
Condensation of N-Chloroace tamidoace tone  (IX) with 2 , 5 , 6 - T r i a m i n o - 4 - h y d r o x y p y r i m i d i n e  (XI). With 
s t i r r i ng ,  to a mix tu re  of 0.63 g of (IX) and 0.5 g of sulfate  (XI) in 8 ml  of wa te r  was gradual ly  added 2.5 ml of 
Et3N and the mix tu re  was s t i r r e d  for  ano ther  12 h at 20 ~ To the  reac t ion  mix tu re  was added 10% KOH solu-  
t ion until all  of the p rec ip i t a te  had d i s so lved ,  a f t e r  which the solution was heated fo r  10 min at 100 ~ acidified 
with AcOH to pH 6-6.5 ,  and the p rec ip i t a te  was f i l te red ,  washed in success ion  with wa te r ,  acetone,  and e the r ,  
and dr ied at  100 ~ in vacuo.  We obtained 0.31 g (84%) of 7 -me thy lp t e r in  (X), decomposi t ion  point > 360 ~ Rf 
0.47 ( i - P r O H - H 2 0 - N H 4 O H ,  7:2:3, f luorescen t  spot in UV light). In its Rf, UV, IR, and PMR s p e c t r a  the ob- 
tained 7 -me thy lp t e r in  coincided with an authentic spec imen  [6]. 

Ace tamidoace tone  (Ia) i t se l f  does not r eac t  with sulfate  (XI) under  the above indicated conditions.  

C O N C L U S I O N S  

1. The bromina t ion  of ace tamidoace tone  and 1 -benzamido-2-bu tanone  in CHC13 o r  AcOH re spec t ive ly  
gives 1 - b r o m o - 3 - a c e t a m i d o a c e t o n e  and 1 - b e n z a m i d o - 3 - b r o m o - 2 - b u t a n o n e .  

2. The reac t ion  of 1 - b r o m o - 3 - a c e t a m i d o a c e t o n e  and 1 - b e n z a m i d o - 3 - b r o m o - 2 - b u t a n o n e  with thioacet ic  
acid sa l t s  r e s p e c t i v e l y  gives 1 - a c e t a m i d o - 3 - a c e t y l m e r c a p t o a c e t o n e  and 1 - b e n z a m i d o - 3 - a c e t y l m e r c a p t o - 2 -  
butanone, while reaction with piperidine gives l-acetamido-l-piperidinoacetone and l-benzamido-l-piperidino- 
2 -butanone. 

ide. 
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6. 

3. N-Chloroace tamidoace tone  was obtained by  the chlor inat ion of ace tamidoace tone  with sulfuryl  ch lo r -  
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E L E C T R O P H I L I C  C Y C L I Z A T I O N  O F  2 - G E R A N Y L T H I O P H E N E  

A N D  I T S  5 - C A R B O X Y  D E R I V A T I V E *  

A.  V .  S e m e n o v s k i i $  a n d  N. M.  E m e l ' y a n o v  UDC66.095.252:547.733 

The e lec t rophi l ic  cycl iza t ion  of 1 , 5 - p o l y e n e s ,  containing e i the r  an olefinic or  ace ty lenic  f r agment  ( t e r -  
minator)  in the homoal ly l ic  posi t ion to the t e r m i n a l  mult iple  bond, is accompanied  by the fo rmat ion  of a f ive -  
m e m b e r e d  r ing,  which is used to build hydrindan and perhydrocyclopentanophenanthrene  skeletons [2-4]. Re -  
cent ly ,  it was shown that the thiophene r ing can be used in an analogous cycl izat ion,  which leads to the f o r m a -  
tion of cyclohexano[b]thiophene de r iva t ives  [5, 6]. In o r d e r  to have acces s  to compounds of the hydrindan 
s e r i e s  and,  in the final ana lys i s ,  to perhydrocyc lopentanophenanthrenes  we studied the e lec t rophi l ic  cycl izat ion 
of the p rev ious ly  unknown 2-geranyl th iophene  (Ia) and the cor responding  5-carboxyl lc  acid (Ib), containing the 
thienyl group as  the t e r m i n a t o r  in the al lyl ic  posi t ion to the t e rmina l  double bond, which were  obtained in r e -  
spec t i vey fe ld s  of 90 and 80% by  the following scheme:  

(Ia) (Ib) 
*See [1] for  p r e l i m i n a r y  communica t ion .  
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TABLE I .  Conditions and Resul ts  of Cyclizing Geranyl thiophenes  
(I) 

Sub- 
strate 

(Ia) , 
(Ia) 
(Ia) 
(Ib) 
(lib) 
fib) 

Cyclization conditions 

agent/substrate IT" ~ time, agent/solvent (moles) min 

HzSOdEtN02 5,0 
SnCldMeN02 1,0 
CFsCO2H/CH~Clz 2,5 
H28OdEtN02 5,0 
H2SOdEtNOz 5,0 
SnCldCH2C12 3,0 

Products, 1 
ratio 

-4o 3o I (Iv) 1 16 30 (IV) 
(IIa) + (Ilia), 4 : i 

(IIib 

20 72 h I(IVb) + (Vbj, 2 : i i  

Yie ld, 
~0 

80 
66 
64 
60 
62 
59 

TABLE 2. Chemical  Shifts of  Signals of Methyl 
Groups of Hydrindanothiophenes (IVa), (IVb), and 
(V), ppm 

I 
Compound a-Ctta e-ctt~ ] CH3 

at C 8 at C8 ] at C 4 

(IVa) 
(IVn) 
(V) 

0,93 
0,92 
0,96 

1,09 1 1,39 i,08 i,40 
L02 i,28 

To cycl ize  (I) we used anhydrous H2SO4, SnCI4, and CF3COOH under  the conditions given in Table  1. 

(I) (II) (IIl) {IV,) (N) 

R = H (a} ,  C O O H  ( b ) .  

The obtained resu l t s  t es t i fy  to the impor tan t  effect  exer ted  by the nature  of the e lec t rophi l ic  agent on 
the cycl iza t ion p r o c e s s .  Thus ,  fo r  (Ia) the bes t  resu l t  was obtained with H2SO 4, whereas  CF3COOH leads only 
to th ienyl -subs t i tu ted  monocycl ic  products  (IIa) and (IIIa). The inser t ion  of the e lec t ronegat ive  carboxy  group 
into the thiophene r ing changes the o r d e r  in the ef f ic iency of the cycl iz ing agents ,  and t r i cyc l i c  compounds (IVb) 
and (Vb) can be obtained when using SnC14. The use  of H2SO 4 (0~ 5 rain) gives only a mix ture  of the t r a n s f o r -  
mat ion products  of the geranyl  port ion of the molecule ,  name ly  (IIb) and (IIIb), while increas ing  the reac t ion  
t ime  up to 30 min leads to the pure  f l - i s o m e r  (IIIb) without fo rming  the t r i cyc l i c  compounds.  T r e a t m e n t  of the 
mix ture  of n e r y l -  and geranyl thiophenes  {7:3) with H2SO 4 gave only (IVa), which tes t i f ies  to the insensi t iv i ty  of 
the reac t ion  to the g e o m e t r y  of the double bond next to the t e r m i n a t o r .  An in teres t ing  fact  of some  change in 
the s t e r e o c h e m i s t r y  of the t r i cyc l i c  products  as a function of the nature  of the subst i tuent  in the thienyl r ing 
was es tabl i shed on the example  of cycl iz ing acid (Ib). H e r e ,  toge ther  with the des i red  (IVb), was obtained 
t r a n s - i s o m e r  (V). The las t  two resu l t s  enabled us to ana lyze  the l a t e r  d i scussed  theory  regard ing  the reac t ion  
m e c h a n i s m  observed  by us.  

The s t r u c t u r e  of the obtained compounds and the composi t ion  of the mixed cycl iza t ion products  were  de -  
t e rmined  employing PMR and GLC. The s t r u c t u r e  of cyc logeranyl  der ivat ivg~ (IIa)-(IIib) unequivocally follows 
f r o m  the PMR spec t r a l  data ,  which have the s ignals  of  the f r agments  M e 2 C / w  and MeC = C. In addition, p a r -  

\ C  
t ial  cycl iza t ion is conf i rmed by  the fact  that  a pa r t  of the s p e c t r u m ,  re la t ing  to the a roma t i c  protons ,  r ema ins  
unchanged when compared  with the s a m e  por t ion in the s p e c t r a  of the s t a r t ing  compounds.  

The PMR s p e c t r a  of the t r i cyc l i c  products  (IVa), (IVb), and (V) tes t i fy  to the fact  that  t he i r  molecules  
contain,  bes ides  a geminal  d imethyl  group,  a l so  an angular  methyl  group,  in which connection the chemica l  
shift  value of the l a t t e r  {Table 2) enables making a re l iab le  dec is ion  as to the manner  in which r ings A and B 
a r e  coupled in these  compounds.  

Thus,  the s inglet  s ignal  of C 4-CH3 in t h e s p e c t r a  of (IVa) and (IVb) is located downfield when compared  
with the cor responding  signal  in the s p e c t r u m  of (V), while the d i f fe rence  in the chemical  shift  values of the 
protons of the gem-d ime thy l  group for  this  pa i r  of products  is g r e a t e r  than the cor responding  d i f ference  fo r  
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compound (V). Consequent ly ,  in h a r m o n y  with the data given in [7, 8], hydrindanothiophenes (IVa) and (IVb) 
were  ass igned  a c i s - ,  while (V) was ass igned a t r ans -coup l ing  of r ings  A and B. 

The s t e r e o c h e m i s t r y  of the coupling of the r ings  in compounds (IVa) and (IVb) was proved independently 
by conver t ing  them to the known [9l c i s -b icyc lo lac tone  of geranylace t ic  acid (VIII). 

(iv a) ~ (IVb) ~s-----v- AcO~------7 

(VI) (VII) (VIII) 

F o r  this purpose  hydrindanothiophene (IVa) was conver ted  to acid (IVb), the reduct ive  desu l fur iza t ion  of 
which with Li in NH 3 at 25 ~ [10] gave in s a t i s f a c t o r y  yield a mix tu re  of acids (VI), which, based on the PMR 
spec t r a l  da ta ,  contained 80% of the i s o m e r  with an exocycl ic  double bond. A quanti tat ive e s t ima te  of the c o m -  
posi t ion of the mixed (VI) acids was made on the bas i s  of compar ing  the in tegra l  intensi t ies  of the doublet  s i g -  
nal of the a - m e t h y l e n e  protons fo r  the i s o m e r  with an exocycl ic  C = C  bond (5 2.87 ppm,  J = 7.5 Hz) and the 
s inglet  s ignal  of the CH30 group (6 3.59 ppm) of the cor responding  methyl  e s t e r s ,  which w e r e  obtained f r o m  
the (VD acids by t r e a t m e n t  with CH2N 2. The i r  ozonolysis  led to the p rev ious ly  unknown hydrindanone (VII), 
which by t r e a t m e n t  with CH3CO3H at 50 ~ was conver ted  in 70% yield to 5-1actone (VIII). 

The obse rved  cour se  of the cycl iza t ion  of the (I) compounds can  be in te rp re ted  in the following manner .  
Apparent ly ,  the p r i m a r y  p roce s s  is the fo rmat ion  of a - c y c l o g e r a n y l  de r iva t ives  (IIa) and (IIb), which c o r r e s -  
ponds to the f o r m e r  data  on the e lec t rophi l ic  cycl iza t ion  of analogous compounds on the type of pseudoionone,  
geraniol  and its e t h e r s ,  and geranoic  acid [11-14]. P rev ious ly  it was shown that  the c losu re  of r ing B fo r  the 
a - c y c l o g e r a n y l  de r iva t ives  leads main ly  to the c i s - A / B  products ,  whereas  the B - i s o m e r s  give products  with 
a t r ans -coup l ing  of the A/B r ings [15, 16]. On the bas i s  of these  ru les  it may  be a s sumed  that  the fo rmat ion  
of the t r i cyc l i c  de r iva t ive  (IVa), with a c i s -eoupl ing  of the r ings ,  p roceeds  via cycl iza t ion  of the a - i s o m e r  
(IIa). When the e l e c t r o n - a c c e p t o r  carboxyl  grouping is p r e sen t  in the (Ib) molecu le ,  the e lec t rophi l ic  cy c l i z a -  
t ion involving the thiophene nucleus is sha rp ly  hindered.  As a resu l t ,  a substant ia l  por t ion of the a - c y c l o -  
geranyl  product  (Iib) succeeds  in i somer i z ing  to the B - i s o m e r  (Ilib), the subsequent  cycl iza t ion  of which gives 
t r a n s - i s o m e r  (V). 

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

The IR s p e c t r a  were  obtained on a UR-20 ins t rument  as CC14 solut ions.  The UV s p e c t r a  of the alcohol 
solutions were  obtained on a Specord UV-VIS spec t ropho tome te r ,  the PMR spec t r a  we re  obtained on a Tes l a  
BS-497 s p e c t r o m e t e r  (100 MHz) in CC14 solution and using TMS as the in ternal  s tandard ,  the m~'tss s p e c t r a  
we re  measu red  on a Var ian  CH-6 ins t rument ,  and the GLC was run on an LKhM-Ta ins t rument  equipped with 
a k a t h a r o m e t e r  and a 200 x 0.3 c m  s tee l  column packed with 5% SE-30 deposi ted on Chezasorb  AW-HMDS, 
and using he l ium as the c a r r i e r  gas .  

2-Geranyl th iophene  (Ia), With s t i r r i n g ,  in an a rgon  a t m o s p h e r e ,  to a solution of 4.2 g (50 mmoles )  of 
thiophene in 20 ml of THF at - 2 0  ~ were  added 3.2 g (50 mmoles )  of BuLi (1.5 N solution in hexane) and, a f t e r  
2 h,  11 g (50 mmoles )  of geranyl  b romide  [17]. The mix tu re  was s t i r r ed  fo r  1 h at  - 2 0  ~ let  stand overnight  
at 25 ~ t r ea t ed  with wa t e r ,  and ex t rac ted  with e ther .  The ex t rac t  was washed with wa t e r ,  dried[ ove r  Na2SO4, 
and evapora ted  in vacuo.  The res idue  (10.7 g) was ch romatographed  on 20 g of SiC 2. Elution with hexane gave 
10 g (89%) of oi ly (Ia) with bp 106-107 ~ (1 mm) ,  n~  1.5232, which based  on the GLC (175~ is pure .  U l t r av io -  
le t  s p e c t r u m  ~,max, rim): 234 (~ 8800), 284 (~ 745). PM R s p e c t r u m  (6, ppm): 1.56 s (3H, CH3), 1.65-1.66 d (6H, 2CH~), 
1.97-2.30 m (4H, CH2) , 3.45 d (2H, CH2, J = 7 Hz),  5.03 s (1H, CH), 5.37 t (1H, CH, J = 7 Hz),  6~ m (3H, 
C4H3S). Mass s p e c t r u m  (m/e):  M + 220 (32), 151 (84), 135 (34), 123 {75), 97 (100), 69 (64), 67 (43), 55 (57), 
41 (66). Found: C 76.32; H 9.28; S 14.37%. C14H20S. Calculated:  C 76.27; H 9.15; S 14.54%. 

2 -Gerany l th iophene -5 -ca rboxy l i c  Acid (]b). With s t i r r i n g ,  in an a rgon  a t m o s p h e r e ,  to a solution of 2.2 
g (10 mmoles )  of (Ia) in 20 ml of e the r  at  5 ~ was added 0.65 g (10 mmoles)  of BuLl (1N solution in hexane) and 
a f t e r  1 h the mix ture  was poured on f inely c rushed  d r y  ice.  Af te r  r e m o v a l  of the CO2, the obtained sal t  was 
ex t rac ted  with wa te r ,  acidified with 5% HC1 solut ion,  and ex t rac ted  with e ther .  The e the r  solut ion was worked 
up in the usual ma nne r  to give 2.1 g (79%) of oi ly (Ib) with Rf 0.57 (Silufol, 1:1 h e x a n e - e t h e r ) .  In f ra red  s p e c -  
t rum:  1715 c m  -1. Ul t ravio le t  s p e c t r u m  (~max, nm): 257 (e 7800), 280 (e 10,200). Mass s p e c t r u m  (m/e):  M + 
264 (10), 141 (13), 123 (32), 97 (12), 69 (100), 41 (74). Found: C 68.31; H 7.67; S 11.93%. C15H2~O2S. Ca lcu la -  
ted: C 68.24; H 7.58; S 12.12%. 
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Treatment  of an e ther  solution of acid (ib) with CH2N 2 gave in quantitative yield the methyl e s t e r ,  which, 
based on the GLC (215~ is pure.  PMR spec t rum (5, ppm): 1.56 s (3H, CH3), 1.69 s (6H, 2CH3) , 2.06 s (4H, 
2CH2) , 3.48 d (2H, CH2, J = 7 Hz), 3.76 s (3H, CH3), 5.03 s (1H, CH), 5.53 t (1H, CH, J = 7 Hz), 6.69 d (1H, 
C4H2S , J = 4 Hz), 7.50 d (1H, C4H2S, J = 4 Hz). 

4 , 8 , 8 - T r i m e t h y l - 4 , 4 a ,  5 , 6 ,7 ,  7a-hexahydro-8H-cis- indeno[b]thiophene (IVa). With s t i r r ing ,  in an argon 
a tmosphere ,  to a solution of 9.8 g (0.1 mole) of 100% H2SO 4 in 50 ml of nitroethane at - 4 0  ~ was added 4.4 g (20 
mmoles) of (Ia) and af ter  10 rain the mixture was poured into an ice solution of Na2CO 3 and extracted with ether.  
The extract  was washed with water ,  dried over  Na2SO 4, evaporated in vacuo, and the res idue (4.3 g) was f i l -  
tered through a bed of 10 g of SiO2. Elution with hexane gave 3.5 g (80%) of oily (IVa) with bp 105-106 ~ (1 mm), 
n~ 1.5427, which based on the GLC (175~ is p u r e .  Ultraviolet  spec t rum (kmax, nm): 228 (e4120), 247 (e 3080). 
PMR spec t rum (5, ppm): 0.93 s (3H, CH3) , 1.09 s (3H, CH3), 2.16 t (1H, C14, J = 8 Hz), 2.39 d (2H, CH 2 J = 
8 Hz), 6.55 d (1H, CaH2S , J = 4 Hz), 6.89 d (1H, C4H2S, J = 4 Hz). Mass spec t rum (m/e): M + 220 (57), 205 
(100), 177 (35), 149 (51), 135 (63), 97 (64), 91 (48), 69 (67), 56 (45)~ 41 (60), 39 (51). Found: C 76.44; H 9.20; 
S 14.41%. C14H20S. Calculated: C 76.27; H 9.15; S 14.54%. 

With s t i r r ing ,  in an argon a tmosphere ,  to a solution of 0.59 g (2.3 mmoles) of SnC14 in 10 ml of MeNO 2 
at 16 ~ was added a solution of 0.54 g (2.4 mmoles) of (Ia) in 3 ml of MeNO 2 and af ter  30 min the mixture was 
t reated with 5% NaHCO~ solution and extracted with ether.  The extract  was washed with water ,  dried over  
Na2SO4, evaporated in vacuo, and the residue (0.48 g) was fil tered through a bed of 5 g of SiO2. Elution with 
hexane gave 0.36 g (66%) of (IVa), which; based on the GLC (175~ is pure.  

Mixture of 2 ,6 ,6 ,  -Tr imethy l -4  -(2-methylenothienyl) -2 -cyclohexene (IIa) and 2 ,6 ,6  -Tr imethyl -4  - !2-  
methylenothienyl)- l -cyelohexene(IIIa) .  With s t i r r ing ,  in an argon a tmosphere ,  to a solution of 0.76 g (6.7 
mmoles) of CFaCOOH in 3 ml of CH2C12 was added a solution of 0.59 g (2.7 mmoles) of (Ia). The mixture  was 
"refluxed for  1.5 h, af ter  which it was poured into water  and extracted with ether.  The extract  was worked up 
in the usual manner  to give 0.58 g of product ,  which was chromatographed on 10 g of SiO 2. Elution wit~ hexane 
gave 0.38 g (64%)of an oily substance with Rf 0.72 (sio2, hexane), which, based on the GLC (172 ~ and PMR 
spectral  data,  ~ is a mixture of (IIa) and (Ilia) in a 4:1 ratio.  PMR spec t rum of the mixture (6, ppm): 0.86, 0.87, 
0.90, 0.91 s (CH3), 1.52, 1.53, 1.55 s (CH3), 1.87 m (CH2), 2.83 t (CH2), 3.44 s (CH2), 5.1 s (CH), 6.80 m (C4- 
H3S). 

2 ,6 ,6 -Tr ime thy l -4 - (5 -ca rboxy th ieny l -2 -methy leno) -4 -cyc l0hexene  (IIIb), With s t i r r ing ,  in an argon a t -  
mosphere ,  to a solution of 0.74 g (7.5 mmoles) of 100% H2SO 4 in 15 ml of ni tropropane at - 3 0  ~ was added 0.40 g 
(1.5 mmoles) of (Ib) and af ter  30 min the mixture was poured into 5% NaHCOs solution, acidified with 5% HC1 
solution, and extracted with ether.  The extract  was washed with water ,  dried over  Na2SO 4, and evaporated in 
vacuo to give 0.38 g of oily product ,  the recrys ta l l iza t ion  of which f rom hexane gave 0.24 g (60%) of (IIIb) as 

color less  needles with mp 140-141 ~ 

T r e a ~ o f  an ether  solution of (IIlb) with CH2N 2 gave in quantitative yield the methyl e s t e r  with Rf 0.5 
(SiOz, 2:1 hexane~ether ) .  Infrared spect rum:  1720 cm -1 . Ultraviolet  spec t rum (Xma x, nm): 255 (e 6800), 
280 (e 10,900). P~IR spec t rum (5, ppm): 0.99 s (6H, 2CH3), 1.64 s (3H, CH3), 2.03 d (2H, CH2) , 3.56 d (2H, 
CH2), 3.80 s (3H, CHs), 6.67 d (1H, C4H2S, J = 4 Hz), 7.49 d (1H, C4H2S, J = 4 Hz). Mass spec t rum of acid 
(m/e): M + 264 (54), 249 (95), 141 (100), 123 (90). Found: C 68.18; H 7.75; S 11.85%. C15H2002S. Calculated: 

C 68.24; H 7.58; S 12.12%. 

Mixture of 2 , 6 , 6 - T r i m e t h y l - 1  - (5-carboxythienyl-2-methyleno)  -2 -cyclohexene (IIb) and 2 , 6 , 6 - T r i m e t h y l -  
2- (5-earboxyth ienyl -2-methyleno)-4-cyclohexene  (lIIb)~ With s t i r r ing ,  in an argon a tmosphere ,  to a solution 
of 0.53 g (5.4 mmoles) of 100% H2SO 4 in 10 ml of ni t ropropane at - 3 0  ~ was added 0.29 g (1.1 mmoles) Of (Ib) and 
af ter  5 min the mixture was worked up as in the preceding experiment .  We obtained 0.18 g (62%) of substance,  
which crysta l l ized f rom pet roleum ether  as color less  plates With mp 104-406 ~ Based on the PMR spect ra l  
data,  the product is-a mixture of (Ilb) and (II~) in a 7:3 ratio.  

4 , 8 , 8 - T r i m e t h y l - 4 , 4 a ,  5 ,6 ,7 ,7a-hexahydro-8H-c is - indeno[b] th iophene-2-carboxyl ic  Acid (IVb), Wi th  
s t i r r ing ,  i~ an argon a tmosphere ,  to a solution of 3.59 g (13.6 mmoles) of (VII) in 20 ml of e ther  at 10 ~ was 
added 12 ml of 1.4 N BuLl solution (26.2 mmoles) in hexane and af ter  1 h the mixture was poured on finely 
crushed d r y  ice. After evaporat ion of the CO2, the obtained sal t  was extracted with water ,  acidified with 5% 
HC1 solution, and extracted with ether.  The e ther  solution was worked up in the usual manner  to give 2.71 g 
(63%) of (IVb) as color less  c rys ta l s  with mp 200-202 ~ (aqueous methanol). 

Treatment  of an e ther  solution of (IVb) with CH2N 2 gave in quantitative yield the methyl e s t e r  with Rf 0.5 
(SIO2, 2:1 hexane -e the r ) .  Infrared spect rum:  1715 cm -1. Ultraviolet  spec t rum (Xma x, nm): 250 (e 8200), 
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294 (e 10,600). PMR spectrum (5, ppm): 0.92 s (3H, CH3) , 1.08 s (3H, CH3), 1.38 s (3H, CH3), 1.40-1.70 m 

(6H, 3CH2), 2.15 t (IH, CH, J = 9 Hz), 2.74 d (2H, CH2, J = 9 Hz), 3.76 s (3H, CH3) , 7.33 s (IH, CtHS). Mass 
spectrum of acid (m/e): M + 264 (20), 249 (i00), 221 (8), 135 (31), 69 (18), 41 (15). Found: C 68.04; H 7.45; 

S 12.30%. CisHz0OzS. Calculated: C 68.24; H 7.58; S 12.12%. 

Mixture of 4, 8,8- Trimethyl-4,4a, 5,6,7,7a-hexahydro-8H-cis -indeno[b]thiophene-2-carboxylic Acid 
(IVb) and 4 , 8 , 8 - T r i m e t h y l - 4 , 4 a ,  5 , 6 , 7 , 7a -hexa hyd ro -8H- t r ans - i ndeno [b ] th iophene -2 -ca rboxy l i c  Acid (V). With 
stirring, in an argon atmosphere, to a solution of 2.36 g (9.1 mmoles) of SnCl 4 in 30 ml of CHzCI 2 at 16 ~ was 
added a solution of 0.8 g (3.0 mmoles) of (ib) in 5 ml of CH2CI 2 and after 72 h the mixture was treated with 5% 
NaHCO 3 solution and ice, acidified with 5% HCI solution, and extracted with ether. From the extract we ob- 
tained0.71 g(89%) of a mixture, which, based on the GLC (210 ~ data for the methyl esters, consisted of (IIIb) 
and a tricyclic product in a 1:2 ratio. Recrystallization of the mixture from hexane gave 0.52 g of product as 
colorless prisms with mp 201-203 ~ which, based on the PMR spectral data, is a mixture of (IVb) and (V) in 
a 2:1 ratio. Treatment of the indicated mixture of acids with ethereal CHzN 2 solution gave their methyl esters. 
PMR spectrum (5, ppm): 0.92, 0.96, 1.02, 1.08 s (CH3), 1.28, 1.38 s (CH3), 2.15 t (CH, J = 9 Hz), 2.74 d (CH2, 
J = 9 Hz), 3.73 s*~CH3), 7.33, 7.38 (C4HS). 

4,4,8-Trimethyl-cis-l-hydrindanone (VII), A mixture of 1.49 g (5.6 mmoles) of (IVb), 0.27 g (38.9 rag- 
atoms) of Li shavings, and 50 ral of NH 3 was kept in a sealed glass ampul for i0 h at 25 ~ decomposed with 
NH4CI, the NH 3 was evaporated, and the residue was treated in succession with water and ether. The aqueous 
layer was acidified with 5% HCI solution and extracted with ether. The ether extract was washed[ with water, 
dried over MgSO4, evaporated in vacuo, and the resldl~e (1.28 g) was chromatographed on 20 g of SiO z. Gra- 
dient elution with a hexane-ether mixture, containing up to 15% ether, gave 0.71 g (53%) of a mixture of olefins 

(VI). A solution of 0.55 g (2.3 mmoles) of the indicated mixture in 15 ml of ethyl acetate was subjected at -40 ~ 
to exhaustive oxidation with an O3-O2(mixture containing up to 4% O3), after which it was washed with water, 
evaporated in vacuo, and the residue (0.39 g) was chromatographed on i0 g of SiO 2. Gradient elution with a 
hexane-ether mixture, containing up to 10% ether, gave 0.18 g (53%) of pure (based on GLC at 140 ~ ketone 
(VII) as a colorless oil, Rf 0.5 (Silufol, 2:1 hexane-ether). Infrared spectrum: 1740 cm -I. PMR spectrum 
(5,ppm): 0.86 (3H, CH3), 1.05 (3H, CH3), 1.1! 3H, CH3) , 1.20-2.50 m (IIH, 5CHz, CH). Mass spectrum (m/e~. 
M + 180 (27), 165 (ii), 136 (29), 109 (I00), 97 (58), 69 (45), 68 (45), 55 (49), 41 (87). Found: C 79.90; H 11.06%. 
CI2H20O. Calculated: C 80.00; H 11.11%. The 2,4-dinitrophenylhydrazone was obtained as light orange crys- 
tals with mp 144-145 ~ (from alcohol). Ultraviolet spectrum (kmax, nm): 234 (e 18,000), 270 (a 10,800), 365 

(e 23,000). Found: C 60.09; H 6.27; N 15.44%. CIsH24N404. Calculated: C 60.00; H 6.67; N 15.55%. 

5,5,9-Trimethyl-cis-hexahydro-2-chromanone (VIII). A solution of 20 mg (0.ii mmole) of (VII) and 54 
mg (0.5 mmole) of 70% AcO2H in 1 ml of CHzCI 2 was kept in a sealed ampul for 35 h at 50 ~ diluted with ether, 
washed in succession with 5% NaHCO 3 solution and water, dried over Na2SO4, and the solvent was removed in 
vacuo to give 15 mg (69%) of lactone (VIII), which, based on the GLC (175 ~ data and spectral characteristics 
(IR, PMR), was identical with an authentic [9] specimen. 

C ONC LU SIGNS 

An allylic thienyl group can serve as a terminator of electrophilic cyelization, which in this case pro-  
ceeds by a stepwise scheme. 

1. 
2. 

3. 

4. 
5. 
6.  
7. 

8. 
9. 
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O X I D A T I O N  O F  D I S U B S T I T U T E D  S I L I C O N - C O N T A I N I N G  P H E N O L S  

L .  V .  G o r b u n o v a ,  O.  N. M a m y s h e v a ,  UDC542.943:547.1'128 
A .  S.  D a v y d o v ,  a n d  Y u .  A .  K u r s k i i  

Despi te  the subs tant ia l  num be r  of paper s  devoted to the oxidation of phenols,  the r eac t iv i ty  of d i subs t i -  
tuted phenols with organos i l ieon  subst i tuents  in the a r o m a t i c  r ing and the products  fo rmed  by the i r  oxidation 
have rece ived  l i t t le  study. Only some  informat ion  exis ts  on the reac t iv i ty  of disubst i tuted s i l icon-conta ining 
phenols when reac ted  with o r g a n o m e r c u r y  compounds [1]. 

The oxidation of disubst i tuted s i l icon-conta in ing phenols (I), which a r e  analogs of the 2 , 4 -  and 2 , 6 - d i -  
t e r t -bu ty lphenols ,  by alkal ine po ta s s ium fe r r i eyan ide  was studied in the p re sen t  paper .  The effect  of 02 on 
this p roce s s  was a lso  studied. 

OH 
R I I R 3 \ / ) /  

I 
R ~ 

( I a - - c )  

R'=Si(CH3)3, R~=C(CH3)~, R 3=H (a); RI=R~=Si(CH3)3, R~=H(b); RI=R~=Si(CHs)3, 
1t~=tt (c). 

Phenoxyl r ad ica l s ,  genera ted  by the one -e l ec t ron  oxidation of dialkylphenols with f ree  o-  o r  p -pos i t ions ,  
usual ly  d i m e r i z e  with the fo rmat ion  of C - C  o r  C - O  bonds.  Thus,  f r o m  2 ,4-d ia lkylphenols  a r e  formed d i -  
m e r s  with a C - C  bond between the o-C a toms  of the phenoxyls [2], while f r o m  2 ,6-d ia lkylphenols  a r e  fo rmed  
d i m e r s  with a C - C  bond between the p-C a toms .  Here  coupling at the C - C  bonds leads to substi tuted dipheno-  
quinones,  while coupling at the C - O  bonds leads to polyphenyl e thers  [3-5]. 

When phenol (Ia) is oxidized in an iner t  a t m o s p h e r e ,  the f i r s t  to be formed is dihydroxydiphenyl (IIa), 
which is then conver ted  to two products .  These  products  co r respond  to the dihydroxydiphenyl d i m e r s ,  con-  
tain organos i l ieon  f r agmen t s ,  and the i r  IR s p e c t r a  have a band that  is c h a r a c t e r i s t i c  fo r  the OH group (3550 
cm-1).  As a whole,  t he i r  s t r u c t u r e  could not be a sce r t a ined .  The oxidation of (Ia) in the p re sence  of 02 leads 
to sp i roke ta l s  (IIIa) and (IVa), and a l so  to a sma l l  amount  of the oxidation products  of dihydroxydiphenyl (IIa). 

o 

OH- . . . . . .  (.!Ia) 
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