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XLVK* DIENE SYNTHESIS ON THE BASIS OF 2,5-D[METHOXY- 

2,5-DIHYDROFURAN AND 2-METHOXY-7-METHYL-  

1,6-DIOXASPIRO[4.4]-3-NONENE 

A.  A .  P o n o m a r e v ,  I .  A .  M a r k u s h i n a ,  
a n d  G.  E .  M a r i n i c h e v a  UDC 547.663:727+542.942.7:953.1 

Adducts of 2 ,5 -d imethoxy-2 ,5 -d ihydrofuran  with s e v e r a l  dienes were  obtained by the Diels-  
Aider  reac t ion .  The poss ibi l i ty  of the par t ic ipat ion of 2 - m e t h o x y - 7 - m e t h y l - l , 6 - d i o x a s p i r o -  
[4.4]-3-nonene as  a dienophile in the diene synthes is  was demons t r a t ed  for  the f i r s t  t ime.  
The s t r u c t u r e s  of the adducts  were  conf i rmed  by the i r  I1R spec t r a  and cata ly t ic  hydrogenat ion.  

It is well known that  2 ,5-d ihydrofurans  can be used  as one of the components  in the Die l s -Alde r  r e a c -  
tion [1,2]. We have  inves t igated the reac t ion  of 2 ,5 -d imethoxy-2 ,5 -d ihydrofuran  (I) and 2 - m e t h o x y - 7 - m e t h -  
y l - l , 6 - d i o x a s p i r o [ 4 . 4 ] - 3 - n o n e n e  (II) with va r ious  dienes.  The adducts obtained a r e  of in te res t  fo r  the syn-  
thes i s  of the l i t t le  studied compounds of the 4 ,7-d ihydro-  and 4 ,5 ,6 ,7- te t rahydro iso indole  s e r i e s  [3]. 

Compound I was condensed with butadiene,  p iperylene ,  i soprene ,  and 1,2- and 1 , 4 - d i m e t h y l - l , 3 - b u t a -  
diene at  200 deg C. 

A mix tu r e  of the diene and dienophile (2 :1)  was heated for  13-15 h in the p r e s e n c e  of a smal l  amount  
of hydroquinone.  

R" OC1% R" OC.~ 3 

R' + " R' OCH3 

R OCH3 R 

I l l - V I I  

R.R ' ,R"= I I  I I I ;  R = C H 3 ; R ' , R ' = H  I v ;  R , R " = H ;  R '=CH 3 V ;  R , R ' = C H 3 ;  I~"=H v l ;  

R, R"~CH3; R'=H VII 

Adducts VIII and IX were  s i m i l a r l y  obtained by the reac t ion  of II with 1 ,2 -d ime thy l - l , 3 -bu t ad i ene  and 
cyclopentadiene;  adduct VIII, owing to the u n s y m m e t r i c a l  s t r u c t u r e  of the diene and dienophile,  can exis t  as 
one or  two a s s u m e d  f o r m s  (VIIIa and VIIIb). 

OCH3 CH30CH3 , , ,  , ~ I OCH3 

r I I c, 
CH 3 CH 3 CH 3 

VIII a Vll ib IX X 

*See [8] for  Communicat ion XLVI. 
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TABLE I. Adducts f rom the Diene Synthesis  

C o r n  - 

pound 
Diene Bp or Mp, *C MRD 

~ (press., mm) nD:O d, 2~ Found-TCale. 

IH 

IV 

V 

VI 

VII 

VIII 

IX 

X 

Butadiene 

Piperylene 

Isoprene 

1,2-Dimethyl- 1,3-butadiene 

1,4-Dimethyl- 1,3-butadiene 

1,2-Dtmethyl- 1,3-butadiene 

Cyclopentadiene 

Hexachlomcyelopentadiene 

76--80 (3) 

78--86 (2) 

91--100 (3) 

102--112 (7) 

83--90 (3) 

I00--108 (i) 

123--130 (3) 

161--162 

1,4769 

1,4730 

1,4745 

1,4750 

1,4720 

1,4881 

1,5000 

,066 

,063 

,048 

,029 

L,031 

:,032 

.,106 

~8,44 

i3,06 

i3,06 

i7,68 

;7,68 

}9,33 

12,51 

TABLE 2. Hydrogenated  Adducts 

~,~ ~ Bp, ~ 
~. (press., 

. ~ ram) 

xi 7} 75 

X II IvV I 8~2,--5~7 
xi ,  8 Z90 

riD2~ d42~ Foun~alc. 
IR 

spectrum, 
VocH3, 
c m  -1  

J 

Foun 
Empir ica l - -  
formula c 

7 ~  ~ '  % C alc., % i ~.~.~ 

1,4588 1,032 49,31 48,91 

1,4575 1,012 53,93 53,53 

1,4620 0,994 58,58 58,15 

2835 

2830 

2830 

C,oHIsO3 63,82 
63,56 

CnH2oO3 65,84 
55,92 

C,2H2203 67,35 
67,63 

9,83!64491974 80 

, ~  lO,O16 97 lO,O6 75 
lo| I I 
10,36 67,25!10,351 80 
9,83 i 

The reac t ion  of I with hexachlorocyclopentadiene  was accompl i shed  under  mi lde r  conditions (in abso -  
lute toluene a t  130-140 deg). Crys ta l l ine  product  X was isolated.  

Severa l  physica l  cons tants  and the analyt ical  data fo r  the adducts  a r e  p resen ted  in Table 1. The IR 
spec t r a  of I I I -X  (see Table  1) con f i rm  the c h a r a c t e r i s t i c  f ea tu re s  of the i r  s t r u c t u r e s .  The band at  1610- 
1680 cm -1 co r r e sponds  to the va lence  Vibration of the C =C bond, and the low-f requency  value of this band 
r e l a t e s  to X. The methoxyl  group  is c h a r a c t e r i z e d  by the va lence  v ibra t ion  f requency  a t  2820-2840 cm -~. 
F o r  VIII and IX, which have the sp i roace ta l  s t ruc tu re ,  one should note the l a rge  number  of h igh- in tens i ty  
bands f r o m  980-1105 c m - t ;  these  a r e  a s soc ia t ed  with the va lence  v ib ra t ions  of the C - O -  C and C - O -  C -  
O - C  bonds [4,5]. The va lence  v ibra t ion  of the C -  C1 bond in X is mani fes ted  as  an intense band at 695 cm -1 
[6]. 

The p r e s e n c e  in adducts I I I -X  of s e v e r a l  a s y m m e t r i c  carbon a toms  and the poss ibi l i ty  of c i s - t r a n s  
i s o m e r i s m  re l a t ive  to the t e t r ahydro fu ran  r ing p e r m i t  the exis tence  of these  subs tances  in the f o r m  of a 
mix tu re  of i s o m e r s ;  this  is pa r t i cu la r ly  conf i rmed  by th in - l aye r  ch romatography .  

The following products  (see Table  2 for  the physical  constants  and analyt ical  data) were  i so la ted  f r o m  
the ca ta ly t ic  hydrogenat ion of adducts Ill, V, and VI at  r o o m  t e m p e r a t u r e  under  hydrogen p r e s s u r e  in the 
p r e s e n c e  of a Raney nickel  ca ta lys t :  

?c.3 oc.3 
0 H2 0 

R R 

X l - X l l l  

R , R ' = H  XI; R=H,  R '=CH 3 Xl l ;  R , R ' = C H  3 Xll l  
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IR s_!~p~c_trum _, cm -1 

VC=C ~OCH~ 

1660 

1675 

1680 

1675 

1675 

1627 

1630 

1610 

2840 

2840 

2840 

2840 

2835 

2835 

2820 

2840 

Empirical 
formula 

CmHmOs 

CllHlsO3 

CllHlaO3 

CmH2oOa 

CmH2oO~ 

ClsH24Os 

C14H2oO3 

CnHIoOaCI6 

_ _  Found, % 

c H 

65,09 9,15 
6628 8,68 
67,01 9,25 
67,07 9,13 
67,00 8,81 
66,67 8,99 
67,95 9,44 
68A0 9,33 

67,93 9,39 
68,0[ 9,47 
71,70 9,25 
71,78 9,74 

70,93 8,70 
71,00 8,75 

32,78 2,60 
32,73 2,69 

~-- Calc., % 

c H 

65,19 8,75 

66,64 9,15 

66,64 9,15 

67,89 9,49 

67,89 9,5O 

71,39 9.58 

71,16 8,53 

32,79 2,50 

Yield, 
% 

27 

26,5 

20 

48 

38 

23 

26 

20 

The va lence  v ibra t iona l  f requency of the C = C  bond at  1620-1680 cm -1 is absent  in the IR spec t r a  of 
XI- XIII. 

E X P E R I M E N T A L  

Compounds I and lI we re  obtained by the methods desc r ibed  in [5,7]. 

Diene Synthesis  of i so -  (4,7,8,9- T e t r a h y d r o ) b e n z o - l , 3 - d i m e t h o x y - t e t r a h y d r o f u r a n  (III). A mix tu r e  of 
39 g (0.3 mole)  of I, 32.4 g (0.6 mole)  of prev ious ly  condensed butadiene,  and a smal l  amount  of hydroqui-  
none was heated  at  200 deg for  13-15 h in a 150-ml  autoclave.  The contents of the autoc lave  were  then vac-  
uum dis t i l led to give 15 g (27%) of product .  

4 -Methyl -  (IV), 5 -methy l -  (V), 4, 5 -d imethy l -  (VI), and 4 ,7 -d ime thy l - i so - (4 ,7 ,8 ,9 - t e t r ahydro )benzo-  
1 ,3 -d ime thoxy te t r ahydro fu ran  (VII), sp i ro  [4, 5- d imethyl -  i so -  (4, 7,8,9- t e t r ahydro  )benzo- 1- me thoxy te t r ahydro -  
f u r a n - 3 , 3 ' -  (1 ' -me thy l t e t r ahyd ro fu ran ) ]  (VIII), and spiro{bicyclo[2.2.1]-  5-heptene-  1 -me thoxy te t r ahydro fu ran -  
3 ,3~- ( l ' -me thy l t e t r ahydro fu ran )}  (IX) were  s imi l a r ly  obtained. 

1 ,4 ,5 ,6 ,7 ,7 , -Hexach lo rob icyc lo [2 .2 .1 ] -5 -hep tane-2 ,3 - (a ,  ~ ' - d i m e t h o x y ) t e t r a h y d r o f u r a n  (X). Compound 
I [6.5 g (0.05 mole)I ,  8 ml (0.05 mole)  of hexachlorocyclopentadiene ,  and 20 ml  of absolu te  toluene were  
placed in a 50-ml  round-bot tomed f lask  equipped with an a i r  condenser .  The f lask  was heated  on a g lyce -  
r in bath fo r  10 h at  130-140 deg. Af te r  r e m o v a l  of the toluene and unchanged s ta r t ing  m a t e r i a l s  at  reduced  
p r e s s u r e ,  the res idue  in the f lask  began to c rys t a l l i ze .  The adduct c r y s t a l s  were  purif ied by five c r y s t a l -  
l iza t ions  f r o m  ethanol to give 20%of a product  with mp 161-162 deg. 

Hydrogenat ion.  The typical  expe r imen ta l  method was as follows~ A mix tu re  of 0.12 mole  of the ad-  
duct, 100 mI  of anhydrous alcohol,  and 4 g of Raney nickel  was hydrogenated in a ro ta t ing  autoclave  at r o o m  
t e m p e r a t u r e  with an initial  hydrogen p r e s s u r e  of 100 a tm.  After  the calcula ted amount  of hydrogen had been 
absorbed ,  the hydrogenate  was r e m o v e d  f r o m  the autoclave and f reed  of ca ta lys t .  The solvent  was r e m o v e d  
under  reduced  p r e s s u r e ,  and the r e s idue  was vacuum dist i l led.  

I sohexahydrobenzo - l , 3 -d ime thoxy th t r ahydro fu ran  (XD, 5 methy l -  (XID, and 4 ,5 -d imethy l i sohexahydro-  
b e n z o - l , 3 - d i m e t h o x y t e t r a h y d r o f u r a n  (XIII) were  obtained via  this route .  

Chromatography  and IR Spect ra .  The ch romatograph ic  ana lys i s  was c a r r i e d  out in a loose ,  thin l aye r  
of act ivi ty II a luminum oxide. The mobi le  phase  was h e x a n e - e t h y l  ace ta te  (19:1) .  The compounds were  ap-  
plied in ethanol solutions.  The deve loper  was iodine. 

The IR spec t r a  were  r e c o r d e d  with a UR-10 doub le -beam spec t ropho tome te r  f r o m  700-3200 cm-l~  
The liquid subs tances  were  inves t iga ted  in a cap i l l a ry - th in  l aye r  between po t a s s ium b romide  p la tes ,  while 
c r y s t a l s  were  studied in the f o r m  of m i ne ra l  oil pas t e s .  
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