
phonylhydrazine (1.52 g), octan-2-one (0.692 g), Amberlite 
IR 120H (catalyst), and dichloroniethane (30 ml) were 
stirred for 2 h. Filtration, evaporation, and recrystallisation 
from aqueous ethanol gave the trisylhydrazone (36) (2.0 g, 
SO",), m.p. 87-89 "C (lit.,, 87-88 "C) (Found: C, 67.6; 
H ,  10.1; N, 6.9. Calc. forC,3H,,N,0,S: C, 67.6; H, 9.85; 
N, 6 .850 / ) .  

Pvepavation of (E)- and (2)  -4-Hydvoxy-4-nzethyZpentan- 
2-one 2,4,6-Tvi-isopropylbe~a~e~~esulplaonylhyd~azones (15) and 
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(14) .-A mixture of 2,4,6-tri-isopropylbenzenesulphonyl- 
hydrazine (0.742 g) and 4-hydroxy-4-methylpentan-2-one 
(0.289 g) in dichloromethane (10 ml) was refluxed for 30 min. 
Evaporation and recrystallisation from aqueous ethanol gave 
a mixture of the (E)- and (2)-tvisylhydrazones (15) and (14) 
(ca. 2 : 1) (0.92 g, 93%), m.p. 125-127 "C;  v~,,:,~. 3 580- 
3 350m (OH), 3 255m (NH), 1320m (SO,N), 1 265ni (OH), 
1 165 and 1 155s (SO,N), 1 135m (C-0), and 670m cm-1; BH 
1.05 and 1.30 (6 H ,  2 s, 4-Me), 1.24 (18 H,  4 overlapping d, 
J7Hz,CHMe2) ,  1.85and 1.97 ( 3 H , 2 s ,  l-Me),2.34and2.45 
(2 H, 2 s, 3'-CH,), 2.83 (1 H,  overlapping septets, J 7 Hz, 
p-CHMe,), 4.25 (2 H,  overlapping septets, J 7 Hz, o-CHMe,), 
7.15 and 7.17 (2 H ,  2 s, aryl-H), and 7.40-7.55 and 9.75- 
9.85 (1 H, 2 br, NH) ; m/e 396 (M+, weak), 381 (M" - Me), 

[M+ - (H,O + ArSO,), base], and 59 (Found: C, 63.5; H, 
9.3; N, 7.05; S, 7.95. C2,H3,N,0,S requires C, 63.6; H,  
9.15; N, 7.05, S, 8.1%). 

The 2-(14) and E-(15) isomers were readily separated by 
chromatography on Kieselgel H (eluant : diethyl ether- 
dichloromethane, 0 : 1-1 : 4) to give the (Z)-hydrazone(l4) 
(RF 0.6 on t.l.c., diethyl ether-dichloromethane, 1 : 9); BH 
1.28 (18 HI d, J 7 Hz), 1.30 (6 H, s), 1.97 (3 H, s), 2.45 (2 H,  
s), 2.60 (1 H, br m), 2.95 (1 H,  septet, J 7 Hz),  4.28 (2 H,  
septet, J 7 Hz), 7.2 (2 H, s), and 9.8 (1 H, s, NH);  m/e 396 
(M+*) ,  378, 338, 282, 267 (loo%), 241, 236, 221, 204, 189, 
161, 111, 97, 91, 59, 43, and 41; and the (E)-hydrazone (15) 
(RF 0.2 on t.l.c., diethyl ether-dichloromethane, 1 : 9); BH 

2.34 (2 H, s), 2.80 (1 H ,  br m), 2.84 (1 H, septet, J 7 Hz), 
4.27 (2 H, septet, J 7 Hz),  7.2 (2 H, s), and 7.6 (1 H,  s, NH);  
m/e 396 (AT+*), 381, 338, 282, 267 (loo%), 236, 221, 204, 189, 
161, 91, 59, 43, and 41. 

Reaction of the Dianion (8a) with A celone .-The sulphonyl- 
hydrazone (6a) (466 mg) was dissolved in DME (5 ml) and 
the solution was cooled to - 78 "C. n-Butyl-lithium ( 1 . 4 0 ~  ; 
2.2 ml) was added and gave a golden solution which was 
stirred for 15 min, warmed to -50 "C over 20 min, quenched 
with acetone (0.14 ml) until colourless, and warmed to 
25 "C. General work-up [(A) diethyl ether, glacial acetic 
acid] gave the (2)-hydrazone (14) (520 mg, 95%), n1.p. 
95-98 "C, initially exclusively as the less-polar Z-isomer by 
t.1.c. The product partially isomerised with time into the 
E-isomer ( 15). 

Preparation of (Z)-5-Hydvoxy-5-methylhexan-3-one 2,4,6- 
Tri-isopropylbenzenesulphonylhydrazone ( 16) .-The ( E ) -  and 
(2)-butanone hydrazones (6b) (1.06 g) were dissolved 
in DME (8 ml) and the solution was cooled to -78 "C. 
n-Butyl-lithium ( 1 . 2 0 ~ ;  6.0 ml) was added to give an orange 
solution which was warmed to - 65 "C over 10 min. Ace- 
tone (0.5 ml) was added as drops for 2 rnin to  give a solution 
which was quenched with glacial acetic acid (0.50 ml) in 
water (2 ml) a t  -60 "C, and warmed to 25 "C. General 
work-up [(A) diethyl ether], chromatography on Kieselgel 
H (20 g )  [eluant : dichloromethane], and recrystallisation 
from methanol and water gave the (2)-hydrazone (16) (1.11 g, 
90"/0), m.p. 132-134 "C; v , ~ , ~ ~ .  3 470s (OH), 3 080m (NH), 
1325s (SO,N), 1165 and 1155s (SO,N), 1125m (C-0), 
1035m, 912m, 885m, and 655m cm-l; 8~ 1.00 (3 H, t, J 7 
Hz, l-Me), 1.25 (18 H ,  overlapping d,  J 7 Hz, CHMe,), 
1.32 (6 H,  s, Me,C), 2.22 (2 H ,  q, J 7 Hz, 2-CH2), 2.44 (2 H, 
s, 4-CH2), 3.00 (1 H, overlapping septets, J 7 Hz, p-CHMe,), 
4.20 (2 H ,  overlapping septets, J 7 Hz, o-CHMe,), 7.10 (2 H ,  
s, aryl-H), and 10.10 (1 H, br, NH);  m/e 410 (M"),  395 
(M+ - Me), 352 [M+' - (C,H,O)], 204, 189 (base), and 

379 (M' - OH), 378 (M" - HZO) 269, 267, 189, 111 

1.05 (6 H, s), 1.2-1.35 (18 H ,  2 d ,  J 7 Hz), 1.85 (3 H,  s), 

161 (Found: C ,  64.5; H,  9.4; N, 6.85. C2,H,aN,0,S 
requires C, 64.35; H,  9.35; N, 6.8%). 

Pvepavation of 5- (2-Hydroxy-2-metlzylundecyl)-3- (2,4,6-tvi- 
methylphenyl)-2-[5-2H,]isoxazoline ( 17) f rom the Sulphonyl- 
hydrazone (6a) using D M E  as Solvent.-The sulphonyl- 
hydrazone (6a) (399 mg) was dissolved in DME (5 ml) and 
the solution was cooled to - 78 "C. n-Butyl-lithium (1.20111 ; 
2.0 ml) was added to give an orange solution which was 
stirred for 10 rnin and then warmed to -50 "C over 20 min. 
Undecan-2-one (0.30 ml) was added to give a clear solution 
which was recooled to -78 "C and treated with further n- 
butyl-lithium ( 1 . 2 0 ~ ;  1.3 ml). The resultant red solution 
was stirred for 10 min, warmed to -3 "C over 1 11, and 
quenched with deuterium oxide (0.50 ml). General work- 
up [(B) diethyl ether] and chromatography on Kieselgel H 
(20 g) (eluant : dichloromethane) gave crude 4-liydroxy-4- 
methyl[2-2H,]tridec-l-ene (340 mg) [m/e 213 ( M + * ) ] ,  a 
sample of which (171 mg) was dissolved with 2,4,6-tri- 
methylbenzonitrile oxide 27 (129 nig) in THF (5 ml). The 
resultant solution was stirred for 10 d.  Evaporation and 
Chromatography on Kieselgel H (20 g) [eluant: dichloro- 
methane-diethyl (1 : 0-4 : l ) ]  gave the isoxazoline (1 7) 
(189 nig, 85%) as an oil; vmaX. 3 430ni (OH), 2950s, 2 850s, 
1615m (C=N), 1460s, 1435m, 1380m (OH), 1330m, 910m, 
850m, and 730m cni-l; BH 0.70-1.00 (3  H, br, MeCH,), 
1.05-1.70 [19 H,  br, Me(CH,),, MeCO], 1.70-3.40 (5  H, 
m, 4-CH2), 1'-CH,, OH), 2.20 (6 H, s, o-Me), 2.23 (3 H,  s, 
p-Me), and 6.80 (2 H,  s, aryl-H); nz/e 374 (M+*) ,  359 
(M' - Me), 247 ( M +  - n-C,H,,), 188 (Mt' - C,,H,,O, base), 
159, and 145, (goyo nionodeuteriated) (Found: C, 76.7; H, 
10.65; N, 3.65. C,,H3,2H,N0, requires C, 76.95; H,  10.75; 
N, 3.75%). 

Preparation of the Isoxazoline (1 7) f v o m  the Sulphonyl- 
hydrazone (6a) using T H F  as Solvent.-The sulphonyl- 
hydrazone (6a) (344 nig) was dissolved in T H F  (10 ml) and 
the solution was cooled to - 78 "C. n-Butyl-lithium ( 1 . 2 0 ~  ; 
2.5 ml) was added and gave a yellow solution which was 
warmed to -65 "C over 10 niin. Undecan-2-one (0.45 ml) 
was added and gave a clear solution which was recooled to 
- 78 "C. n-Butyl-lithium ( 1 . 2 0 ~  ; 3.0 nil) was again added 
which gave an orange solution which was warmed to 0 "C 
over 75 niin and to 15 "C over a further 80 min. lleuterium 
oxide (2.0 ml) was added and the solution was warmed to 
25 "C. A similar work-up and reaction with 2,4,6-tri- 
methylbenzonitrile oxide gave the isoxazoline (1 7) (80%) 
identical [t.l.c., n.m.r., and m/e (84% nionodeuteriated)] 
with an authentic sample. 

Geneva1 Preparation of the ct-Methylene-y-lactones ( 12) and 
( 13) .-The ketone hydrazone (6a) or (6b) was dissolved in 
DME (5 ml) and the solution was cooled to -78 "C. n- 
Butyl-lithium (B,, Table) was added, the solution was 
warmed to T ,  (Table) and treated with ketone or aldehyde. 
(Table). The solution was recooled to - 78 "C, treated with 
n-butyl-lithium (B,, Table), stirred for M I  min, warmed to 
T,  over M ,  rnin (Table), and recooled to -78 "C. After 
the mixture had been quenched with carbon dioxide gas for 
1 min i t  was warmed to 25 "C; general work-up [(C), CH,Cl,], 
chromatography on Kieselgel H, and p.l.c., in sequence, gave 
the a-methylene-y-lactones (12) or (13) (see the Table). The 
spectral and analytical data of these compounds are given 
below. 

5-Met~tyl-3-methylene-5-nonyltetvahydvofuran-2-one (1 2a). 
Compound (l2a) (111 mg, 33%) was obtained as an 
oil; vmSx. 2 925s, 2 860s, 1 770s ( G O ) ,  1470m, 1 385m, 
1285s (C-0), 1120m, 1 loom, 1065m, 940s, (CH,=), and 



1981 

905m cm-l; Ba 0.75-1.05 (3 H, br, MeCH,), 1.15-1.50 
( 1 6 H ,  br, [CH,],), 1.35 ( 3 H ,  s ,  &Me), 2.70 (2 H, q, J 2.5Hz,  
4-CH2), 5.50 (1 H, dd,  J 3,3 Hz, =CH,), and 6.13 (1 H, dd,  J 
3.3 Hz,  =CH,); rn/e 239 (M" + H), 223 ( M +  - Me), 
195 (Mt - Pr) ,  154 [ ( M k  + H) - n-C,H13], 126 [(M' + 
H) - C,Hl,], 111 [ M 1 -  - n-C,H,,, base], and 55 (Found: 
C, 75.15; H ,  10.95. C,,H,,O, requires C, 75.6; H, 

3-Methylene- l-oxaspiro[4,5]decan-2-one (1 2b). Com- 
pound (12b) (66 mg, 40%) was obtained as  an  oil; v,,,~,. 
2 940s, 2 875m, 1 765s ( G O ) ,  1290s, 1280s (C-0), 1265m, 
1240m, 1193s (C-0), 1130m, 1104s, 1033s, 961s, and 
938m cm-l; BH 1.10-2.10 (10 H, br, [CH,],), 2.64 (2 H, t, 
J 2.5 Hz, 4-CH2), 5.40-5.60 (1 H, m, =CH,), and 5.96-6.14 
(1 H, m, =CH,); rn/e 166 ( M + ' ) ,  123, 111, 97 (base), and 
68 (Found: C, 72.35; H, 8.7. Calc. for C,,H,,O,: C, 
72.25; H, 8.57"). 

5-Hexyl-5-nzethyl-3-rnethylenetetvahydvo~u~~an-2-one (1 2c). 
Compound ( lac)  (154 mg, 61%) was obtained as  an  o i l ;  
vI,,,,. 2 925s, 2 855m, 1 762s, ( G O )  1 280s (C-0), and 940m 
cni-l (=CH,); B H  0.75-1.10 (3 H, br, MeCH,), 1.10-1.80 
(10 H, br, [CH2I5), 1.32 (3 H ,  s,  5-Me), 2.58-2.76 (2 H, br  
4-CH2), 5.58 (1 H,  m, =CH,), and 6.05 (1 H, in, =CH,) ; wz/e 
197 (illt + H), 181 (M+ - Me), 111 ( A f t  - n-C,Hl,, base), 
68, 55, and 43 (Found: C, 73.2; H ,  10.25. C1,H,,O, 
requires C, 73.45; H, 10.250/). 

5-Et~zyl-5-methyZ-3-methyZenetetra~zydrofuvan-2-one 2B ( 12d). 
Compound (1 2d) (86 mg, 6 1 yo) was obtained as  an oil; vnlax. 
1760s (CEO), 1285s, 1270s (C-0), 1095m, 1085m, and 
940m cm-I (=CH,) ; SIE 0.96 (3 H, t, J 7 Hz, MeCH,), 1.36 
(3  H, s ,  5-Me), 1.70 (2 H, q ,  J 7 Hz,  MeCH,), 2.60-2.76 (2 H, 
m, 4-CH2), 5.50 (1 H, m,  =CH,), and 6.10 (1 H, t, J 3 H z  
=CH,); m/e 140 (&I+'),  126, 111 (Mf - Et, base), 97, 69, and 
68 (Found: C, 68.45; H, 8.85. Calc. for C,H,,O,: C,  68.55; 
H, 8.6%).  

3-Methylene-5-fivopyltetvahydrofuran-2-one 30 ( lee) .  
Compound (12e) (87 mg, 62%) was obtained as an oil; v,,,,,. 
2 965s, 2 940s, 2 880m, 1 760s ( G O ) ,  1 670m (C=C), 1 400m, 
1 340m, 1 270s (C-0), 1255s, 1 155s, 1 115s (C-0), 1 105s, 
1 OOOs,  and 940m cm-l (=CH,); 0.70-2.00 (7 H, br, 
I'm), 2.40-3.50 (2 H ,  ni, 4-CH2), 4.28-4.80 (1 H, m,  5-CH), 
5.52 ( 1  H, t, J 2.5 H z ,  =CH,), and 6.12 (1 H ,  t, J 2.5 Hz,  
=CH,); nz/e 140 (Af'.), 111 (,+I+ - Et), 97 ( A f t  - Pr", 
base), 69, and 68 (Found: C, 68.5; H, 8.85. C.alc. for 
C8Hl2O,: C, 68.55; H ,  8.6%)). 

5-Ethyl-3-nzethyZenetet~vahyd.vofuvan-2-one (1 2f). Coni- 
pound (12f) (56 nig, 45%) was obtained as  an  o i l ;  vnlaK. 
2 970s, 2 940s, 2 880m, 1 765s ( G O ) ,  1 670m (C=C), 1 465m, 
1 440111, 1 400m, 1 350s, 1 275s (C-0), 1 250s, 1 190m, 
1 lGOs, 1 115s (C-0), 1 090s, 1 OOOs, 985m, 960s (=CH,), and 
815111 cn1-l; B I 1  1.00 (3 H ,  t, -1 7 Hz,  MeCH,), 1.70 (2 H, dq, 
J 7 H z ,  MeCH,), 2.30-3.40 (2  H, m,  4-CH2), 4.50 (1 H, ca. 
quintet, J 7 Hz, 5-CH), 5.60 (1 H, t, J 2.5 Hz, =CH,), and 
0.10 (1 H, t, J 2.5 Hz, =CH,); wz/e 126 (M+' ) ,  111 ( M +  - 
Me), 97 ( M +  - Et, base) 69, 68, 44, and 40 (Found:  C, 
66.65; H ,  8.1. C,H,,O, requires C, 66.65; H, 8.0%). 

5-Isobu~yl-5-nzet~~yl-3-nzellzylenetetvahyd~ofuvan-2-one 2Q 

(1 2g). Compound (1 2g) (1 29 mg, 66O/) was obtained as an 
oil; v,,,,~. 2 96Om, 2 930ni, 1 765s (CEO) ,  1 670ni (C=C), 
1 470m, 1 420m, 1 382m, 1 370m, 1 285s (C-0), 1 270m, 
1 2021n, 1 170m, 1 loom, 1 090m, 1045m, 940s (=CH,), and 
812111 c11i-l; 811 0.99 (6 H, cld, J 6, 1 Hz, CHMe,), 1.42 (3 H, 
s, 6-Me), 1.64 (3 H, 1x1, CH,CHMe,), 2.75 (2 H, t, J 2.5 Hz,  
4-CH2), 5.60 (1 H, t, J 3.5 H z ,  =CH,), and 6.18 (1 H ,  t, 
J 2.5 Hz, =CH,); wz/e 168 (M'.) ,  153 ( M +  - Me), 111 

1 1 .OY0). 

( M +  - Bui, base), 97, and 58 (Found: C, 71.2; H, 9.75. 
Calc. for C1,H,,O,: C, 71.35; 9.6%). 

5,5-DimethyZ-3-methylenetet~ahydvofuvan-2-one lG (12h). 
Compound (12h) (72 mg, 57%) was obtained as an oil; v,,,,. 
2 980m, 2 937m, 1760s ( G O ) ,  1670m (C=C), 1403m, 
1392m,  1380ni, 1280s (C-0), 1188m, 1127m, 1087s 
(C-0), and 942s cm-l (=CH,); 8~ (CCl,), 1.40 (6 H, s, 5-Me), 

and 6.08 (1 H,  t ,  J 2.5 Hz, =CH,); m/e 126 (Ad+*), 111 
( M +  - Me, base), 83, 68, 43, and 40 (Found: C, 66.4; H, 
8.05. Calc. for C,Hl,O,: C, 66.6; H, 8.0%).  

(E)-3-EthyZidene-5-isobuty2-5-methyZtetrahydvofuvan-2-one 
(13a). Compound E-(13a) (9 mg, 5%) was obtained as  
an  o i l ;  vl,,,,~ (CCl,) 2 970m, 2 930m, 1 765s ( G O ) ,  1 690m 
(C=C), 1290m, 1275m, 1230m (C-0), 1125m (C-0), 
1 020m, and 950m cm-l; BR (CC1,) 0.95 (6 H, 2 overlapping 
d,  J 6.5 Hz, CHMe,), 1.20-1.70 (3 H, br, CH,CHMe,), 
1.32 (3 H, s ,  5-Me), 1.76 ( 3  H, d t ,  J 7 ,  1 Hz, MeC=), 2.44- 
2.68 (2 H ,  m, 4-CH2), and 6.40-6.90 (1 H ,  br, HC=); rn/e 
182(M+*), 167 ( M +  - Me), 125 ( M +  - Bui, base), 111, 97, 
and 81 (Found: C, 72.35; H, 10.2. CllH180, requires, C, 
72.5; H, 9.95%). 

(Z)-3-EthyZidene-5-isobutyl-5-methyltetvahydvo furan-2-one 
(13a). Compound Z-(13a) (22 mg, 12%) was obtained 
as an o i l ;  v,,,,,, (CC1,) 2 960m, 2 930m, 2 880m, 1 760s, 
( G O ) ,  1680m (C=C), 1470m, 1445m, 1 385m, 1355ni, 
1215s (C-0), 1115s (C-O), 1095m, and 9551n cm-l; 8~ 
(CC1,) 0.96 (6 H, 2 overlapping d ,  J 6.5 Hz,  Me,CH), 1.20- 
1.80 (3 H, br, Me,CHCH,), 1.30 (3  H ,  s ,  5-Me), 2.14 ( 3  H, 
d t ,  J 7, 2.5 Hz, MeC=), 2.50-2.70 (2  H, ni, 4-CH2), and 
5.90-6.40 (1 H, m, HC=); m/e 182 (M") ,  167 (M+ - Me), 
125 (ill+ - Bui, base), 111, 97, and 83 (Found: C, 72.25; 
H ,  10.3. Cl1Hl,O, requires C, 72.5; H ,  9.95%. 

(Z)-3-Etlzylidene-5,5-dinzelkyltet~a~~ydvofuran-2-on~ (1 3b). 
Compound Z-(13b) (49 mg, 35%) was obtained as  an  o i l ;  
vlnax, 2 980m, 2 930m, 1 750s ( G O ) ,  1680m (C=C), 1445m, 
1390m, 1 375ni, 1355ni, 1 30%, 1267m, 1250s, and 1210s 
(C - 0), 1180m 1 127s, 1 096s, 963m, and 927m cm-l; sH 
1.40 (6 H, s ,  5-Me), 2.14 (3  H, d t ,  J 7, 2.5 Hz ,  MeC=), 2.56- 
2.80 (2  H, m, 4-CH2), and 5.90-6.50 (1 H, m, HC=); m/e 
140 (M",  base), 125 (M' - Me), 95, 84, 82, 55, and 49 
(Found: C, 68.4; H, 8.75. C8H1202 requires C, 68.55; H, 
8 .6%) .  

( 13b) , 
Compound E-(13b) (3 mg, 206) was obtained as an  oi l ;  vnlax. 
2 980m, 2 935m; 1 755s (c=O), 167Om (C=C), 1445ni, 
1 3901n, 1377m, 1 274s (C-0), 1 200s, 1 177ni, 1 120m (C-0) 
1 030m, 981m, 923m, and 714m cm-'; SFI (CC1,) 1.40 (6 H ,  s,  
&Me), 1.84 ( 3  H, dt ,  J 7, 1.5 Hz, MeC=) 2.50-2.72 (2 H, br, 
4-CH,), and 6.40-6.84 (1 H, br, HC=); rn/e 140 (Ill+*), 
125 ( A t +  - Me), 82 (base), 55, 44, and 43 (Found: C, 68.46;  
H, 8.75. C,H1,O, requires C, 68.55; H, 8.6:i). 

Pvepavation of the a-Methylene-y-Zactone (1 211) fvom the 
(E)- and (Z)-hydvoxysul~honylhydrasones ( 15) and ( 14) .-A 
misture of the ( E ) -  and (2)-hydroxy-sulphonylhydrazones 
[( 14) < (15)] (436 mg) was dissolved in DME ( 5  ml) and the 
solution was cooled to  - 78 "c. n-Butyl-lithium (1.201~1, ; 
3.7 nil) was added and gave a yellow solution which was 
warmed t o  - 3  "C over an hour, recooled t o  -78 OC, 
quenched with carbon dioxide gas for 1 min, and warmed to  
25 "C. General work-up [ (C) dichloromethane, trifluoro- 
acetic acid (1 g)] afforded a crude residue which was dis- 
solved in dichloromethane (10 ml) and left at 0 "C overnight. 
Chromatography on Kieselgel H (1 2 g) [eluant : light 
petroleum-diethyl ether (1 : 0-1 : l)] and p.1.c. [three 

2.70 (2 H, t, J 2.5 Hz, 4-CH,), 5.52 (1 H, t, J 2.5 Hz, =CH,), 

( E )  - 3-Ethylidene-5,5-dZnaethyltetvahydvo fuvan-2-one 
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developments with light petroleum-diethyl ether ( 1  3 : 7)] 
gave the a-niethylene-y-lactone (12h) (102 mg, 74%) 
identical (t.1.c. and n.m.r.) with an authentic sample. 

Preparation of the cc-Ethylidene-y-lactone ( 13b) from the 
Hydroxysulphonyl-hydrazone ( 16) .-Mainly the Z-hydroxy- 
sulphonylhydrazone (16) (408 mg) was dissolved in DME 
(5 ml) and the solution was cooled to -78 "C. n-Butyl- 
lithium (1.34111; 3.0 nil) and s-butyl-lithium ( 0 . 7 8 ~ ;  2.0 ml) 
were added, the solution was warmed to - 3 "C over 95 niin, 
recooled to -78 "C, quenched with carbon dioxide gas until 
colourless, and then warmed to 25 "C. General work-up 
[(C) dichloromethane, trifluoroacetic acid ( 1 . O  g)], chroniato- 
graphy on Kieselgel H (20 g) (eluant: dichloroniethane), 
and p.1.c. [three developments with light petroleuni- 
diethyl ether (3 : I)] gave the (2)-ethylidene-y-lactone 2- 
(13b) (44 nig, 32%) and the (E)-ethylidene-7-lactone E-( 13b) 
(12 mg, 9%),  both identical (t.1.c. and n.m.r.) with authentic 
samples. 

Preparation of 2,6-Dihydroxy-2,6-dimethylJieptan-4-one 
2,4,6- Tvi-isopropylbenzenesul~honylhydvazone ( 19) .-The 
sulphonylhydrazone (6a) (366 mg) was dissolved in I)ME ( 5  
ml) and the solution was cooled to -78 "C. n-Hutyl- 
lithium (1 .ZM ; 2.1 1111) was added and gave a golden solution 
which was quenched with acetone (90 pl) . n-Butyl-litliiuni 
( 1  .ZM ; 1 . O  nil) was added and gave an orange-yellow solution 
which was quenched with acetone (120 pl). Glacial acetic 
acid (0.33 g) was added and the solution was warmed to 
25 "C. General work-up [(A) dicliloronietliaxie], clironiato- 
graphy on Kieselgel H (20 g) [eluant : dichloronietliaxie- 
diethyl ether (1 : 0-7 : 3)], and p.1.c. [three developments 
with dichloroniethane-diethyl ether (9  : l ) ]  gave a mixture of 
tlie (E) -  and (2)-hydroxy-hydrazones (15) and (14) (152 nig, 
350/,), identical (t.1.c. and n.1ii.r.) with an authentic sample, 
and the hydvoxy-hydrazone (19) (153 m g ,  310/,), m.p. 151- 
153 "C (from dichloromethane and dietliyl ether) ; v,,,#,~. 
3 300m (OH, NH), 3080m (OH, NH), 13301n (SO,-N), 
1 168m and 1 158m (S02-K), 910m, and 880111 cn- l ;  8~ 
1.10-1.50 (30 H, ni, Me), 2.40 (2 H ,  s, CH,), 2.50 ( 2  H, s, 
CH,), 2.86 ( 1  H, septet, J 7 Hz, p-CHMe,), 3.44 ( 2  H, br, 
OH), 4.17 ( 2  H, septet, J 7 Hz, o-CHMe,), 7.10-7.25 (1 H,  
br, NH), and 7.20 (2  H ,  s, aryl-H) ; m/e 454 ( M " ) ,  438, 381, 
332, 267, 251, 233, 204, 189 (base), 161, and 127 (Found: C, 
63.35; H ,  9.35; N, 6.15. C,,H4,N20,S requires C, 63.4; H, 
9.3; N, 6.15%). 

Preparation o j  2,6-Dihydvoxy-2-( [2H3]unethyl)-6-metlzyl- 
[ 1-2H.J heptan-4-one 2,4,6- Tri-isopvopylbenzenesulphonylhydv- 
azone (2 1) .-The hydroxy-sulphonylhydrazones ( 14) and 
(15) (423 mg) were dissolved in DME ( 5  ml) and the solution 
was cooled to -78 "C. n-Rutyl-lithium ( 1 . 1 ~ ;  3.6 ml) was 
added and gave an  orange-yellow solution which was warmed 
to -70 "C over 20 min and quenched with [2H6]acetone 
(0.25 ml). The solution was warmed to -60 "C, treated 
with buffer (pH 6.5), and warmed to 25 "C. General work- 
up [(B) diethyl ether], chromatography on Kieselgel H 
(20 g )  [eluant: dichloromethane-diethyl ether (1 : 0-4 : l)], 
p.1.c. [three developments with dichloroniethane-diethyl 
ether (9 : l)] ,  and recrystallisation from methanol and water 
a t  26 "C gave a mixture of (E) -  and (2)-hydroxy-sulphonyl- 
hydrazones (15) and (14) (340 mg, 800/), identical (t.1.c. and 
n.m.r.) with an authentic sample, and the deutevio-hydvoxy- 
sulphonylhydrazone (21) (78 mg, 16%), m.p. 141.5-142.5 "C; 
v,,,~. 3 300s, (NH), 3 090s (OH), 2230ni (C-,H), 1625ni 
(C=N), 1602s (C=C), 1565m, 1410s, 1340s (SO,-N), 
1295m, 1270m, 1255m, 1230m, 1205ni, 1 195111, 1 180111, 
1 165 and 1 155s (SO,-N), 1 105m, 1065m, 1050m, 1040m, 

975m, 940m, 930m, 920ni, 905s, 890m, 845ni, 820m, 765m, 
670% and 655m an-'; 1.12 and 1.35 (6 H,  2 s, 6-Me), 1.24 
(18 H,  overlapping d, J 7 Hz, CHMe,), 2.37 and 2.48 (4 H, 
2 s, 3,5-CH,), 2.92 (1 H, septet, J 7 Hz, p-CHMe,), 3.25 
(1 H, br s, OH), 4.25 (2 H, septet, J 7 Hz, 0-CHMe,), and 
7.25 (2 H, s, aryl-H); wz/e 461 (&I1-' + H),  445 (M+ - Me), 
402 (Aft '  - C3H60), 396 (M" - C3,H60), 267 (base), 135, 
and 129 (Found: C, 62.45; H,  9.35;  N, 6.05. C2,H3,,H6- 
X2O4S requires C, 62.55; H, 10.51; II;, 6.lY0). 

Pveparation of the Hydvoxy-sulphonylhydvazone ( 19) f rom 
the (E)-Hydvoxy-sztlfihonyZhydvazone (15) .-The (E)-hydroxy- 
sulphonylhydrazone (15) (398 nig) was dissolved in DME 
(5 ml) and the solution was cooled to -76 "C; n-butyl- 
lithium ( 1 . 3 ~ ;  4.0 ml) was added to it and the solution was 
warmed to -G5 "C over 20 min. The golden trianion (18) 
was quenched with acetone (0.30 ml), warmed to -60 "C, 
treated with glacial acetic acid (0.4 g), and warmed to 
25 "C. General work-up [(B) dietliyl ether], chromato- 
graphy on Kieselgel H (20 g) [eluant : dicliloromethane- 
diethyl ether (1 : 0-3 : l ) ] ,  and p.1.c. [three developnients 
with tlichlorometliane-diethyl ether (9 : l ) ]  gave a mixture of 
(~5)- and (~~-hydi-oxy-sulphonylliydrazones ( 15) and ( 14) 
(1 16 nig, %I(;(,), identical (t.1.c. and n.1n.r.) wit11 an authen- 
tic sample, and the liydrosy-sulplionylliytlrazone (19) (233 
nig, 51(;{)), identical (t.1.c. and n.m.r.) wit11 an autlientic 
sample. An identical sequence applied to the (%)-liydrosy- 
sulphon~rlliydrazone (14) (400 nig) gave, via tlie orange tri- 
anion (10a; It1 = I t 2  = Me), a mixture of the (E) -  and (Z)- 
liydroxy-sulphonylliydrazones (15) and (14) (173 nig, 43%), 
and the liydroxy-sulphonyll~yclrazone ( 1  9) (140 mg, 300,:), 
all identical (t.1.c. and n.m.r.) with authentic samples. 

Preparation of the cc-Methylene-y-lactone (1211) f ~ o m  the (E)- 
Hydvoxy-sulplLonyl~Lylydvazone ( 15) .--7'1ie ( E )  -1iydroxy-sul- 
plionylhydrazonc (15) (378 nig) was dissolved in DRlE ( 5  nil) 
and the solution was cooled to -78 "C; n-butyl-lithium 
( 1 . 3 0 ~ ;  4.4 nil) was then added to i t .  The solution was 
warmed to - 3 "C over 80 min, recooled to - 78 "C, quenched 
with carbon dioxide gas, and warmed to 25 "C. General 
work-up [(C) dichloroniethane, trifluoroacetic acid (1 .0 g)], 
chromatography on Kieselgel H (14 g) [eluant: dicliloro- 
methane], and p.1.c. [one development with dichloro- 
methane] gave the a-niethylene-y-lactone (1211) (94 nig, 
78:/0), identical (t.1.c. and n.m.r.) with an authentic sample. 

An identical sequence applied to the (2)-hydroxy-sul- 
plionylhydrazone (14) (417 mg) gave the cc-niethylene-y- 
lactone (1211) (65 mg, 49y0), identical (t.1.c. and n.m.r.) with 
an authentic sample. 

Pvepavation of 3-Acetyl-5-octyltetralzydrofuvan-2-one (22). 
-Sodium (0.66 g) was dissolved in ethanol and the solution 
was cooled to 0 "C; ethyl acetoacetate (3.25 g) was then 
added to i t .  This was followed by 1,2-epoxydecane (4.5 g) 
aiter which the solution bvas warmed to 25 "C, stirred for 
5 d ,  evaporated, and quenched with glacial acetic acid (1.82 
g) in ice-water ( 5  g). The excess acid was neutralisecl with 
solid sodium liydrogencarbonate. General work-up [ (€3) 
dietliyl ether] and clirolnatograpliy on Kieselgel H [ ( i )  35 
(ii) 30 g; eluant (i )  dicliloronietllane, (ii) light petroleuni- 
dichloromethane (1 : 0-0 : l ) ]  gave tlie impure lactone (22) 
(5.08 g) ,  ca. 750/, pure by n.m.r. spectroscopy. A sample 
was purified by p.1.c. [one development with light petroleuni- 
dichloroniethane ( 1  : 2)] to yield tlie lactone (22) as an oil; 
vIIIILY. 2 930s, 2 865s, 1 775s (O-C=o), 1 730s (C=o), 1 470111, 
1 367m, 1 235s, and I 165s (C-0) ;  BfT 0.73-1.05 ( 3  H, br, 
MeCH,), 1.15-2.20 (14 H ,  br, [CH,],), 2.20-2.30 ( 2  H ,  in, 
4-CH2), 2.41 and 2.45 (3  H, 2 s, MeC=O), 3.GO-3.00 (1 H ,  



m, 3-CH), and 4.30-4.70 (1 H ,  br, 5-CH); m/e 240 (&I+'), 
212 (M+' - CO), 138, 114, 97, 81, and 55 (base) (Found: C, 
69.75; H ,  10.2. C14H2403 requires C, 69.95; H ,  10.05y0). 

Pvepavation of 5-Hydroxytvidecan-2-one (23a) .--?'he im- 
pure keto-lactone (22) (4.6 g), concentrated hydrochloric 
acid (2 ml), and water (1 1 nil) were heated a t  50 "C for 5 d .  
Diethy1 ether (50 nil) was added and the aqueous phase was 
neutralised and saturated with potassium carbonate. 
General work-up [ (B) diethyl ether] and chromatography on 
Kieselgel H (30 g) [eluant : dichloromethane-diethyl ether 
(1 : 0-0 : l ) ]  gave 5-hydroxytridecan-%one (23a) (2.06 g, 
390; from ethvl acetoacetate) as an oily solid; v,,~,\.~. 3 050111 
(OH), 1710s ( G O ) ,  and 1100s (C-0) cm-l; m/e 214 ( A f t * ) ,  
197 ( M +  - OH), 101 (Mt - n-C,H,,), 83, and 62. Treat- 
ment of the ketone (23a) (105 mg) with 2,4-dinitrophenyl- 
liydrazine (103 mg) gave 5-J~ydvoxytvidecan-2-one 2,4-di- 
IzitvopJ~enylhydvazone (23c) (168 mg, 87%), m.p. 61.5-63.0 
"C (from methanol and water at 0 "C); v], ,~,~.  (CCl,) 1 625s 
(C=x), 1 6OOm (C=c), 1 345s (Ch'o,), and 1 320111 c ~ i i - ~ ,  
sir 0.80-1.06 ( 3  H, br, 12-Me), 1.15-2.00 (16 H ,  br, 4- 
CH,, [CH,],), 2.10 and 2.17 ( 3  H, 2 s, 1'-Me), 2.65 (2 H, ca. 
t, J 7.5 Hz, 3'-CH,), 3.55-3.00 (1 H ,  br, 5-CH), 7.96- 
8.50 (3 H, m, aryl 5-, 6-H, HC=N), 9.20 (1 H, d ,  J 2.5 Hz, 
aryl 3-H), and 10.95 (1 H, br, XH); iu/e 394 (fWt'), 377 (PI+ 
- OH), 281 ( M +  - n-C,H,,), 196 (base), 83, 71, and 55 
(Found: C, 57.7; H, 7.6; N, 14.4. C,,H,,N,O, requires C ,  
57.85; H,  7.65; N, 14.27;). 

ryepavation of 3-MetJzylene-G-octyltetvccl~}lds~~yv~n-2-one 
(24) .-5-Hydroxytridecan-2-one (23a) (214 nig) and 2,4,6- 
tri-isopropylbenzenesulplionylliydrazine (298 nig) were 
dissolved in dry diethyl ether. Activated 4 molecular 
sieves (0.5 g) and Amberlite IR-l20H resin catalyst were 
added and the mixture was stirred for 30 niin. T.1.c. 
analysis indicated the presence of a product, presumably the 
hydrazone (23b) (ca. 90%). The solution was filtered and 
after evaporation of the filtrate the residue was dissolved in 
toluene (3 x 5 ml), and then re-evaporated. The residue 
was dissolved in DME (5 nil) and the solution was cooled to 
-78 "C. n-Butyl-lithium (1.2 M ,  4.0 nil) was atltlecl to i t  
to give a yellow solution which was warmed to -3 "C over 
75 inin, recooled to -78 "C, quenched with carbon dioxide 
gas, and warmed to 25 "C. General work-up [(C) dicliloro- 
methane, trifluoroacetic acid (1.20 g)] gave a crude residue 
which was dissolved in dichloromethane (10 nil) and was left 
for 40 min. Cliromatography on Kieselgel H (1 7 g) [eluant: 
light petroleum-diethyl ether (1 : 0-4 : 1) and p.1.c. (six cle- 
velopnients with light petroleum-diethyl ether (4 : l ) ]  gave 
the tetvaJLymvo~?lmn-Z-one (24) (51 mg, 23y0) as an oil; v , , ~ ~ , ~ ,  
2 96Os, 2028s, 2858s, 1726s ( G O ) ,  1630111 (C=C), 1308m, 
1 3~0111, 1 180m (C-o), 1 165111 (C-O), 1 130rn, and 040m 
cn1-l (CH,=); 0.70-1.00 (3 H, br, MeCH,), 1.05-2.20 
(18 H,  br, [CH,],, 5-CH,), 2.40-2.80 (2 H, br, 4-CH,), 
4.04-4.62 (1 H, br, G-CH), 5.40-5.58 (1 H ,  in, CH,=), and 
6.26-6.42 (1 H, m, CH,); m/e 224 ( I l l + ' ) ,  179, 111 ( M +  -- 
n-C,H,,, base), 83, 55, 43, and41 (Found: C, 74.8; H, 10.95. 
C14H24O2 requires C, 74.95; H ,  10.8y0). 

Reaction of tJae Ribofuranose (25a) with 2,4,6-Tvi-isopropyZ- 
benzenesulphonylhydvazine .-2,3,5-Tri-O-benzyl-u-ribo- 
furanose l7 (25a) (96 mg), 2,4,6-tri-isopropylbenzenesul- 
phonylhydrazine (72 mg), and Amberlite IR-120H resin 
catalyst were stirred in carbon tetrachloride ( 5  ml) for 1 h. 
T.1.c. analysis indicated the presence of a hydrazone deriv- 
ative. The mixture was stirred for 28 d and evaporated. 
Purification by p.1.c. (two developments with dichloro- 
methane) gave the sultone (26) (20 mg, 30y0), identical (t.1.c. 

and n.m.r.) with authentic material,lg and 2,3,5-tri-O-benzyl- 
D-ribofuranolactone (25b) (56 mg, 59%) as an oily solid, 
[a]58929 + 75" (c 0.99, CHC1,) [lit.,18 m.p. 54-55 OC, +74.8 
(G 3, CHCl,)]; v,,,,,,. 2 875m, 1 790s (C=O), 1 6951% 1 500m, 
1458s, 1368m, 1210m, 1180m, 1150s, 1100s (C-O), 
1 040s, 1 028s, 735s (aryl-H), and 698 s cn1-l (aryl-H); 8 ~ i  
3.50-3.64 (2 H, br, OCH,CH), 3.90-4.90 (9 HI  br), and 
7.16-7.40 (15 H, m, arpl-H); m/e 417 (M' - H), 341, 327 
( M +  - PhCH,), 253, 205, 181, 107, and 91 (base) (Found: 
C, 74.45; H ,  6.45. Calc. for C,,H,,O,: C, 74.6; H,  6.25%). 

Prepavation of 5- Hydvoxyhexan-2-one Toluene-4-sulphonyl- 
/zjui?rtasone (27) .-5-Hydroxyhexan-2-one (2.00 g) and 
toluene-4-sulphonylliydrazine (3.13 g)  were dissolved in T H F  
(20 nil) and the solution was stirred overnight. Evapor- 
ation and recrystallisation from chloroform a t  0 "C gave the 
J~}idvo,y-sul~hon3,lhydvazone (27) (3.82 g, 80y0), m.p. 128- 
129.5 "C; vlllrlS. 3 350m (OH, NH) ,  3 040n1, 1 600m (C=C), 
1415, 1340m (SO,-N), 1310m (OH), 1227m, 1187m, 
1 167s (SO,-N), 1072m, 1 O4Om, (C-0), 925m, 905m, 875m, 
810ni (aryl-H), 750m, 745s, and 660m cm-l; 8~ (['H,]di- 
methyl sulphoxide DMSO)) (0.90 (3 H, d,  J 6 Hz, 6-Me), 
1.10-1.60 (2  H,  m, 4-CH2), 1.70 (3  H, s, l-Me), 2.10 (ZH, t ,  
J 8 Hz, 3-CH2), 2.30 (3 H, s, aryl-Me), 3.40-4.00 (2 H,  br, 
5-CH, OH), 7.30-7.90 (4 H, ni, aryl-H), and 9.60 (1 H,  br, 
NH) ;  m/e 285 (M+.  + H),  284 (&I+*, weak), 267, 139, 111 
(base), 99, and 91 [Found: C, 55.0; H,  7.15; N, 9.95; S, 
11.6; ( M +  + H ) ,  285.1264. C,,H,,N20,S requires C, 
64.9; H, 7.1; N, 0.85; S, 11.3%; ( M +  + H),  285.12731. 

Reaction of the Dinnion (8a) with Dipkeny1keten.-The 
sulphonylliyclrazo~i~ (cia) (335 mg) was dissolved in DME (5 
ml) and the solution was cooled to -78 "C. n-Butyl- 
lithium ( 1 . 3 7 ~ ;  1.6 nil) was added to i t  to give a golden 
solution which was warmed to -65 "C over 20 min, and re- 
cooled to -78 "C. Diphenylketen (0.35 ml) was added, the 
suspension was warmed to -66 "C over 10 min, quenched 
with glacial acetic acid (0.20 nil) in water (1 ml), and warmed 
to 25 "C. General work-up [(A) diethyl ether], chromato- 
graphy on Kieselgel H (20 g) [eluant (i) light petroleuni- 
dichloromethane (1 : 0-0 : 1) (ii) dichloromethane-diethyl 
ether (1 : 0-0 : I ) ] ,  and p.1.c. [one development with di- 
cliloromethane] gave 1,l  -~ZipJ~en~~Z-2-(diphenylace~o~y)pent- 
1-en-4-one 3,4,6-~ri-iso~r~o~ylbenzenesulplconylhydvazone (30) 
(181 nig, 25%), ni.p. 165-166 "C (from dichloromethane 
and cliethyl ether); v ~ , , : ~ ~ ,  (CCl,) 3 065 and 3 035m (aryl-H), 
2 965s' 2 930m, 2 87Om, 1760s ( G O ) ,  1 GOOm (C=C), 
1497ni, 1 4 6 5 1 ~ ~  1457m, 1447n-1, 1430m, 1385m, 1366m, 
1 333m (SO,-K), 126Om, 1 195m, 1 168, and 1 155s (SO,-N), 
1 115s (C-O), 1 072m, 1 OBOm, 1 040m, 1 034n1, 963m, 940m, 
BlOni, 882m, 696s (aryl-H), and 660m cm-l; 8~ 1.21 (18 H, 
overlapping d,  J 7 Hz, CHMe,), 1.55 (3 H, s, 5-Me), 2.90 
(1 H,  GU. scptet, p-CHMe,), 3.30 (2 H, s, 3-CH2), 4.30 (2 H, 
GU. septet, o-CHMe,), 4.94 (1 H, s), and 7.00-7.40 (23 H, br, 
aryl-H, NH);  nz/e 726 ( M + ,  weak), 236, 234, 221, 189, 167 
(base), and 165 (Found: C, 75.95; H,  6.9; N, 3.7. C,,H,,,- 
N,O,S requires C, 76.0; H, 6.95; N, 3.85%). 

Prepavation of 4-Hydvoxy-5-phenylthiopentan-2-one 2,4,6- 
T1.i-isopvopylbenzenesulphonylhydrazone (3  la )  .-The sul- 
phonylhydrazone (6a) (360 mg) was dissolved in DME (5 rnl) 
and the solution was cooled to -78 "C. n-Butyl-lithium 
( 1 . 5 6 ~ ;  2.0 ml) was added to i t  t o  give a golden solution 
which was warmed to - 65 "C over 20 min, quenched with 
phenylthioacetaldhyde 31 (0.30 ml), ' and then warmed to 
25 "C. General work-up [(B) diethyl ether], chromato- 
graphy on Kieselgel H (13 g) [eluant: dichloromethane- 
diethyl ether (1 : 0-9 : l)], and p.1.c. [(i) one development 
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with dichloromethane-diethyl ether (20 : l ) ,  (ii) four 
developments with dichloromethane] gave a mixture of the 
(E)- and (2)-sulplzonylhydrazones (31a) (124 nig, 24%) as an 
oily solid; vmxx. 3 480m,br (0-H), 3 220m,br (NH), 3 050m 
(ArH), 2 955s, 2 92Os, 2 875s, 1 600ni (C=C), 1 592n1, 
1480m, 1460s, 1438s, 1423s, 1380s, 1360s, 1320s 
(SO,-N), 1 165 and 1 150s (SO,-N), 1070s (C-O), 1038s, 
1030s, 1023m, 938m, 910m, 880111, 735s (Ph),  687s (Ph), 
and 660s cm-l; SH 1.24 (18 H ,  overlapping d ,  J 6 Hz, 
CHMe,), 1.80 (3 H ,  s, l-Me), 2.30-2.60 (2 H, br, 3-CH2), 
2.60-3.20 (3 H, br, p-CHMe,, SCH,), 3.70-4.45 (3 H,  br, 
o-CNMe, and 4-CH), 7.10-7.60 (5 H,  br, Ph), and 7.16 
(2 H ,  s, aryl-H); m/e 400 ( M ' ) ,  472 (M" - H,O), 363 
r(M+ - H,O) - PhS-1, 251, 204, 189 (base), 05, and 43 
(Found: C, 63.65; H, 7.65; N, 5.55. C26H,,N,0,S2 
requires C, 63.65; H,  7.8; N, 5.774). 

Attempted Preparation o f 3-Methylene-5- (fi Iienyltliioi~zetlLyl) - 
ietvahydrofuran-2-one (32a) .-The sulphonylhydrazone (6s) 
(338 mg) was dissolved in DME ( 5  ml) and the solution was 
cooled to -78 "C. n-Butyl-lithium ( 1 . 5 6 ~ ;  1.6 1111) was 
added to it to give a golden solution which was warmed to 
- 65 "C and quenched with phenylthioacetaldehyde (0.20 
ml). The resultant clear solution was recooled to -78 "C 
and n-butyl-lithium ( 1 . 5 6 ~ ;  2.0 nil) was added. The 
resultant solution was warmed to - 3  "C over 90 niin ancl 
gave a deep red solution which was recooled to -78 O C ,  

quenched with carbon dioxide gas, and warmed to  25 "C. 
General work-up [(C) dichloromethane, trifluoroacetic acid 
(1 .O g)] and Chromatography on Iiieselgel H (17 g) [eluant: 
light petroleum-diethyl ether (1 : 0-0 : l)]  gave no detect- 
able methylene-lactone (32a). 

A similar sequence, performed with the thiohydrazone 
(31a) (132 nig) and n-butyl-lithium ( 1 . 5 6 ~ ;  0.75 ml), gave 
no detectable methylene-lactone (32a). 

Preparation of l,l-Diethoxy-2-phenylseZenoethane.-l>i- 
phenyl diselenide (6.00 g) was suspended in ethanol (70 ml) 
at 0 "C, sodium borohydride (1.60 g) was added slowly over 
30 min to give a clear solution which was warmed to 25 "C 
and recooled to 0 "C; 1-bromo-2,2-diethoxyethane (5.80 ml) 
was then added to it. The solution was warmed to 58 "C for 
4 h,  filtered, and general work-up [(B) dichloroniethane] 
gave crude l,l-diethoxy-2-phenylselenoethane. Repeated 
chromatography on Kieselgel H [(i) 35 g, and (ii) and (iii) 
30 g;  eluant : light petroleum-dichloromethane (1 : 0- 
0 : l)]  gave the title selenoacetal 32  (10.0 g, 95%) as a liquid; 
v,,,. 2 980s, 2 932s, 2 9OOs, 2 880s, 1 583m (C=C), 1 482s, 
1 440s, 1 374m, 1 345m, 1 196m, 1 157m, 1 120s (C-0), 1056s 
(C-0), 1023s, 1 OOZs, 981m, 735s (Ph), and 690m cn1-l 
(Ph) ;  SH 1.20 (6 H, t, J 7 Hz, MeCH,), 3.10 (2 H, d ,  J 5.5  
Hz, SeCH,), 3.60 (4 H, dq, J 2.5, 7 Hz, CH,Me), 4.70 (1 H,  t, 
J 5.5  Hz, 1-CH), and 7.14-7.70 ( 5  H, m, aryl-H); m/e 
274 and 272 ( M + ' ) ,  229 and 227 (M+ - OEt),  183 and 181, 
157 and 155 (PhSe+'), 103 ( M +  - PhSeCH,, base), and 75  
(Found: C, 52.95; H, 6.9. Calc. for C,,H,,O,Se, C, 52.75; 
H, 6.65%). 

Preparation of Phenylselenoacetaldehyde.-l,l-Diethoxy-2- 
phenylselenoethane (5.05 g), hydrochloric acid (2.5 ml), and 
water (47.5 ml) were stirred a t  50 "C for 4.5 h and cooled to 
25 "C. General work-up [(A) diethyl ether, sodium hydro- 
gencarbonate], and distillation gave phenylselenoacetalde- 
hyde 32 (2.92 g, 79y0), b.p. 84 "C at 0.2 mmHg; v,,,. 1 710s 
( G O ) ,  1580m (C=C), 1480m, 1440m, 1150m, 1025m, 
740m, and 690m (Ph), and 670m cm-l; SH 3.60 (2 H, d,  
J 4 Hz, SeCH,), 7.40-8.00 (5 H, m, Ph), and 9.80 (1 €3, t, 
J 4 Hz, CHO) ; m/e 200 and 198 (M+', base), 171 and 169 

(M' - CHO), 157 and 155 (PhSet), 91, 77 (Phi), and 51 
(Found: C, 48.15; H,  4.2; Cak. for C,H,OSe: C, 48.25; 
H,  4.05%). Phenylselenoacetaldehyde (180 mg) was 
treated with 2,4-dinitroplienylhydrazine ( 198 mg) to give 
Phenylselenoacetaldehyde 2,4-dinatvopAen~tll~ydvazone (261 
mg, 77%), m.p. 151-152 "C; vlllaX, 3 300m (NH), 1 620s 
(C-N), 1596s ( C X ) ,  1513s (CNO,), 1497s, 1330s (CNO,), 
1 310s, 1 275m, 1 265n1, 1 220m, and 740m cm-' (l'h); 
3.74 ( 2  H ,  d ,  J 6 Hz, SeCH,), 7.10-7.90 ( 7  H, ni, P h ,  
aryl 6-H, HC=N), 8.14 (1 H, dd, J 2.5, 10 Hz, aryl 5-H), 
9.16 (1 H,  d ,  J 2.5 Hz, aryl 3-H), and 10.90-11.20 (1 H ,  br, 
NH);  m/c 380 and 378 (&I+*),  314 and 312, 266 and 264, 
223 (Al' - PhSe, base), 157 and 155 (l'hSe'), 75, and 55 
(Found: C, 44.6; H, 3.15; N, 14.75. C,,H,,X,O,Se 
requires C, 44.35; H,  3.2; N, 14.75%). 

Preparation of 4-llydroxy-5-phenylsele~ao~e.lztnn-2-one 
2,4,6- Tvi-isopvopylbenzenesulp honylhydvazone (3  1 b) .-The 
sulphonylhydrazone (6a) (338 mg) was dissolved in DME (5 
ml) and the solution was cooled to -78  "C. n-Butyl- 
lithium ( 1 . 4 ~  ; 1.8 ml) was added to i t  to give a golden solu- 
tion which was warmed to -G5 "C over 15 min and recooled 
to - 78 "C. Phenylselenoacetaldeliyde (0.25 ml) was 
added to the mixture which was then warmed to -68 "C, 
quenched with glacial acetic acid (0.18 ml), and warmed to 
25 "C. General work-up [(A) diethyl ether], chromato- 
graphy on Kieselgel H (18 g) [eluant : dichloromethane- 
diethyl ether (1 : 4-4 : l)], and p.1.c. [two developments in 
dichloromethane-diethyl ether (9 : l ) ]  gave a mixture of 
the (E)- and (2) -hydroxy-sulphoizyllj~~~~razones (3 1 b) (3 19 mg, 
59%), as an unstable oil; vlllaX. 3 490111,br (OH), 3 205m,br 
(NH), 3 070 and 3 058m (aryl-H), 2 960s, 2 930s, 2 890s, 
2 870s, 1 600s, (C=C), 1 580m, 1 565m, 1478s, 1460s, 
1438s, 1425s, 1 382s, 1362s, 1 350m 1 323s (SO,-S),  
1300s, 125Gm, 1216m, 1 194m 1 170, and 1 153s (SO,-N), 
1 135s, 1 105s (C-0), 1072s, 1 060s, 1040s, 1022s, 1012m, 
1 000m, 940s, 932s, Y23s, 91Os, 882s, 865m, 842m, 735, and 
690s (Ph), 668s, 663s, and 652s cm-l; 8~ 1.28 (18 H,  over- 
lapping d ,  J 7 Hz, CHMe,), 1.80 and 1.92 (3 H,  2 s, 1-Me), 
2.36-2.68 (2 H, br, 3-CH2), 2.80-3.30 (4 13, br, p-CHMe,, 
SeCH,, and OH), 3.80-4.60 (3 H,  br, o-CHMe, and 4-CH), 
and 7.20-7.80 (8 H, m, aryl-H) ; m/e 538/536 (M+*. weak), 
392 and 390, 360 and 358, 314 and 312, 236, 221, 204, 189 
(base), and 161 (Found: C, 57.9; H, 7.35; N, 4.9. 
C,,H,,N,O,SSe requires C, 58.1; H,  7.1; N, 5 . 2 % ) .  

Attempted Pvefaration of 3-Meth~~lene-5-(fihenylseleno- 
methyl)letvahydrofuran-2-one (32b) .-The sulphonylhydr- 
azone (6a) (352 mg) was dissolved in DME (5 ml) and the 
solution was cooled to -78 "C. n-Butyl-lithium ( 1 . 4 ~ ;  
1.9 ml) was added to it to give a golden solution which was 
warmed to -65 "C over 25 min and recooled to -70 "C. 
Phenylselenoacetaldehyde (0.25 ml) was added to give a 
clear solution which was recooled to -78  "C. n-Butyl- 
lithium ( 1 . 4 ~ ;  1.3 ml) was added to i t  to  give a golden 
solution which was warmed to - 3  "C over 90 min. The 
resultant red solution was recooled to - 7 8  O C ,  quenched with 
carbon dioxide gas, and warmed to 25 "C. General work- 
up  [(C) dichloromethane, trifluoroacetic acid (0.62 g)], 
chromatography on Kieselgel H (18 g) [eluant : light 
petroleum-diethyl ether (1 : 0-0 : l)], and p.1.c. [two 
developments in dichloromethane] gave 5- (butylseleno- 
methyl)-3-methylenetetrahydrofu~an-2-one (32c) (3 mg, ca. 
1%) as an  oil, vmax, (CHC1,) 1 765s ( G O ) ,  1 335m, 1280m, 
1 155m, 1 120m, 995m, and 945m cm-l (CH,=); 6~ (weak) 
0.80-1.70 (7 H, br, Prn), 2.50-3.10 (6 H, br, CH,Se, 4-CH,), 
4.50-5.00 (1 H,  br, 5-CH), 5.70 (1 H, ca. t, HC=), and 6.30 
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(1 H,  ca. t, HC=); m/e 248 and 246 (M+')  (Found: M+' 
249.0300. CloHl,0,80Se requires M+* 248.0315) and ben- 
zoic acid (21 mg, 17%), m.p. 121-122 "C (lit.,33 122 "C), 
identical with authentic material. 

The sequence was repeated with the sulphonylhydrazone 
(6a) (341 mg) except that  the solution was warmed to -30 "C 
over 1 h and maintained between -30 and -25 "C for 30 
min before i t  was recooled to -78 "C and quenched with 
carbon dioxide gas. A similar work-up gave the seleno- 
lactone (32c) ( 5  mg, ca. 2%), identical (t.l.c., i.r., and n.m.r.) 
with the previous sample, and benzoic acid (21 mg, 17%). 

Pvepavation 01 1,l  -Diethoxy-2-methylselenoethane .-Di- 
methyl diselenide 34 (4.00 g) was dissolved in ethanol (50 ml) 
a t  0 "C and sodium borohydride (1.61 g) was added to i t  
slowly over 30 niin. The clear solution was then warmed to  
25 "C and recooled to 0 "C. 2-Rromo-1,l-dietlioxyethane 
(6.40 ml) was added to the solution which was then warmed 
to  50 "C for 3.5 h ;  t.1.c. analysis indicated an incomplete 
reaction. Further sodium methylselenide [prepared from 
dimethyl diselenide (4.00 g) and sodium borohydride (1.60 
g) in ethanol (30 ml) a t  0 "C] was added to the solution which 
was then cooled to 25 "C, and filtered. General work-up 
[(A) diethyl ether] and repeated chromatography on Kiesel- 
gel H [(i) 30 g, (ii) 35 g ;  eluant : light petroleum-dichloro- 
methane (1 : 0-0 : l ) ]  gave the seleno-acetal (7.26 g, 81%), 
as a liquid; v,,,,, 2 WOs, 2 930s, 2 9OOs, 2 880s, 2 830m 
1448m, 1425ni, 1410m, 1392m, 1375m, 1346m, 1202m, 
1160s, 1125, 1100, and 1052s (C-0), 1004s, and 745m 
cm-l; 8~ 1.22 (6 H ,  t, J 7 Hz, MeCH,), 2.10 (3 H ,  s, SeMe), 
2.72 (2 H ,  (1, J 6 Hz, CH,Se), 3.68 (4 H ,  dq, J 2.5,  7 Hz, 
CH,Me), and 4.72 (1 H ,  t, J 6 Hz, 1-CH); m/e 212 and 210 
(Mt'), 167 and 165 ( M +  - EtO), 139 and 137, 103 (base), 
75, and 48 (Found: C, 30.65; H, 7.65. C,H,,O,Se re- 
quires C, 39.8; H, 7.6504). 

Pvepavation of Methylselenoaceta1dehyde.-1 , l-Diethoxy-3- 
methylselenoethane (5.90 g) , concentrated hydrochloric acid 
(5  ml), water (95 ml), and T H F  (50 ml) were stirred together 
a t  40 "C for 4 d after which the solution was cooled to 
25 "C. General work-up [(A) dichloromethane, sodium 
hydrogencarbonate solution] and distillation gave bis(methy1- 
selen0)acetaldehyde (0.55 g, 170/,), b.p. 70-72 "C a t  0.45 
mmHg; v,,,. 2 925m, 2 820m, 1695s ( G O ) ,  1420m, 
1 370m, 1 277m, 1 204m, 1 095m, 1 050m, 1 018m, and 910m 
cm-l; SH 2.04 (6 H, s, MeSe), 4.40 (1 H,  d,  J 4 Hz, HCSe), 
and 9.30 (1 H,  d,  J 4 Hz, HC=O); m/e 232, 230, and 228 
(M+., base), 203, 201, and 199 (M+ - CHO), 175, 173, and 
171, 137 and 135 ( M +  - MeSe), 109 and 107, and 93 and 
9 1, and crude niethylselenoacetaldehyde, isolated from the 
cold trap. 

Bis(methylse1eno)acetaldehyde (1 33 mg) was treated with 
2,4-dinitrophenylhydrazine ( 1 15 mg) to yield bis(methy1- 
se1eno)acetaldehyde 2,4-d in i tvophc~2yl~~yd~azone  (1 74 mg, 
73%), m.p. 133-134 "C; v ~ , , ~ ~ ,  (CC1,) 1622s (C=N), 1598m 
(C=C), 1 508ni (CNO,), 1 432m, 1 340s and 1 327s (CNO,), 
1309m, 1276m, and 1 140m cm-l; SH 2.12 ( G  H, s, MeSe), 
4.72 (1 H,  d,  J 7 Hz, SeCH), 7.40-8.70 (3 H ,  m, H E N ,  aryl 
5,6-H), 9.24 (1 H,  d, J 3 Hz, aryl 3-H), and 11.35 (1 H, br, 
NH) ;  m/e 412, 410, and 408 (M+',  weak), 395, 393, and 391 
( M + -  OH), 317 and 315 (M+ - MeSe), 301 and 299 
(base), 233, 190, and 95 and 93 (MeSe+) (Found: C, 29.45; 
H, 2.8; N, 13.65. CloH,,N,O,Se, requires C, 29.3; H, 
2.95; N, 13.65%). 

The crude methylselenoacetaldehyde was purified by 
chromatography on Kieselgel H (24 g) [eluant : light 
petroleum-dichloromethane (1 : 0-0 : l)] to yield methyl- 

selenoacetaldehyde (1.03 g, 27%) as a n  oil; v,,,,. 2 935m, 
2825m, 2720m, 1710s ( G O ) ,  1425m, 1410m, 1385m, 
1282m, 1 158s, 1030m, 970m, 910m, and 833m cm-l; 8H 
2.00 (3 H,  s, MeSe), 3.25 (2 H, d,  J 4 Hz, SeCH,), and 9.60 
(1 H, t, J 4 Hz, HC=O); m/e 138 and 136 (M+*) ,  109 and 107 
( M +  - CHO), 95 and 93 (MeSe+), 83, 57, and 43. A sample 
of methylselenoacetaldehyde (70 mg) was treated with 2,4- 
dinitrophenylhydrazine ( 105 mg) to yield methylseleno- 
acetaldehyde 2,4-dinitvophenylhyd~azone (102 mg, 63y0), m.p. 
134-135 "C; vnlaX. (CC1,) 1623s (C=N), 1598m (C=C), 
1 510m (CNO,), 1 340 and 1 330m (CNO,), 1 312m, and 
1 140m cm-1; ?IH 2.10 (3 H,  s, MeSe), 3.50 (2 H, d, J 7 Hz, 
CH,Se), 7.50-8.60 (3 H, m, HC=N, aryl 5,6-H), 9.24 (1  H, 
d, J 2.5 Hz, aryl 3-H), and 11.30 (1 H,  br, NH);  m/e 318 
and 316 (M+') ,  223 ( M +  - MeSe, base) 196, 176, and 122 
(Found: C, 34.1; H ,  3.05; N, 17.0. C,H,,N,O,Se requires 
C, 34.1; H, 3.2; r\i, 17.65%). 

Attempted Pvepavation of 3-Methylene-5-(methylseleno- 
methyl) tetvahydvofuvan-%one (32d) .-The sulphonylhydr- 
azone (6a) (340 mg) was dissolved in DME ( 5  ml) and the 
solution was cooled to -78 "C. Methyl-lithium ( 1 . 0 9 ~ ;  
3.0 ml) was added to i t  to give a yellow solution which was 
warmed to -65 "C over 15 min and then recooled to -78 "C. 
Methylselenoacetaldehyde (386 mg) in DME (1 ml) was 
added and the solution was treated with methyl-lithium 
(1.090.1; 3.5 ml). The solution was warmed to -35 "C over 
70 min, then to  - 3  "C over 30 min, recooled to -78 "C, 
quenched with carbon dioxide gas, and warmed to  25 "C. 
General work-up [ (C) dichloromethane, trifluoroacetic acid 
(1.10 g)] gave a crude residue. N.ni.r. analysis indicated the 
absence of any significant amount of the methylene-lactone 
(32d) or selenomethyl compounds. 

Preparation of 5-endo-Hydroxy-5-exo-[2-( 2,4,6-tri-iso- 
pro~ylbenzenesulpJzonyl(hydvazone)pvo~yl]bicyclo[2. 2. llhept- 
2-ene (34) .-The sulphonylhydrazone (6a) (323 mg) was dis- 
solved in DME ( 5  ml) and the solution was cooled to  - 78 "C. 
n-Butyl-lithium ( 1 . 3 1 ~ ;  2.1 ml) was added to i t  and the 
resultant golden solution was warmed to -68 "C over 15 
min and then recooled to  -78 "C. Bicyclo[2.2.l]hept-2- 
en-5-one 21 (0.20 ml) was added to the solution which was 
then warmed to  -65 "C, quenched with glacial acetic acid 
(0.25 ml), and warmed to 25 "C. General work-up [(A) 
diethyl ether] and chromatography on Kieselgel H (17 g)  
[eluant : diethyl ether-light petroleum (0 : 1-1 : 3)] gave 
(a) the crude (2)-hydrazone 2-(34) (323 mg) and (b) the 
crude (E)-hydrazone E-(34) (152 mg). Purification of (b)  
by p.1.c. [two developments with dichloromethane-diethyl 
ether (3 : l ) ]  and recrystallisation from ethanol and water 
gave mainly the (E)-sulphonylhydvazone E-(34) (72 mg, 17y0), 
m.p. 120-124 "C; v,,,,. 3 550s (OH), 3 265s (NH), 1604s 
(C=C), 1335m (SO,-N), 1318m, 1258m, 1168m, and 
1 158s (SO,-N), 1 147s, 1 125m, 1 108m, 1085m, 1075m. 
1 065m, 722m, 674m, and 660m cm-l; ?IH 1.25 (18 H, over- 
lapping d, J 7 CHMe,), 1.30-1.70 (4 H, m, 6-, 7-CH2), 1.90 
(3 H,  s, 3'-Me), 2.45-2.80 (2 H, br, 1-, 4-CH), 2.60 (2 H, s, 
1'-CH,), 2.90 (1 H, overlapping septets, J 7 Hz, p-CHMe,), 
4.28 (2 H, overlapping septets, J 7 Hz, o-CHMe,), 5.95-6.20 
(1 H,  m, HC=), 6.30-6.50 (1 H, m, HC=), 7.15 (2 H, s, aryl- 
H) ,  and 7.50 (1 H,  br, NH) ;  mle 446 (M+'),  267, 204, 189 
(base), 161, and 66 (C,H,+) (Found: C, 67.4; H,  8.75; N, 
6.3. C,,H,,N,O,S requires C, 67.25; H,  8.55; PI', 6.2576). 
Double recrystallisation of crude (a). from methanol and 
water gave mainly the (2)-sulphonylhydrazone (34) (165 
mg, 39%); SH 1.30 (18 H, overlapping d, J 7 Hz, CHMe,), 
1.30-3.40 (12 H, br), 4.25 (2 H, overlapping septets, J 7 Hz, 
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o-CHMe,), 6.10 (1 H,  br, H G ) ,  6.30 (1 H,  br, HC=), and 7.20 
(2 H,  s, aryl-H). 

Pveparation of 5-endo-Hydroxy-5-exo-[ ( 2-2Hl]pvop-2- 
enyl)bicyclo[2.2.l]hefit-Z-ene (3521) .-Acetone trisylhydrazone 
(6a) (331 mg) was dissolved in DME (5 ml) and the solution 
cooled to -78  "C. n-Butyl-lithium ( 1 . 3 ~ ;  2.3 ml) was 
added and the resultant yellow solution was then warmed to 
-66 "C over 25 min and recooled to -78 "C. Bicyclo- 
[2.2.l]hept-2-en-5-one (0.21 ml) was then added to the solu- 
tion which was warmed to -66 "C over 5 min, and recooled 
to  -78 "C. n-Butyl-lithium (3.90 mmol) was added to 
the resultant yellow solution which was warmed to -3 "C 
over 130 min, recooled to - 10 "C, quenched with deuterium 
oxide (0.60 ml), and warmed to 25 "C. General work-up 
[ (B) dichloromethane] and repeated chromatography on 
Kieselgel H (4 x 25 g) [eluant: light petroleum-diethyl 
ether (1 : 0-4 : l ) ]  gave the deutevio-olefin (35a) (104 mg, 
70%) as an oil; v,,,,, 3 450m (OH), 3 075m (CH,=), 2 970s, 
2 878m, 1618m (C=C), 1432m, 1354m, 1335s (OH), 
1275m, 1255m, 1245m, 1200m, 1 185m, 1 172m, 1 120s, 
1 105m, 1087ni, 1078m, 1 055s (C-0), 856m (CH,=), fflOs, 
and 720s cm-l (CH=CH); BH 1.50 (2 H ,  br s, 7-CH2), 1.72 
(2 H, m, 6-CH,), 2.50 (2  H ,  br s ,  1-, 4-CH), 2.70-3.00 
(2 H,  m, l'-CH,), 5.00-5.30 (2  H, m, CH,=), and 6.10-6.56 
(2 H,  2 m, 2-, 3-CH); wz/e 151 (A4+*), 109 ( M +  - C,Hg2Hl, 
base), 81, 79, and 66 (C5H6'), 91% mono-deuteriated (Found: 
C, 79.35; H, 10.2. Cl,Hl,2H10 requires C, 79.4; H,  10.00//,). 

Preparation of (lS,4S,5Ii)- and (lR,411,5S)-4'-methylene- 
bicyclo[2.2.l]hept-2-ene-5-s~iro-2'-tet~ahydvofu~~an-5'-one 
(33a) .-The sulphonylhydrazone (6a) (677 mg) was dis- 
solved in DME (8 ml) and the solution was cooled to - 78 "C. 
n-Butyl-lithium ( 1 . 3 ~ ;  3.4 nil) was added and the 
resultant golden solution was warmed to -68 "C over 25 
min, and recooled to  - 72 "C. Bicyclo[2.2.l]hept-2-en-5- 
one (0.40 ml) was added and the solution was stirred for 10 
min, and then recooled to -78 "C. n-Butyl-lithium ( 1 . 3 ~ ;  
3.5 ml) was added and the resultant orange-red solution was 
warmed t o  - 3 "C over 85 min, recooled to - 78 "C, quenched 
with carbon dioxide gas, warmed to 25 "C, and then evapor- 
ated. The residue was extracted with water (100 nil) and 
dichloromethane (80 ml), the aqueous layer was separated, 
re-extracted with dichloromethane (2 x 60 ml), saturated 
with sodium chloride, filtered, diluted to 122 ml, and divided 
into fraction (i) (64 ml) and fraction (ii) (58 ml). Fraction 
(i) was acidified with glacial acetic acid (0.351 g) and stirred 
at 25 "C for 3 d. General work-up [(B) dichloromethane, 
diethyl ether] gave a crude residue. T.1.c. analysis indi- 
cated a ca. 20% conversion of the intermediate hydroxy-acid 
into the lactone (33a). The residue was dissolved in di- 
chloromethane (10 ml), acidified with glacial acetic acid (2 
drops), and stirred a t  25 "C. Evaporation and chromato- 
graphy on Kieselgel H ( 16 g) [eluant : dichloromethane) and 
p.1.c. [one development with light petroleum-diethyl ether 
(1 : l ) ]  gave the biGyclosPirolactone (33a) (1 13 mg, 61 yo) as an 
oil; vmax. 2 970m, 1765s ( G O ) ,  1670m (C=C), 1290m, 
1273m (C-0), 1215m, 1165m, 1 138m, 1 124m, 1093m, 
1028m, 966m, 938m (CH,=), and 718m (HC=CH) cm-l; BH 
1.20-2.00 (4 H,  m, 6-, 7-CH,), 2.70 (1 H, s, 1-CH), 2.90 
(1 H, s, 4-CH), 2.95-3.20 (2 H, m, 3'-CH,), 5.60 (1 H, t ,  J 
1 Hz, o(-CH, and 6.10-6.50 (3 H, m, a-CH, 2-, 3-H) ; Sc 
41.2 (m, 6-C), 42.9 (m, 7-C), 43.2 (d, 1-C), 48.9 (d, 4-C), 
66.2 (m, 3'-C), 89.7 (s, 5-C), 121.4 (m, a-C), 133.2 (d, 2-C), 
135.8 (s, 4'-C), 138.4 (d, 3-C), and 170.2 (s, 5'-C); m/e 176 
(M+'),  111, 68, 67, 66 (C,H,+, base) and 40 (Found: C, 
74.85; H ,  7.05. C,lHl,O, requires C, 75.0; H, 6.85%). 

The lactonisation of intermediate (35b) using trifluoroacetic 
acid was less satisfactory (29%). 

Preparation of 3,5-Dimethylenetetrahydvofuran-2-one (28). 
--The spirolactone (33a) (58 mg) was suspended on glass 
wool and subjected to flash-vacuum pyrolysis 23 under the 
following conditions : substrate temperature, - 78-55 "C 
over 6 h ;  furnace temperature, 550 "C; operating pressure, 

Extraction of the cold finger with dichloro- 
methane and evaporation a t  0 "C gave the dirnethylene- 
lactone (28) (30 mg, 830/) as a volatile oil; vmRS. 1 795s ( G O ) ,  
1 765m, 1682, and 1670s, (C=C-0), 1403m, 1279s (C-0), 
1262m, 1232m, 1085s (C-0), 975m (CH,=), 877m, and 
840m an-'; A,,,,, 249 nm (E 1 900); SH 3.44-3.68 (2 H,  m, 

Hz, 5-C=CH2), 5.68 (1 H ,  t, J 2.5 Hz, 3-C=CH,), and 6.28 
(1 H, t ,  J 3.0 Hz, 3-C=CH,); m/e 110 (Mt'),  68 [M+ - (C2- 
H,O), base], and 40 [M+ - (C,H,O,)] (Found: C, 65.3; H ,  
5.75%; M+', 110.0368. C,H,02 requires C, 65.45; H,  
5.5%; M+', 110.0368). 

Preparation of (lS,4S,5R)- and (lli,4R,5S)-(2)-3'-Pentyl- 
zdenebicyclo[2.2. I] hept-2-ene-5-spiro-2'-tetrahydrofuran-5'- 
one (33b).-The sulphonylhydrazone (36) (417 mg) was dis- 
solved in DME (5 ml) and the solution was cooled to -78 
"C. n-Butyl-lithium ( 1 . 3 ~ ;  2.0 ml) was added to i t  ancl the 
solution was warmed to -66 "C over 15 min and then re- 
cooled to  - 78 "C. Bicyclo[2.2.l]hept-2-en-5-one (0.20 ml) 
was added to the solution which was then warmed to -66 
"C over 7 min and recooled to -78 "C. n-Butyl-lithium 
( 1 . 3 ~ ;  3.0 ml) was added to the solution which was warmed 
to - 3 "C over 150 min, recooled to - 78 "C, quenched with 
carbon dioxide gas, and warmed to 25 "C. After general 
work-up [(C) dichloromethane, glacial acetic acid (0.51 g)], 
the residue was stirred in dichloromethane (10 ml) for 2 d .  
Chromatography on Kieselgel H (16 g) [eluant : dichloro- 
methane] and p.1.c. [one development with light petroleum- 
diethyl ether (3 : 7)] gave the alkylmethylene-lactone (33b) 
(41 mg, 16%) as an oil; v , , ~ ~ .  2 960s, 2 930s, 2 860s, 1 755s 
( G O ) ,  1675m (C=C), 1462111, 1442m, 1370m, 1 337m, 
1318m, 1265m, 1235m, 1218s (C-0), 1176m, 1137s, 
1127m, 1104m, 1085m, 1063m, 1026s (C-0), 1008m, 
965m, and 712m cm-l; BH 0.80-1.85 (13 H,  br), 2.30-3.30 
( G  H, m, allylic-H), and 5.80-6.50 (3 H, m, HC=) ; m/e 246 
( M + * ) ,  181 (M+ - C5H5, base), 180 (M+* - C5H,), 137, 95. 
and 66 (C5H,+') (Found: C, 77.95; H,  9.0. C1,H,,O, re- 
quires C, 78.0; H, 9.0%). 

Pveparation of (E)- and (Z)-Hex-5-en-2-one 2,4,6-Tvi-iso- 
PvopylbenzenesulphonylhydvlEzones (41) and (42) .-The sul- 
phonylhydrazone (6a) (1.342 g) was dissolved in DME ( 1  4 
ml) and the solution was cooled to -78 "C. n-Rutyl- 
lithium (1.35111; 6.5 ml) was added and the resultant golden 
solution was warmed to -67 "C over 25 min, and recooled 
to -78 "C. Ally1 bromide (0.70 ml) was added to i t  and 
the suspension was warmed to -65 "C over 1 h, stirred for 
30 min, and warmed to -60 "C over 30 min. Glacial acetic 
acid (0.66 ml) was added and the solution was warmed to 
25 "C. General work-up [(A) diethyl ether] and recrystal- 
lisation from ethanol and water at 25 "C gave a mixture of 
the sulphonylhydrazones (41) and (42) (1.405 g, 94y0), m.p. 
113-115 "C; vmaY. 3265s (NH), 1605m (C=C) 1330s 
(SO,-X), 1 305m, 1262m, 1 170, and 1 158s (SO,-N), 1 107m, 
938m, 913m (CH=CH,), 884m, and 666s cm-l; SH 1.28 (18 H, 
overlapping d, J 7 Hz, CHMe,), 1.78 and 1.92 (3 H,  2 s, 
1-Me), 2.16-2.32 (4 H, br, 3-, 4-CH2), 2.95 (1 H, septet, 
J 7 Hz, p-CHMe,), 4.30 (2 H, septet, J 6.5 Hz, o-CHMe,), 
4.60-5.80 (3 H ,  m, CH=CH,), 7.20 (2 H, s, aryl-H), and 

mmHg. 

4-CH,), 4.34 (1 H,  q, J 2 Hz, 5-C=CH2), 4.76 (1 H, q, J 2 
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7.70  ( 1  H, br, NH) ,  E :  2 ca .  85 : 15 by n.ni.r.;  uz/e 379 
(M+' $- H),  236, 221, 204, 189 (base), 161, and 67 (Found: 
C ,  66.5; H, 9.15; hr, 7.4. C,,H,,N,O,S requires C, 66.65; 
H, 9.05; N, 7.40/0). 

Pveparation of (E)- and (2)-3-(2-Hydvon.ypvopan-2-yl)l~e~- 
5-en-2-one 2,4,6-?'vi-iso~ropylbenze~aesulpJzonyl/iydvnzones 
(39) and (40) .-The sulplionylhydrazone (cia) (680 nig) was 
dissolved in DME ( 7  ml) and the solution was cooled to  - 78 
"C. n-Butyl-lithium ( 1 . 3 5 ~ ;  3.6 nil) was added to  the 
solution which was then warmed to  - 68 "C over 20 niin, and 
recooled to  -78  "C. Allyl broniide (0.25 ml) was added t o  
the solution which was then warmed to  -65 "C over 1 h 
and stirred a t  this temperature for 20 min; it was then re- 
cooled t o  - 78 "C. Further n-butyl-lithium ( 1 . 3 5 ~ ;  2.6 ml) 
was added to the solution which was warmed to  -68 "C 
over 20 min, recooled to  - 78 "C, and quenched with acetone 
(0.50 ml). The suspension was warmed to  -50 "C, 
quenched with glacial acetic acid (0.40 nil) in water (1 nil), 
and warmed to  25 "C. General work-up [(A) diethyl 
ether], chromatography on Kieselgel H (20 g) [eluant: 
tlichloromethane-diethyl ether ( 1  : 0-4 : I)], and p.1.c. [two 
developments with dichloromethane-diethyl ether (8 : l ) ]  
gave the I~ydvoxy-sulphonylh~~dvazones (39) and (40) (772 
mg, 880/,), m.p.  129--130°C (from ethanol and water) mainly 
as  the E-isomer (39); v , , , ~ ~ ,  3 530m (OH), 3 260m, (NH) ,  
1605m (C=C), 1317ni (SOz-K), 1300m, 1 167 and 1 150s 
(SO,-N), 1 105ni, 1 040m, 840n1, !)lorn (CH,=), 900m, and 
667m crn-'; 8~ 1.08 and 1.14 (6 H, 2 s, MeCO), 1.30 (18 H, 
overlapping d ,  CH&le,), 1.80 (3 H ,  s, l-Me), 2.28 (2 H, d ,  J 4 
Hz,  4-CH2), 2.40 (1 H, s, OH) ,  2.60-3.10 ( 1  H, b-. p-CHMe,), 
3 90-4.60 (3  H, br, o-CHMe,, 3-CH), 4.60-5.90 (3  H, 111, 

CH,=CH), 7.28 (2 H, s, aryl-H), and 7.68 (1 H,  br, N H ) ;  
ni/e 436 ( M + ' ) ,  421 ( M +  - hfe), 267, 204, 189 (base), 161, 
and 111 (Found: C, 66.25; H, 9.35; K, 6.45. C,,H4,N,0,S 
requires C, 66.0; H, 9.25; N, 6 .4%).  

Preparation of (E)-2-ll.Iethylhexa-2,5-dzenoic A c i d  (44) .- 
l h e  sulphonylhydrazone (6a) (68 1 mg) was dissolved in 
D M E  (5 ml) and the solution was cooled t o  - 7 8  "C. n- 
Hutyl-lithium ( 1 . 0 3 ~ ;  5.0 nil) was added and the resultant 
golden solution was warmed t o  -66 "C over 17 min, and 
recooled to  - 78 "C. Allyl bromide (0.30 nil) was added, and 
the suspension was warmed to -65 "C over 30 min, stirred 
for 30 min, and recooled t o  -78 "C. TMEDA (1.0 mi) and 
n-butyl-lithium (1 . O ~ M  ; 4.0 nil) were added and the 
resultant golden solution was warmed to  -3 "C over 110 
min, recooled to - 78 OC, quenched with carbon dioxide gas, 
and warmed to 25 "C. General worlc-up [(C) dichloro- 
methane, trifluoroacetic acid (1.50 g)], chromatography on 
Kielselgel H (16 g) [eluant: dichloromethane], and p.1.c. 
[two developments with dichloromethane] gave the (E)-acid 
(44) (65 mg, 26%) as an oil; vmax. 3 500-2 400mbr (OH),  
1690s (CO,H), 1640m (C=C), 1420ni, 1285m (C-0), and 
9l5m cm-l (CH,=CH); 8H 1.90 (3 H ,  d,  J 1 Hz ,  Me), 3.05 
( 2  H,  t, J ,  7 Hz, 4-CH2), 5.00-6.50 (3  H, m, CH,=CH), 7.10 
(1 H, br t, J 7 Hz, 3-CH), and 10.50-11.0 (1 H ,  br, O H ) ;  
m/e 126 (M+' ) ,  111 (111' - Me), 87, 81 ( M +  - CO,H, base), 
55, and 41 (Found.  C, 66.85; H, 8.15. C,H,,O, requires C, 
66.65; H, 8.00/,). 

Preparation of 2-Hydroxy-2-methyZoct-7-en-4-one 2,4,6- 
Tri-isopropylbenzenesulphonylhydvazone (46) .-A mixture of 
the ( E ) -  and (Z)-sulphonylhydrazones (42) and (41) (85 : 15; 
430 mg) was dissolved in DME (4.5 ml) and TMEDA (0.5 ml) 
and the solution was cooled to  -78 "C. n-Butyl-lithium 
( 1 . 3 5 ~  ; 2.5 ml) was added and the resultant golden solution 
was warmed t o  - 6 5  "C over 10 min, quenched with 

acetone (0.20 ml), and warmed to  25 "C. General work- 
up  [(A) glacial acetic acid (0.30 g) ,  diethyl ether (150 
ml)] and chromatography on Kieselgel H (20 g) [eluant: 
(i) light petroleum-dichlorometliane (1 : 0-0 : 1) ; (ii) di- 
chloromethane-diethyl ether (1 : 0-3 : l ) ]  gave the (2)- 
hydvoxy-sulphonylhydvazone (46) (344 mg, 69y0), m.p. 102- 
105 "C (from ethanol and water at 25 "C as the Z-isomer); 
vmax. 3 480s (OH), 3 108m (NH),  1647m (C=N), 1605m 
( G C ) ,  1330s (SO,-N), 1 165 and 1 155s (SO,-N), 1 133111, 
1 104m, 1 060m, 1 039m, 923m, 910s (CH,=CH), 883m, 676s, 
and 652m cm-l; slr 1.28 (18 13, overlapping d, J 7 Hz, 
CHMe,), 1.34 (6 H, s, 2-Me), 2.20-2.50 (6 H, m, 2,5,6-CHz), 
2.70 ( 1  H, br, OH), 2.95 (1 H, septet, J 7 Hz, p-CHMe,), 
4.28 (2 H, septet, J 7 H z ,  o-CNMe,), 4.75-5.10 (2 H, br, 
8-CH2), 5.50-6.00 (1 H, m ,  7-CH), 7.25 (2 H ,  s, aryl-H), 
and 10.60 (1 H,  br, S H ) ;  m/e 436 (M") ,  267, 251, 204, 
189 (base), 161, 112, 91, and 59 (Found: C, 66.2; H ,  
9.4; AT, 6.5. C,,H,,X',O,S requires C, 6.60; H, 9.25; N, 

P v e  fiavatzon of 6- IodometJby Z- 3-nzethylenetetvalaydropyvan-2- 
one (49a).--A mixture of the (I?)- and (2)-sulphonylhydra- 
zones (42) and (41) (85 : 15, 1.188 g) was dissolved in DME 
(10 ml) and TMEDA (1.5 ml) and the solution was cooled to  
-78  "C. n-Butyl-lithium ( 1 . 3 1 ~ ;  5.6 ml) was added and 
the solution was warmed to - 3  "C over 2 h, recooled t o  
-78  "C, quenched with carbon dioxide gas, and warmed t o  
25 "C. General work-up [(C) trifluoroacetic acid (1.4 g),  
diclilorometliane] and chromatography on Kieselgel H 
(20 g) [eluant: dichloroniethane-diethyl ether (1 : 0-19 : l)] 
gave slightly impure 2-methylenehes-5-enoic (48) (270  mg, 
< 68%) as an  oil; vr,l:by. 3 500-2 400br (OH), 1 700s (CO,H), 
1 633m (C=C), 950ni (CH,=C), and 915m cm-l (CH,=CH) ; SII 
2.10-2.60 (4 H, ni, 3-, 4-CH,), 4.95-5.25 (2 H, m, 6-CH), 
5.65-6.15 (1 H ,  ni, 5-CH), 5.75 (1 H, t, J 1 Hz, 2-C=CH2), 
6.43 (1 H, t, J 1 Hz, 2-C=CH,), and 11.60 (1 H, br, OH) ; m/e 
126 ( I l l " ) ,  111 (Mf - Me), 108 (Mt' - H,O), and 81 
( A f t  - CO,H, base). The acid (48) was dissolved in water 
(20 ml) and dichloromethane (20 ml). Sodium hydrogen- 
carbonate (180 mg) was addecl and the mixture was stirred 
for 15 min. A solution of iodine (544 mg) in saturated 
potassium iodide (10 ml) was added as drops for 30 min and 
the mixture was then stirred for 1 h .  General work-up [(A) 
sodium thiosulphate solution, dichloromethane] and chrom- 
atography on Kieselgel H (2 1 g) [eluant: dichloromethane] 
gave the iodo-lactone (49a) (396 nig, 50%) as  an oil; v , , ~ ~ ~ .  
1 728s ( G O ) ,  1 625m (C=C), 1 378m, 1 297s, 1 228m, 1 210m, 
1 155 and 1 140s (C-0), 1075ni, 1043m, 1020m, 1 OlOm, 
950m (CH,=), 933m, and 804m cm-l; 8H 1.54-2.55 (2 H, 
ni, 5-CH2), 2.60-3.00 (2 H, m, 4-CH2), 3.46 (2 H, d ,  J 5 

CH,=), and 6.47 (1 H, q ,  J 1.5 Hz, CH,=); m/e 252 ( M + ) ,  125 
( M +  - I, base), 111 ( M +  - ICH,), 07, 83, 55, 43, and 41 
(Found: C, 33.5; H, 3.8. C,H,IO, requires C, 33.35; H, 

Preparation of 3,6-Dimethylenetetvahydropyran-2-one 
(50a).-The iodo-lactone (49a) (169 mg) was dissolved in 
benzene (4 ml) and DBU (0.15 ml) was added to  i t ;  the  
solution was then heated t o  74 "C for 2.75 h after which i t  
cooled to  25 "C. General work-up [(R) diethyl ether] and 
p.1.c. [one development with dichloromethane] gave the  
dimethylene-Zactone (50a) (53 mg, 64%) as an oily solid; vmax, 
1740s (CEO), 1660s (CHIC-0), 1635m (C=C), 1440m, 
1325m, 1296s, 1265m, 1135s (C-0), 990m, 946 (CH,=), 
850m, and 800m cm-l; SIX 2.62 (4 H, br s, 4-, 5-CH2), 
4.38 (1 H, br s, 6-C=CH2), 4.72 (1 H, t ,  J 1 Hz, 6-C=CH2), 

6.4';;). 

Hz, CHZI), 4.28-4.60 (1 H, 111, 6-CH), 5.72 (1 H, q, J 1.5 Hz, 

3.6%). 
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5.72 (1 H, t, J Hz,  3-C=CH2), and 6.54 (1 H, t ,  J 1 Hz, 3- 
C=CH2); m/e 1-24 (Mt*), 96, 95, 86, 84 (base), and 39 
(Found: C, 67.5; H, 6.55. C,H,O, requires C, 67.75; H, 
6.5%). 

Preparation Of Hept-6-en-3-one 2,4,6- Tri-asopyopylbenzene- 
sulphonylhydvnzone (51a) .-The butanone trisylhydrazone 
(6b) (971 mg) was dissolved in DME (5  ml) and the solution 
was cooled to -78 "C. n-Butyl-lithium (1.31111; 5.0 ml) was 
added and the resultant golden solution was warmed to 
-G6 "C over 20 min and recooled to -78  "C. Ally1 
bromide (0.40 ml) was added to give a cloudy solution which 
was warmed to -65 "C over 40 rnin, stirred for 20mi11, 
quenched with glacial acetic acid (0.50 nil) in water (2 ml). 
and warmed to 25 "C. General work-up [(A) diethyl ether] 
and recrystallisation from ethanol and water gave an in- 
separable mixture of the (E)- and (Z)-suZpltonyl/~ydrazones 
(5la) (major) and the (E)- and (Z)-3-methylhex-5-en-2-one 
2,4,6-tri-iso~ropylbenzenesul~honylhydva~ones (5 1 b) (minor) 
(810 mg, 75%) homogeneous on t.l.c., m.p. 78-82 "C; vnlcrY, 
3 270m (NH) ,  1603m (C=C), 1328ni (SO,-N), 1 163s'and 
1 154s (SO,--N), 1 30,5m, 942m, 907m (CH,=CH), 882m, and 
665s cm-l; (51a) 1.05 (3 H, ca. t, J 8 Hz,  1-Me), 1.26 
(18 H, overlapping d,  J 7 Hz, CHMe,), 1.95-2.40 ( G  H, m, 
2-, 4-, 5-CH2), 2.95 (1 H, overlapping septets, J 7 Hz ,  p -  
CHMe,), 4.30 (2 H, overlapping septets, J 7 Hz, o-CHMe,), 
4.70-5.25 (2 H, m, 7-CH2), 5.40-5.05 (1 H, in, G-CH), and 
7.15 (2 H, s, aryl-H); m/e 394 (Aft*), 267 (base), 189, 161, 
55, and 43. Recrystallisation from methanol and water 
gave material with n1.p. 87-95 "C (l;ountl: C, 67.35; 14, 
9 .5;  N, 7.1. C,,H,,N,O,S requires C, G7.3; H, 9.25; N, 
7.1 5 "/ ) . 

Preparation of 3- Etl~ylitlene-6-iodovlzetl~yZtetvnl~y~l~~~ furma-2- 
one (49b) .-A mixture of the sulphonylhydrazones (51a) 
(major) and (51b) (minor) (693 mg), m.p. 78-82 "C, was 
dissolved in DME (6 nil) and the solution was cooled to 
-78 "C. n-Rutyl-lithium ( 1 . 3 1 ~ ;  4.3 nil) was added and 
the resultant brown-red solution was warmed to -70 "C 
over 45 min; i t  was then warmed to - 4  "C over 2 h, re- 
cooled to -78 "C ,  quenched with carbon dioxide gas, and 
warmed to 25 "C. General work-up [(C) dichloromethane, 
trifluoroacetic acid (0.70 g)] and chromatography on Kiesel- 
gel H (19 g) [eluant: dichloroniethane-diethyl ether 
(1 : 0-19 : l)] gave crude 2-ethylidenehex-5-enoic acid (202 
mg); vnlRx, 1690s (CO,H), 1 645111 (CzC), and 910s cm-l 
(CH,=) . Sodium hydrogencarbonate (1 32 mg) ant1 water 
(14 ml) were added and the solution was stirred for 10 min. 
Dichloromethane (20 ml) was added and a solution of iodine 
(367 mg) in saturated potassium iodide (10 ml) was added as 
drops for 25 min. The solution was stirred for 1 hand treated 
with solid sodium thiosulphate until colourless. General 
work-up [(B) diethyl ether], chromatography on Kieselgel 
H (18 g) [eluant: dichloromethane], and p.1.c. [one develop- 
ment with dichloromethane] gave the iodo-lactone (49b) 
(182 mg, 39%) as an oil; v , ~ , ~ ~ ~ .  1720s ( G O ) ,  1640s (C=C) 
1385m, 1320m, 1262s (C-0), 1232m, 1 Zoom, 1 150s 
(C-0), 1 090m, 1 065m, 1 050m, 965m, and 726m cm-l; BH 
1.50-1.70 (4 H, m, 4-, 5-CH,), 1.83 (3 H, d t ,  J 7, 1 H z ,  Me), 
3.34-3.70 (2 H, m, CH,I), 4.14-4.47 (1 H ,  m,  6-CH), and 
7.06 (1 H, qt ,  J 7, 2 Hz ,  HC=); m/e 266 (M''), 139 (M' - I), 
125 (M' - CH,I, base), 97, and 53 (Found: C, 36.4; H, 
4.3. C,H,,IO, requires C ,  36.1; H, 4.15%) and 6-iodo- 
methyl-4-methyl-3-methylenetetrahyd~~opyran-2-one (49c) (28 
mg, 6%) as an oil; v,, ,~.  2 958m, 1 723s ( G O ) ,  1 618m (C=C), 
1400m, 1 376m, 1 292m, 1 253s, 1 148s, 1 110m, 1033m, 
950m (CH,=), and 800m cm-'; aII 1.28 (3 HI d, J 7 Hz, 4-Me), 

1.30-3.60 ( 3  H, m, 4-CH, 5-CH2), 3.30-3.35 (2 HI m, 
CH,I),  4.15-4.75 ( 1  H ,  m, 6-CH), 5.65-5.85 (1 H, m, CH,=), 
and 6.50-4.70 (1 H, m, =CH,); m/e 266 (M+) ,  139 (M+ - 
I, base) 125 ( M +  - CH,I), 97, 67, and 53 (Found: C, 36.25; 
HI 4.35. 

Pvepavataon of (E)-3-Ethylidene-6-methylenetetvahyd~o- 
pyvan-2-one (50b) .-The methylene-lactone (49b) (104 mg) 
was dissolved in benzene (4 ml) and DBU (0.07 ml); the 
solution was heated to  80 "C for 3 h and cooled to 25 "C. 
General work-up [(B) diethyl ether], chromatography on 
Kieselgel H ( 1  1 g) [eluant: dichloromethane], and p.1.c. 
[one development with dichloromethane] gave the (E)- 
dimethylene-lactone (50b) (38 mg, 71%) as an oil; v,,,,,~. 
1 740s ( G O ) ,  1 670s (C=C-0), 1 645s (C=C), 1440m, 1326m, 
1315m, 1277n1, 1250s, 1 174s, 1 158s, 1 140s (C-0), 
1 0G2m, 1 020m, 968m, and 736m cn1-l; SIT 1.8G (3 H, d, J 
7 Hz, Me), 2.55 (4 H, br s, 4-, 5-CH,), 4.37 (1 H, br s, CH,=), 
4.70 (1 H, d, J 1.5 Hz ,  CH,=), and 7.10 (1 H, q, J 7 Hz,  
3-C=CH) ; nz/e 138 (M+, base), 96, 95, 68, and 67 (Found: 
C, 69.6; HI 7.65. 

C,H,,IO, requires C, 36.1; H, 4.15%). 

C,Hl,O, requires C, 69.55; HI 7.3%). 
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