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Derivatives of 3,7-dimethyl-9-(2-oxolanyl)-2,6-nonadienoic acid (methyl, ethyl, isopropyl, cyclo-
propylmethyl , and propargyl ester, N-ethylamide, N,N-diethylamide, and nitrile), 3,7-dimethyl-
-9-(2-oxolanyl)-2-nonenoic acid (methyl, ethyl, and isopropyl ester, N-ethylamide and N,N-di-
ethylamide), and 3,7-dimethyl-9-(2-oxolanyl)-2,4-nonadienoic acid (methyl and isopropyl ester) 
have been prepared. 

In connection with detailed investigations in the field of the insect juvenile hormone, 
particularly with respect to the relationship between chemical structure and bio-
logical activity, attention has been now paid to preparation** of bioanalogues 
in which the oxirane ring of the parent juvenile hormone had been replaced by the 
oxolane ring. The preparation of some of these analogues has been so far reported 
in patent applications only1 , 2 . 

As the starting material in the synthesis of the present analogues, 4-(2-oxolanyl)-
-2-butanol (/) has been used. Compound I is readily accessible by the catalytic 
hydrogenation of furfurylideneacetone3 . Oxidation of the alcohol / with the Jones 
reagent4 , 5 afforded 4-(2-oxolanyl)-2-butanone (II) which was converted to ethyl 
3-methyl-5-(2-oxolanyl)-2-butenoate (III) by reaction with diethyl ethoxycarbonyl-
methanephosphonate6 . The catalytic hydrogenation of compound III yielded ethyl 
3-methyl-5-(2-oxolanyl)butanoate (IV) which was reduced with lithium aluminium 
hydride to afford 3-methyl-5-(2-oxolanyl)butanol (VI). A similar reduction of com-
pound III gave 3-methyl-5-(2-oxolanyl)-2-butenol (V).The alcohols V and VI were 
converted to f-bromo-3-methyl-5-(2-oxolanyl)-2-butene (VII) and l-bromo-3-methyl-
-5-(2-oxolanyl)butane (VIII), resp. Alkylation of ethyl acetoacetate with bromides 
VII and VIII and ketonic hydrolysis of the resulting keto esters afforded 6-methyl-
-8-(2-oxolanyl)-5-octen-2-one (IX) and 6-methyl-8-(2-oxolanyl)-2-octanone (X), resp. 

By reaction of ketones IX and X either with triphenylalkoxycarbonylmethylene-

* Part X X I X in the series Natural and Synthetic Materials with the Insect H o r m o n e Activ-
ity; Part XXVII I : This Journal 41, 1073 (1976). 

** The biological activity of the present substances will be reported elsewhere. 
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p h o s p h o r a n e s u n d e r ac id i c c a t a l y s i s 7 o r w i t h d i a l k y l e s t e r s of a l k o x y c a r b o n y l -

m e t h a n e ( o r c y a n o m e t h a n e - , a l k y l a m i n o c a r b o n y l m e t h a n e - , a n d d i a l k y l a m i n o c a r b o -

n y l r n e t h a n e - ) p h o s p h o n i c a c i d s 6 8 t h e r e w e r e p r e p a r e d t h e c o r r e s e p o n d i n g d e r i v a -

t ives of 3 , 7 - d i m e t h y l - 9 - ( 2 - o x o I a n y l ) - 2 , 6 - n o n a d i e n o i c ac id ( d e r i v a t i v e s XIa—XIc, 
Xlh, XIi, XV) a n d of 3 , 7 - d i m e t h y l - 9 - ( 2 - o x o l a n y l ) - 2 - n o n e n o i c a c i d ( X l l a - X I I e ) , 
r e s p . 

T h e p r o p a r g y l e s t e r Xlf a n d t h e c y c l o p r o p y l m e t h y l e s t e r Xlg w e r e p r e p a r e d f r o m 

t h e e t h y l e s t e r Xlb by s a p o n i f i c a t i o n , c o n v e r s i o n of t h e l i b e r a t e d ac id Xld t o i ts 

c h l o r i d e Xle, a n d t h e s u b s e q u e n t r e a c t i o n w i th t h e a p p r o p r i a t e p r i m a r y a l c o h o l 9 1 0 . 

T h e e s t e r s XHIa a n d Xlllb of 3 , 7 - d i m e t h y l - 9 - ( 2 - o x o l a n y l ) - 2 , 4 - n o n a d i e n o i c ac id 

w e r e p r e p a r e d f r o m 3 - m e t h y l - 5 - ( 2 - o x o l a n y I ) p e n t a n a l ( X I V ) by r e a c t i o n w i th t h e 

c o r r e s p o n d i n g d i a lky l 2 - m e t h y l - 3 - a l k o x y c a r b o n y l - 2 - p r o p e n e p h o s p h o n a t e s . T h e a l d e -

h y d e XIV is access ib le e i t h e r b y r e d u c t i o n of e thy l 3 - m e t h y l - 5 - ( 2 - o x o l a n y l ) p e n t a n o a t e 

(IV) w i th s o d i u m d i h y d r i d o b i s ( 2 - m e t h o x y e t h o x y ) a l u m i n a t e n o r by o x i d a t i o n of 3-

- m e t h y l - 5 - ( 2 - o x o l a n y l ) p e n t a n o l (VI) w i th t h e c h r o m i c t r i o x i d e - p y r i d i n e c o m p l e x 

in d i c h l o r o m e t h a n e 1 2 . All t h e r e a c t i o n s t eps a r e d e p i c t e d in S c h e m e 1. 

EXPERIMENTAL 

Column chromatography was performed on the Pitra silica gel (particle size, 60—120 micron: 
produced by Service laboratories of this Institute), partially deactivated by the addition of 12% 
water. Thin-layer chromatography was carried out on the Merck silica gel G. The homogeneity 
of substances and the ratio of cis/trans isomers was determined by gas chromatography on a Pye 
Argon Chromatograph with ionisation detection ( 9 0 Sr ) ; the columns were packed with 10% 
butanediol succinate or Q F 1 on Chromosorb W. The IR spectra were taken on a UR 10 or 
U R 20 spectrometer (Carl Zeiss, Jena, German Democrat ic Republic) in tetrachloromethane. The 
UV spectra were recorded in ethanol on an Optica Milano CF 4 spectrometer. The mass spectra 
were measured on an A.I.E. MS 902 apparatus combined with a Pye Series 104 Model 64 gas 
chromatograph. 

4-(2-Oxolanyl)-2-butanone ( / / ) 

4-(2-Oxolanyl)-2-butanol3 (/; 149-4 g;, 1 G36 mol) was dissolved in oxidation-stable acetone (600 ml) 
and the solution cooled down to + 5 C. The precooled oxidant (77 8 g i.e. 0-8 mol of chromium 
trioxide, 341 ml of water, and 127-6 g i.e. 1-25 mol of conc. sulfuric acid) was then dropwise 
added with vigorous stirring over 30 min at such a rate to maintain the temperature at about 
20~C. After stirring for 4 h at room temperature, the starting alcohol / practically disappeared 
(thin-layer chromatography, 9 : 1 light petroleum-acetone). The exccess oxidant was then 
decomposed by addition of the required amount of solid sodium metabisulfite ( N a 2 S 2 0 5 ) . The 
lower aqueous phase was separated and extracted with light petroleum (200 ml). The extract 
was combined with the original upper phase: two layers resulted; the lower phase was combined 
with the original lower phase and extracted with light petroleum (200 ml). This extract was com-
bined with the original upper phase; if a lower layer separated, it was combined with the original 
lower phase. The whole process was repeated twice more. The thus-obtained extract was succes-
sively washed with two 50 ml portions of saturated aqueous sodium chloride, two 50 ml portions 
of saturated aqueous sodium hydrogen carbonate, and saturated aqueous sodium chloride (50 ml) 

Col l ec t ion Czechos lov . Chem. C o m m u n . [Vol. 41] [1976] 



Cyclic A n a l o g u e s of the Insect Juveni le H o r m o n e 1227 

O 
X 
u 
X 

n ° HC X U — U 

£ 

U Di 

X 
o 
u 
X 

« U 

X 
u — u 

X 
u 
II 
X 
u 
X 

« u 
X E 
U — 1 4 

£ 
u 

^ X 
u 
OS 

X 
u 
X £ 
u u 
o o 

X X 

^ J* 

X X 
u — u 

u — u IN tN 
X X 

a. 

Col lec t ion C z e c h o s l o v . C h e m . C o m m u n . [Vol. 41] [1976] 



1228 Hejno, So rm: 

again, dried over anhydrous magnesium sulfate, and distilled under diminished pressure to afford 
7-03 g (4-8%) of the forerun, b.p. up to 91-5°C/13-5 Torr, and 109-6 g (74-4%) of the ketone II, 
b.p. 91-5 —98-5°C/13-5 Torr. For C 8 H 1 4 0 2 (142-2) calculated: 67-57% C, 9-93% H; found: 
67-54% C, 9-78% H. IR spectrum ( c m - 1 ) : 1 721, 1 359, 1079, and 1 033. 

Ethyl 3-Methyl-5-(2-oxolanyl)butanoate (IV) 

Ethyl 3-methyl-5-(2-oxolanyl)-2-butenoate6 (III; 96-8 g; 0-456 mol) was dissolved in 96% ethanol 
(150 ml) and hydrogenated over a 5% palladium on active charcoal catalyst to afford 88-2 g 
of a liquid, b.p. 72°C/0-2 Torr to 94-5°C/0-l Torr. The purity of the product was not satisfactory 
as shown by thin-layer chromatography on silica gel in 9 : 1 light petroleum-acetone. The crude 
product was therefore subjected to column chromatography on silica gel (1 700 g) in 96 : 4 light 
petroleum-acetone to afford 76-3 g (78%) of the ester IV, b.p. 80°C/0-03 Torr to 77-2°C/0-008 
Torr. For C 1 2 H 2 2 0 3 (214-3) calculated: 67-25% C, 10-35% H; found: 67-28% C, 10-30% H. 1R 
spectrum ( c m - 1 ) : 1734, 1 185, 1160, 1096, and 1069. 

3-Methyl-5-(2-oxolanyl)-2-butenol (V) 

The ester6 III (21-3 g; 0-1 mol) in ether (100 ml) was added dropwise with stirring and cooling 
( —20°C) over 80 min into a solution of lithium aluminium hydride (2-47 g) in ether (300 ml). 
The mixture was stirred in the original freezing bath for 2-5 h (after this period of time the bath 
temperature was — 10°C), allowed to warm to room temperature and decomposed1 3 by succes-
sive additions of water (2-5 ml), 15% aqueous sodium hydroxide (2-5 ml), and water (7-5 ml) 
again. The precipitate was filtered off and washed with ether. The filtrate and washings were 
processed as usual, dried over Drierite and distilled to afford 0-47 g of the forerun, b.p. up to 
100°C/0-25 Torr, and 13-7 g (80-4%) of the alcohol V, b.p. 100-106°C/0-25 Torr. For C 1 0 H 1 8 O 2 

(170-2) calculated: 70-54% C, 10-66% H; found: 70-41% C, 10-38% H. IR spectrum ( c m - 1 ) : 
3 615, 1 665, 1089, 1 069, 1 024, and 1 006. 

3-Methyl-5-(2-oxoIanyl)butanol ( V I ) 

The ester IV (67-85 g; 0-316 mol) in ether (70 ml) was added dropwise with stirring over 1 h 
into a solution of lithium aluminium hydride (7-21 g; 0-19 mol) in ether (430 ml), the mixture 
refluxed for 2 h, decomposed1 3 by the successive additions of water (7-3 ml), 15% aqueous sodium 
hydroxide (7-3 ml), and water (21-9 ml) again, and processed as usual to afford 51-9 g (95-2%) 
of compound VI, b.p. 102-1 - 103-0°C/0-43 Torr. For C 1 0 H 2 0 O 2 (172-3) calculated: 69-72% C, 
11 -70% H; found: 69-74% C, 11 -96% H. 

l-Bromo-3-methyl-5-(2-oxolanyl)-2-butene ( V I I ) 

Into a solution containing the alcohol V (67-3 g; 0-395 mol), light petroleum (115 ml), and dry 
pyridine (9-5 ml) there was added dropwise with stirring and cooling to — 15°C over 90 min 
a solution of phosphorus tribromide (48-1 g; 0-178 mol) in light petroleum (40 ml). The mixture 
was stirred at — 14°C for additional 30 miri, poured into a mixture of ice and water, and extracted 
with ligth petroleum. The extract was successively washed with water, 0-5M potassium hydrogen 
carbonate, and water again, dried over Drierite, and taken down under diminished pressure 
on a rotatory evaporator at the bath temperature of 20°C to afford 74-5 g (81%) of the crude 
bromide VII which was used in the next step without delay because of its instability. 
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1 - B r o m o - 3 - m e t h y l - 5 - ( 2 - o x o l a n y l ) b u t a n e ( V I I I ) 

T h e t i t le c o m p o u n d VIII was p r e p a r e d a c c o r d i n g t o r e f . 1 4 f r o m t h e a l coho l VI (45 0 g; 0-261 mol ) , 
t r i p h e n y l p h o s p h i n e (75-4 g; 0-287 mo l ) , d i m e t h y l f o r m a m i d e (260 ml) , a n d d ry b r o m i n e (45-9 g; 
0-287 mol ) . T h e l ight p e t r o l e u m ex t rac t was coo led d o w n , t h e solid t r i p h e n y l p h o s p h i n e ox ide 
filtered off , a n d t h e filtrate p rocessed as usua l . In t h e a t t e m p t e d dis t i l la t ion u n d e r d imin i shed 
pressure , t h e c r u d e b r o m i d e b e g a n t o d e c o m p o s e . T h e c o n t e n t of t h e d is t i l la t ion flask was there-
f o r e coo led d o w n , p o u r e d i n t o wa te r , a n d t h e b r o m i d e ex t r ac t ed i n t o l ight p e t r o l e u m . T h e ext rac t 
was successively w a s h e d wi th wa te r , 0-5M p o t a s s i u m h y d r o g e n c a r b o n a t e , a n d w a t e r aga in until 
neu t ra l , d r ied ove r m a g n e s i u m su l fa te , e v a p o r a t e d , a n d t h e r e s idue c h r o m a t o g r a p h e d o n silica 
gel (440 g) in 96 : 4 l ight p e t r o l e u m - e t h e r . Yie ld , 39-2 g (64%) of t h e b r o m i d e VIII. F o r C 1 0 H 1 9 . 
. B r O (235-2) ca l cu la t ed : 51-07% C, 8-15% H , 33-98% Br; f o u n d : 51-02% C, 8-11% H , 33-90% Br. 

6 -Methy l -8 - (2 -oxo lany l ) -5 -oc ten -2 -one {IX) 

A m i x t u r e of t h e c r u d e b r o m i d e VII {74-5 g; 0-319 mo l ) a n d ethyl a c e t o a c e t a t e (54-1 g; 0-415 mol) 
was coo led d o w n t o — 20°C a n d t r e a t e d d r o p w i s e wi th s t i r r ing over 1 h wi th e thano l i c s o d i u m 
e thox ide ( f r o m 8-1 g of s o d i u m a n d 180 ml of e t h a n o l ) at such a r a t e t o k e e p t h e t e m p e r a t u r e 
be tween — 12°C a n d — 7°C. T h e s t i r r ing was c o n t i n u e d f o r 3 h a t t h e s a m e t e m p e r a t u r e . T h e 
m i x t u r e was t h e n a l lowed t o s t a n d f o r 48 h , h e a t e d to 80°C, a n d t r e a t e d d ropwi se a t th is t e m p e r a -
t u r e over 1 h wi th 10% a q u e o u s s o d i u m h y d r o x i d e (507 ml) . T h e w h o l e m i x t u r e w a s t h e n h e a t e d 
at 80°C f o r a d d i t i o n a l 4 h , coo led d o w n , ex t rac ted with light p e t r o l e u m , a n d t h e ex t rac t p rocessed 
as usual t o a f f o r d 2-7 g of a f o r e r u n , b .p . u p t o 107°C/0-45 T o r r , a n d 57-8 g (86%) of t h e requ i red 
k e t o n e I X , b .p . 107°C/0-45 T o r r t o 116°C/0-3 T o r r . T h e ana ly t i ca l s a m p l e was redis t i l led. F o r 
c i 3 H 2 2 ° 2 (210-3) ca lcu la ted : 74-24% C, 10-54% H; f o u n d : 74-54% C, 10-51% H . I R s p e c t r u m 
( c m - 1 ) : 1720, 1670, 1360, a n d 1070. 

6- Me thy l -8 - (2 -oxo lany l ) -2 -oc t anone ( X ) 

I n t o a s t i r red e t h a n o l i c s o d i u m e t h o x i d e so lu t ion ( f r o m 4-4 g of s o d i u m a n d 95 ml of e thano l ) 
t he re was a d d e d d r o p w i s e over 15 m i n e thyl a c e t o a c e t a t e (26-0 g; 0-2 mol ) a n d t h e n over 1 h the 
b r o m i d e VIII (39-2 g; 0-167 mol ) . T h e m i x t u r e was kep t a t r o o m t e m p e r a t u r e o v e r n i g h t a n d 
hea ted at 90°C f o r 9 h . A q u e o u s 10% s o d i u m h y d r o x i d e (245 ml ) was t h e n a d d e d d ropwi se 
at 90°C o v e r 30 m i n a n d t h e h e a t i n g at 90°C c o n t i n u e d t o r a d d i t i o n a l 4 h. T h e m i x t u r e was t h e n 
cooled d o w n , ex t r ac t ed wi th light p e t r o l e u m , a n d t h e ex t rac t p rocessed as usual t o a f f o r d 5-97 g 
of a f o r e r u n , b .p . u p t o 99°C/0-008 T o r r , a n d 21-0 g (59%) of t h e k e t o n e X, b .p . 9 9 - 5 - 1 0 6 - 0 ° C : 
: 0 008 T o r r . T h e ana ly t i ca l s a m p l e was c h r o m a t o g r a p h e d o n silica gel in 95 : 5 l ight p e t r o l e u m -
ace tone a n d redis t i l led. F o r C 1 3 H 2 4 0 2 (212-3) ca lcu la ted : 73-53% C, 11-40% H ; f o u n d : 73 -55%C, 
11-36% H . I R s p e c t r u m ( c m - 1 ) : 1720, 1360, 1080, 1069, a n d 1051. 

Methy l 3 ,7 -Dime thy l -9 - (2 -oxo lany l ) -2 -nonenoa t e (Xlla) 

A mix tu re of t h e k e t o n e X (2-17 g; 0-01 mo l ) , m e t h o x y c a r b o n y l m e t h y l e n e t r i p h e n y l p h o s p h o r a n e 
(5 02 g; 0-015 m o l ) d ry benzene (30 ml) , a n d benzo ic ac id (0-99 g) was ref luxed u n d e r a r g o n 
f o r 24 h. A f u r t h e r p o r t i o n of t h e p h o s p h o r a n e (1-67 g; 0-005 mol ) , benzene (10 ml) , a n d benzoic 
acid (0-3 g) was t h e n a d d e d a n d t h e ref lux c o n t i n u e d f o r a d d i t i o n a l 24 h. Th i s p r o c e d u r e was 
•repeated o n c e m o r e . T h e benzene was t h e n e v a p o r a t e d u n d e r d imin i shed p re s su re a n d t h e oily 
viscous res idue ex t r ac t ed by r e p e a t e d t r i t u r a t i o n s wi th light p e t r o l e u m . T h e ex t rac t s were c o m -
bined a n d p rocessed as usual . T h e resu l t ing c r u d e ester Xlla w a s c h r o m a t o g r a p h e d o n silica gel 
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(175 g) in 93 : 7 light petroleum-methyl acetate and the fract ions checked by thin-layer chromato-
graphy on silica gel in 85 : 15 light pe t ro leum-methyl acetate. The appropr ia te fract ions were 
pooled and distilled to afford 1-42 g (53%) of the ester Xlla, boiling at 1 2 0 - 130°C (bath tempera-
ture) and 0 004 Torr . As shown by gas-l iquid chromatography , the cisjtrans rat io of the main 
fract ion was 41 : 59. For C 1 6 H 2 8 0 3 (268-4) calculated: 71-60% C, 10-52% H; found: 71-95% C, 
10-63% H. IR spectrum f e m " 1 ) : 1 720, 1 649, 1 225, 1 152, 1 068. 

Ethyl 3,7-Dimethyl-9-(2-oxolanyl)-2-nonenoate (XIlb) 

A. The title ethyl ester Xllb was prepared analogously to the methyl ester Xlla f r o m the ketone 
X (2 \1 g; 0-01 mol). The crude product was chromatographed on a column of silica gel (175 g) 
in 96 : 4 light petroleum-ethyl acetate. The fract ions were checked by thin-layer chromatography 
on silica gel in 9 : 1 light petroleum-ethyl acetate. The appropr ia te fractions were pooled and pro-
cessed as usual to afford 1-60 g (57%) of the ester Xllb boiling at the bath tempera ture of 125°C : 
: 0-004 Tor r to 135°C/0-003 Torr . As shown by gas-l iquid chromatography, the middle f ract ion 
of the product contained the cisjtrans isomers in the rat io 42 : 58. F o r C I 7 H 3 0 O 3 (282-4) cal-
culated: 72-30% C, 10-71% H; found: 72-59% C, 10-92% H. IR spectrum ( c m - 1 ) : 1 715, 1223, 
1 150, and 1047. 

B. F r o m the ketone X (2-17 g; 0-01 mol) and diethyl e thoxycarbonylmethanephosphonate 
(2-47 g; 11 mmol) there was obtained 2-36 g (84%) of the ester Xllb boiling at the bath tempera ture 
of 130 C/0-007 Tor r to 140°C/0-005 Torr . As indicated by gas-liquid chromatography , the distil-
late contained three isomers. For C 1 7 H 3 0 O 3 (282-4) calculated: 72-30% C, 10-71% H; found : 
72-12% C, 10-65% H. IR spectrum ( c m ~ x ) : 1 749, 1715, 1223, 1 150 ,1048. The shoulder at 1735 
c m - 1 indicates the presence of a small amount of a non-conjugated compound . As determined 
by mass spectroscopy, all the three isomers exhibit the molecular ion 282. The mass spectra 
of two ma jo r isomers were identical while the spectrum of the third isomer differed in intensity 
of some f ragment ions (this observation suggests localisation of the double bond in some other 
position). 

Methyl 3,7-dimethyl-9- (2-oxolanyl)-2,6-nonadienoate (XIa) was prepared f r o m the ketone IX 
(214 g; 0 01 mol) and dimethyl methoxycarbonylmethanephosphonate in the usual manner . 
Chromatography and distillation afforded fract ions boiling at the bath temperatures of 108°C : 
: 0 005 Tor r to 115°C/0 004 Tor r (0-66 g; 24-6%) and 108-120°C/0 -004 Tor r (1-38 g; 51-8%). 
As indicated by gas-l iquid chromatography, the two fract ions differed by the ratio of isomers 
only. F o r C 1 6 H 2 6 0 3 (266-4) calculated: 72-14% C, 9-84% H; found: 72-18% C, 9-77% H. I R 
spectrum ( c m - 1 ) : 1719, 1650, 1 222, 1150, and 1070. 

Ethyl 7>,l-dimethyl-9-(2-oxolanyl)-2,6-nonadienoate (Xlb) was prepared analogously f rom the 
ketone 7^(2-14 g; 0-01 mol) and diethyl e thoxycarbonylmethanephosphonate in the usual manner . 
Chromatography and distillation afforded fract ions boiling at the bath temperatures of 108 to 
120 C / 0 005 Tor r (0-32 g; 11-4%) and 123-145°C/0-004 Tor r (2-09 g; 74-5%). For C 1 7 H 2 8 0 3 

(280-4) calculated: 72-81% C, 10-07% H; found: 73-09%, 10-20% H. IR spectrum ( c m - 1 ) : 1715, 
1222, 1 150, and 1070. As indicated by gas-l iquid chromatography, the two fract ions differed 
by the content of cisjtrans isomers only. 

N ,^ -Die thy lamide of 3,7-dimethyl-9-(2-oxolanyl)-2,6-nonadienoic acid (Xlc) was prepared 
f rom the ketone IX (2-14 g; 0 01 mol) and diethyl d ie thylaminocarbonylmethanephosphonate . 
Fract ions obtained by column chromatography on silica gel (140 g) in 9 : 1 light petroleum-ace-
tone were checked by thin-layer chromatography on silica gel in 8 : 2 light pet roleum-acetone. 
The appropr ia te fract ions were pooled and taken down under diminished pressure on a rotatory 
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evaporator . Three port ions were obtained, differing in the content of isomers (as determined 
by gas-l iquid chromatography: 0-50 g (16-3%), 1-32 g (42-9%), and 1-21 g (39-3%). For C 1 9 H 3 0 . 
, N 0 2 (307-5) calculated: 74-22% C, 10-82% H, 4-55% N; found: 73-87% C, 10-82% H, 4-33% N. 
IR spectrum ( c m - 1 ) : 1 652, 1630, and 1070. Mass spectra of four ma jo r isomers were measured 
and found to be almost identical ( M + equal to 307 in all cases). 

3,7-Dimethyl-9-(2-oxolanyl)-2,6-nonadienoic Acid ( X l d ) 

The ester Xlb (8-35 g; 29-7 mmol) was saponified by s tanding at r o o m temperature for four days 
with potassium hydroxide (5 g) in water (5 ml), and methanol (50 ml). Usual work-up yielded 
7-4 g (98-5%) of the crude acid Xld. 

Propargyl 3,7-Dimethyl-9-(2-oxolanyl)-2,6-nonadienoate (Xl f ) 

Into a stirred solution containing the acid Xld (3-17 g; 12-5 mmol) , dry ether (33 ml), and dry 
pyridine (0-99 g; 12-5 mmol) there was added dropwise under cooling thionyl chloride (1-49 g; 
12-5 mmol) and the mixture stirred at r o o m tempera ture for 1 h. Propargyl alcohol (0-7 g; 12-5 
mmol) in pyridine (0-99 g; 12-5 mmol) was then added dropwise over 10 min, the stirring con-
tinued for 2 h, the mixture kept at r o o m tempera ture overnight, decomposed with water, ex-
tracted with ether, and the extract processed as usual. The crude ester Xlf was chromatographed 
on silica gel (140 g) in 92 : 8 light pe t ro leum-ace tone and the content of fract ions checked by 
thin-layer chromatography on silica gel in 9 : 1 light pe t ro leum-acetone . The appropr ia te frac-
tions were pooled and distilled to afford 2-38 g (65%) of the ester Xlf boiling at the bath tempera-
ture of 130— 142°C at 0 008 Torr . For C 1 8 H 2 6 0 3 (290-4) calculated: 74-44% C, 9-03% H; found: 
73-29% C, 9-00% H. I R spectrum ( c m - 1 ) : 3 310, 1744, 1728, 1705, 1648, 1640, 1 139, and 1070. 
Mass spectra: M + 290 with four major isomers; the spectra of two and two isomers were almost 
identical. 

Cyclopropylmethyl 2>,l-dimethyl-9-(2-oxolanyI)nonadienoate (Xlg) was prepared analogously 
to the preceding paragraph f r o m the acid Xld (4-1 g; 16-2 mmol) and cyclopropylmethanol . 
Column chromatography was per formed on silica gel (140 g) in 93 : 7 light pe t ro leum-ace tone 
and the fract ions checked by thin-layer chromatography on silica gel in 9 : 1 light petroleum-ace-
tone. The appropr ia te fract ions were pooled and evaporated to afford two port ions differing 
in the content of isomers: 1-48 g (29-8)% and 2-35 g (47-3%). For C 1 9 H 3 0 O 3 (306-4) calculated: 
74-46% C, 9-82% H; found : 72-52% C, 9-53% H. IR spectrum ( c m - 1 ) : 3 080, 3005, 1714, 1734, 
1650, 1 222, 1 154, and 1 072. Mass spectra: M + 306 with the predominat ing isomers; the spectra 
were almost identical. 

3-Methyl-5-(2-oxolanyl)pentanal (XIV) 

A. In to a solution of the ester IV (13-19 g; 61-5 mmol) in ether (65 ml) there was added drop-
wise under argon with stirring and cooling (— 75°C) over 80 min a 70% benzene solution (9-23 ml) 
of sodium dihydridobis(2-methoxyethoxy)aluminate 1 1 diluted with ether (15 ml). The mixture 
was stirred at —75° for 24 h and the freezing bath was then removed. The — 75°C cold mixture 
was decomposed over 30 min with 20% aqueous sulfuric acid (62 ml). As soon as the tempera ture 
was 10°C, the mixture was worked up as usual. As indicated by thin-layer ch romatography 
on silica gel in 85 : 15 light pet roleum-acetone, the crude product (13-11 g) contained the requi-
fed aldehyde XIV, the unreacted starting ester IV, and the corresponding alcohol. The residue 
was therefore dissolved in ether (100 ml), the solution treated with sodium metabisulfite ( N a 2 S 2 . 
• 0 5 ; 16 g) in lukewarm water (30 ml), and the whole mixture stirred under argon for 16 h. The 
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precipitate of the aldehyde bisulfite was collected with suction, washed with ice-cold water and 
ether, dissolved in water, and the aldehyde liberated by the addit ion of a solution of sodium 
carbona te (7-0 g) in water (70 ml). The aldehyde was extracted with ether, the extract washed, 
dried over anhydrous magnesium sulfate, and distilled to afford 3-58 g (34%) of compound XIV 
boiling at the bath temperature of 120— 125°C/l0-75 Torr . F o r C ] 0 H 1 8 O 2 (170-2) calculated: 
70-54% C, 10-66% H; found: 70-45% C, 10-42% H. IR spectrum ( c m - 1 ) : 1 726 and 1 070. 

B. In to a mixture of dry pyridine (20-78 g; 0-26 mol) and dichloromethane (330 ml), chromium 
trioxide (13-14 g; 0-13 mol) was added^under argon with stirring. The mixture was stirred for 
30 min and then the alcohol VI (3-78 g; 21-9 mmol) in d ichloromethane (4 ml) was added. The 
stirring at room tempera ture was continued for 15 min. The upper d ichloromethane solu-
t ion was decanted and the remaining dark precipitate washed with three 145 ml por t ions of ether. 
The dichloromethane solution was combined with ethereal washings, washed successively with 
three 220 ml port ions of 5% aqueous sodium hydroxide, water, 5% aqueous HC1 (220 ml), water, 
5% aqueous sodium hydrogen ca rbona te (220 ml), and water again till neutral , dried over an-
hydrous magnesium sulfate, and distilled. Yield, 2-96 g (79%) of the aldehyde XIV boiling at the 
bath tempera ture of 120— 125°C/l l Torr . 

Preparat ion of Esters, Amides, and Nitriles Xlh, Xli, Xllc-XIIe, XHIa, XIlib, and XV 
(general procedure) 

To a stirred suspension of sodium hydride (10 mmol) in dry and peroxide-free 1,2-dimethoxy-
ethane (20 ml) there were added dropwise at r o o m tempera ture under argon over 5—10 min 
the appropr ia te substi tuted esters of phosphonic acids (11 — 13 mmol) and the mixture stirred 
for 1 h at room temperature or ai 50°C depending on the fo rmat ion of the ylide. The carbonyl 
compound (10 mmol) was then added dropwise at room tempera ture and the mixture stirred 
for 1 h at room temperature and for 0-5 to 19 h at 50—60°C. The reaction course was checked 
by thin-layer chromatography on silica gel. When the starting carbonyl c o m p o u n d disappeared 
or when the composit ion of the reaction mixture remained constant , the mixture was poured 
into water (500 ml) acidified with acetic acid or sulfuric acid, the product extracted with light 
petroleum, the extract washed as usual, dried over anhydrous magnesium sulfate, evaporated, 
and the residue chromatographed as specified below. 

Isopropyl 3,7-dimethyl-9-(2-oxolanyl)-2,6-nonadienoate (Xlh) , obtained f r o m the ketone IX 
(2-14 g; 10 mmol) and diisopropyl isoprOpoxycarbonylmethanephosphonate (3-46 g; 13 mmol) 
was chromatographed on a column of silica gel in 96 : 4 light pe t ro leum-acetone . The appropr ia te 
f ract ions (as determined by thinLlayer chromatography on silica gel in 9 : 1 light pe t ro leum-
acetone) yielded 0-40 g (13-6%) of a liquid boiling at the bath tempera ture of 118—135°C/0-004 
Tor r and 2-37 g (80-5%) of a liquid boiling at the bath tempera ture of 1 3 2 - 137°C/0-004 Torr , 
differing by the ratio of isomers, as indicated by gas-l iquid chromatography . For C 1 8 H 3 0 O 3 

(294-4) calculated: 73-43% C, 10-27% H; found: 73-14% C, 10-07% H. IR spectrum ( c m - 1 ) : 
1 710, 1 648, 1242, 1 150, 1 112, and 1070. 

Nitrile of 3J-dimethyl-9-(2-oxolanyl)-2,6-nonadienoic acid (XV) prepared f r o m the ketone IX 
(2-14 g; 10 mmol) and diethyl cyanomethylphosphonate (2-90 g; 13 mmol) was chromatographed 
on a column of silica gel (140 g) in 88 : 12 light petroleum-ethyl acetate. The appropr ia te fractions 
(as determined by thin-layer chromatography on silica gel in 8 : 2 light pet ro leum-ethyl acetate) 
were pooled and distilled to yield 2-08 g (89%) of the nitrile XV boiling at the bath tempera ture 
of 120°C/0-008 Tor r to 130°C/0-004 Torr . Fo r C15H23NO (233-9) calculated: 77-20% C, 9-94% H, 
6-00% N; found: 77-50% C, 9-97% H, 5-77% N. IR spectrum ( c m " 1 ) : 2220, 1 663, 1 630, and 1 070. 
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N-Ethylamide of 3,7-dimethyl-9-(2-oxolanyl)-2,6-nonadienoic acid (XII), prepared from the 
ketone IX (2-14 g; 10 mmol) and diethyl ethylaminocarbonylmethanephosphonate (13 mmol) 
was chromatographed on a column of silica gel (140 g) in 85 : 15 light petroleum-acetone. The 
appropriate fractions (as determined by thin-layer chromatography on silica gel in 8 : 2 light 
petroleum-acetone) were pooled and evaporated to afford residues differing in the ratio of iso-
mers only (as determined by gas-liquid chromatography): 2-32 g (83-0%) and 0-31 g (11-1%). 
For C I 7 H 7 9 N 0 2 (279-4) calculated: 73-07% C, 10-46% H, 5-01% N; found: 73-08% C, 10-55% H, 
5-16% N. 1R spectrum ( c m - 1 ) : 3450, 1 667, 1 640, 1630, 1545, 1533, 1 512, 1 503, and 1070. 

Isopropyl 3J-dimethyl-9-(2-oxolanyl)-2-nonenoate (XIIc), prepared from the ketone X (2-17 g; 
10 mmol) and diisopropyl isopropoxycarbonylmethanephosphonate (3-46 g; 13 mmol) was chro-
matographed on a column of silica gel (165 g) in 88 : 12 light petroleum-ether. The appropriate 
fractions (as determined by thin-layer chromatography on silica gel in 7 : 3 light petroleum-ether) 
were pooled and evaporated to yield 1 -41 g (47-6%) of the ester XIIc boiling at the bath tempera-
ture of 130°C/0-006 Torr to 140°C/0-005 Torr. For C 1 8 H 3 2 0 3 (296-4) calculated: 72-93% C, 
10-88% H; found: 73-22% C, 10-99% H. IR spectrum ( c m - 1 ) : 1711, 1649, 1224, 1 152, and 1 112. 

N-Ethylamide of 3,7-dimethyl-9-(2-oxolanyl)-2-nonenoic acid (Xlld), prepared from the ketone 
X (2-17 g; 10 mmol and diethyl ethylaminocarbonylmethanephosphonate (2-90 g; 13 mmol) 
was chromatographed on a column of silica gel (180 g) in 9 : 1 light petroleum-acetone. The 
appropriate fractions (as determined by thin-layer chromatography on silica gel in 8 : 2 light 
petroleum-acetone) were pooled and distilled to yield 1-70 g (60-4%) of the amide Xlld boiling 
at the bath temperature of 175-185°C/0-004 Torr. For C 1 4 H 3 1 N 0 2 (281-4) calculated: 72-55% C, 
11-10% H, 4-98% N; found: 72-38% C, 11-02% H, 5-16% N. IR spectrum ( c m - 1 ) : 3458, 3330, 
1 666, 1 640, 1533, and 1070. 

N^-Die thy lamide of 3,l-dimethyl-9-(2-oxolanyl)-2-nonenoic acid (Xlle), prepared from the 
ketone X (2-17 g; 10 mmol) and diethyl diethylaminocarbonylmethanephosphonate (3-27 g; 
13 mmol) was chromatographed on a column of silica gel (170 g) in light petroleum-acetone 
92 : 8. The appropriate fractions (as determined by thin-layer chromatography on silica gel 
in 8 : 2 light petroleum-acetone) were pooled and distilled to afford 2-03 g (65-6%) of the amide 
Xlle boiling at the bath temperature of 175°C/0-004 Torr to 185°C/0-003 Torr. For C 1 9 H 3 5 N 0 2 

(309-5) calculated: 73-73% C, 11-40% H, 4-53% N; found: 73-79% C, 10-98% H, 4-90% N. Mass 
spectrum: M 309 with the corresponding fragmentation. IR spectrum ( c m - 1 ) : 1640, 1630, 
1098, 1080. and 1070. 

Isopropyl 3,l-dimethyl-9-(2-oxolanyl)-2A-nonadienoate (XHIa), prepared from the aldehyde 
XIV (\-10g\ 10 mmol) and diisopropyl 2-methyl-3-isopropoxycarbonyl-2-propenephosphonate 
(3-37 g, 11 mmol) was chromatographed on a column of silica gel (133 g) in 96 : 4 light petroleum-
acetone. The appropriate fractions (as determined by thin-layer chromatography on silica 
gel in 9 : 1 light petroleum-acetone) were pooled and distilled to afford 1-21 g (41-1%) of the ester 
XHIa boiling at the bath temperature of 139—148°C/0-004 Torr, consisting of two isomers, 
probably trans-trans and trans-cis, as determined by gas-liquid chromatography. For C 1 8 H 3 0 O 3 

(294-4) calculated: 73-43% C, 10-27% H; found: 73-44% C, 10-21% H. IR spectrum ( c m - 1 ) : 
1708, 1 635, 1 611, 1 161, 1 114. UV spectrum: Amax 264 nm, log e 4-27 (ethanol). 

Methyl 2>,l-dimethyl-9-{2-oxolanyl)-2,4-nonadienoate (XHIb), prepared from the aldehyde XIV 
(1-70 g; 10 mmol) and dimethyl 2-methyl-3-methoxycarbonyl-2-propenephosphonate (2-78 g; 
12-5 mmol) was chromatographed on a column of silica gel (140 g) in 98 : 2 light petroleum-ace-
tone. The appropriate fractions (as determined by thin-layer chromatography on silica gel in 9 : 1 
light petroleum-acetone) were pooled and distilled to afford a liquid boiling at the bath tempera-
tures of 142°C/0-007 Torr to 155°C/0-005 Torr (2-06 g; 77-4%) and 140°C/0 006 Torr to 150°C : 
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: 0-005 Torr (0-35 g; 13-0%). For C 1 6 H 2 6 0 3 (266-4) calculated: 72-14% C, 9-84% H; found: 
72-27% C, 10-00% H. IR spectrum ( c m - 1 ) : 1 720, 1638, 1613, 1436, 1240, 1 159, 1 067, and 1045. 

Elemental analyses were performed in the Analytical Department (Dr J. Horacek, Head) of this 
Institute by Mrs V. Rusova, Mrs A. Frohkova, Mrs E. Sykorova, Mrs L. Pejchova, and Mr V. Ster-
ba. The IR spectra were measured by Mr P. Formanek and Mrs J. Konecna, and interpreted by Dr J. 
Smolikovd. Mass spectra were measured and interpreted by Dr K. Ubik. The technical assistance 
was provided by Mrs V. Kalvodova. 
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