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Prev ious ly  [1] we had shown that 3-methoxy-Ai ,%5(l~ (I) is 
eas i ly  cyel ized in the p r e s ence  of acid agents  to give 3-methoxy-A1,3,5( l~ (II) in 
high yield,  which is a key product  in the total  synthesis  of D ,L-es t rone .  It was postulated that  such an 
easy  cycl izat ion is due to, f i r s t ,  the close spat ia l  p roximi ty  of the keto group to r ing B, and second, the 
act ivat ion of the hydrogens of the methylene group by the exocycl ic  double bond. 

It was in te res t ing  to a sce r t a in  whether  this cycl izat ion would occur  in a diketone without the ac t iva t -  
ing double bond, but with a re ta ined close spat ia l  p rox imi ty  of the keto group to r ing B or ,  in 6ther  words ,  
will 3-methoxy-A1,3,5( l~ (III) undergo cyclization.  The la t te r  was ob- 
tained by the catalyt ic  hydrogenat ion of (I), in which connection diketone (III) was fo rmed  in a yield of 92% 
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It should be mentioned that in the NMR spec t r a  of (I) and (HI), the same  as in the ease  of the i r  ana-  
logs (IV) and (V), a singiet  appea r s  a% 2.63-2.73 ppm, which co r re sponds  to the four methylene protons  
(Table 1). The same signal,  but shifted upfield (2.42-2.43 ppm),  was obse rved  by us for  the 2-a lky l -  
cye lopen tane- l ,3 -d iones  (V1)-(VIII). These  signals  a r e  cha rac t e r i s t i c  for  the 2-mono-  and disubst i tuted 
der iva t ives  of 1,3-cyclopentanedione (but not for  the 1,3-eyclohexanedione der iva t ives) .  The ment ioned.  
shift is poss ibly  due to the enolization of the monosubst i tu ted cyclopentanediones [2]. 

Secodiketone (HI), in con t ras t  to (I), is no longer  cycl ized under  mi ld  conditions, for  example ,  by 
t r ea tmen t  with HC1 at 20~ Under d ras t i c  conditions, and specif ical ly  by heating with P205 at 120 ~ di-  
ketone (HI) f o r m s  a mix ture  of products ,  f rom which we were  able to isolate  1 -me thy l -7 -me thoxy -2 ,3 -d i -  
hydro- lH-cyc lopen ta [a ]phenan th rene  (IX) in 18% yield, which was identical  (in the mel t ing  point and the 
IR and UV spectra)  with the by-produc t  that was obtained in [3] by the cycl izat ion of (I). Cyclizat ion also 
occurs  when (HI) is heated in e i ther  benzene or  toluene in the p re sence  of p- toluenesulfonic  acid, which is 
accompanied,  the same  as when P205 is used,  by dehydrat ion and dehydrogenation reac t ions .  F r o m  the 
reac t ion  mix tu re  were  isolated the methoxy e ther  (X) and 17 -me thy l -3 -me thoxy-18 -no r -16 ,17 -dehydro -  
equilenane (X1) 
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TABLE i. NMR Spectra of 2-Mono- and 2,2-Dialkyl-Substituted 
1,3-Cyclopentanediones 
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Formula (X) was proposed by us on the basis of the following data. The UV spectrum shows the 
presence of i naphthalene system. The bands of the hydroxyl and carbonyl groups are absent in the IR 

\ / 
spectrum, aad only the band of the /C-O-C x bond is present. The six-proton singlet in the NMR spec- 
trum upfield (0.74 ppm) ~uggests a symmetrical structure for the molecule and an ang~alar position of the 
methyl groups; the signals of vicinal protons are absent. A two-proton multiplet also appears at 3.76 
ppm, which should be assigned to the protons at the ClT-carbon atoms, attached to oxygen. In the mass 
spectrum of (X) are present a small molecular peak with m/e 546, the intense peaks of fragments with 
m/e 265 and 281, which characterize cleavage of the ether linkage with the formation of ions (A) and (B), 
and a peak with m/e 237, which corresponds to ion (C) 
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(A), re~e265 (B), m/e28t (C), re~e237 

The s t~acture  of compound (XI) is supported by the data of the UV spec t rum (presence of a naphtha-  
lene sys tem) and the IR spec t rum (absence of the bands of the hydroxyl  and carbonyl  groups).  The NMR 
spec t rum shows the doublet (1.06 and 1.28 ppm) of a methyl  group at tached to a double bond and a vinyl 
proton (5.52 ppm).  The molecu la r  weight (264), de te rmined  by m a s s  spec t rome t ry ,  co r responds  to fo r -  
mula  (XI). /1: is en t i re ly  poss ib le  that (XI) is a lso  fo rmed  in the reac t ion  with P205, but as the resu l t  of 
dehydrogenation and migra t ion  of the double bonds it is conver ted  to (IX). The ease  with which the double 
bonds in the invest igated s te ro id  s y s t e m s  shift is demons t ra t ed  with especia l  c l a r i ty  when diketone (III) is 
eycl ized under  the influence of p- toluenesulfonic  acid in a refluxing mix ture  of CH3COOI-I and toluene. Here  
we were  able to isola te  the aceta te  of 3 -methoxy-A t ,%50~ (XII) and the aceta te  of 
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3-methoxy-16,17-dehydroisoequi lenol  (XlII). The format ion  of both compounds is poss ib le  only because  of 
the success ive  migra t ion  of the double bonds that a re  fo rmed  during eycl izat ion and enolization. 

Acetate  (XII) was prev ious ly  obtained by a different  method [4], and was identified in the usual  m a n -  
ner  (mixed mel t ing  point; c o m p a r i s o n  of the spectra) .  The s t ruc tu re  of aceta te  (XIII) was conf i rmed by 
the UV spec t rum (naphthalene sys tem) and the IR spec t rum (presence of an acetoxy group), while the 
molecu la r  weight (322) cor responds  to the given formula .  It is poss ib le  to a s sume  that r ings  C and D in 
aceta te  (XIII) have a c is-coupl ing,  all  the m o r e  so since an example  of this type of cycl izat ion exis ts  [5], 
where  instead of the As( 9),14(iS)-diene sys t em the As(9)Js(l~)-C/D-cis sys t em is formed.  

The format ion  of aceta te  (XII) apparent ly  goes via the in te rmedia te  enol aceta te  (XIV). The la t te r  
was specia l ly  synthesized in known manner  [6], and it p roved  that it is cycl ized when heated with p - to luene-  
sulfonic acid in refluxing toluene to give (XII) in 36% yield 
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The reported results show that the spatial factor plays a very important role during intramoleeular 
cyclization and determines the course of reaction even when the Ag01)-double bond, which activates the H 
atoms at C 8, is absent. Naturally, the eyclization proceeds under more drastic conditions, and in view of 
this is accompanied by a multiple migration of the double bonds (and, consequently, aromatization) and at 
times by dehydrogenation. 

EXPERIMENTAL METHOD 

The UV spectra (in alcohol) were taken on a Hitachi-124 instrument, the IR spectra were taken on a 
UR-10 spectrometer (in Nujol), the NMR spectra were taken on a JNM-4HI00 instrument (in CDCI3), and 
the mass spectra were taken on an MX-1303 instrument, which was equipped with direct insertion into the 
source. The melting points were determined on a Kofler block and are uncorrected. 

3-Methoxy-&i'3'~(l~ (HI). A solution of 7.7 g of (1) in 200 ml of 
THF was hydrogenated in the presence of 1 g of 10% Pd/CaCO 3 until the H 2 absorption ceased. The solu- 
tion was filtered, the filtrate was evaporated, and the residue was made to crystallize by the addition of 
ether. We obtained 7.3 g (92o/0) of diketone (Ill), nap 69-71 ~ (from methanol), kma x 280, 288 nm (log e 
3.38; 3.35). Infrared spectrum (v, era-i): 1725 (2-disubstituted 1,3-eyelopentanedione), and 1610 and 
1585 (aromatic). NMR spectrum (6, ppm): 1.19 singlet (CH3), 2.74 (-CH2-CH2-), 3.77 (OCH3). 

Cyclization of Secodiketone (HI) in the Presence of I)20 5. A mixture of 1 g of (HI) and 0.4 g of 1)205 
was heated for 2 h at 110-120 ~ in a vacuum of 20 ram. The mixture was cooled, extracted with CHCI 3, and 
the extract was washed twice with NaHCO 3 solution, then with water, dried, and evaporated in vaeuo. The 
obtained oil partially crystallized on cooling. We isolated 160 mg (19%) of l-methyl-7-methoxy-2,3-di- 
hydro-IH-cyclopenta[a]phenanthrene (IX), mp 134 ~ (from 1 : 4 benzene-petroleum ether) [3]. kma x 263, 
286, 294, 304nm (loge 3.6; 3.04; 2.99; 2.88). NMR spectrum (5, ppm): doublet 1.35 and 1.42 (CH3); 
3.94 (OCH3); tool. wg. 262 (by mass spectrometry). 

Cyelization of Seeodiketone (III) in Toluene in the 1)resence of p-Toluenesulfonie Acid. A mixture of 
1.2 g of (HI), 50 ml of toluene, and 0.5 of p-toluenesulfonic acid was heated under reflux (equipped with a 
water separator) for 4 h. After the usual workup and evaporation, the residue (I.i g) was subjected to 
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preparative chromatography on a plate covered with AI203 (8 : 2 benzene-hexane), in which connection three 
zones were isolated. From the first zone (260 rag) by repeated chromatographing (i0 : 1 hexane-ethyl ace- 
tate) we isotated 50 mg [4.5%, when based on reacted diketone (III)] of methoxy ether (X), mp 220-225 ~ 
(from ethyl acetate). Xma x 268, 282, 292, 324, 340 nm (log8 4.03; 4.01; 3.89; 3.71; 3.89). Infrared 
spectrum: 1620, 1600 (aromatic) cm -I. NMR spectrum: 0.74 (CH3); 3.9 (OCH3) ppm. Mass spectrum: 
546 (M), 281, 265, 237. From the second zone (400 rag) was isolated ~50 mg (5%) of 17-methyl-3-meth- 

�9 o �9 oxy-18-nor- 16,17-dehydroeqmlenane (XI), mp 210-212 (from a i0 : 1 ethyl aeetate-CHCl 3 mlxture), ma~ 
268, 279, 311, 324, 338nm (log~ 3.77; 3.84; 4.19~ 4.32). Infrared spectrum: 1610, 1580 (aromatic)cm-'; 
tool. wt. 264 (by mass spectrometry). NMR spectrum (5, ppm): 1.06, 1.28 (doublet, CH3-C=C); 3.83 
(OCH3)" 5.52 (C=CH). From the third zone (375 mg) was isolated 225 mg of the starting material (III). 

Small amounts of (X) and (XI) were isolated in an analogous manner by the eyclization of (Ill) in ben- 
zene in the presence of p-toluenesulfonie acid (refluxing for 8 h). 

Cyclization of Seeodiketone (III) in Toluene in the Presence of Acetic and p-Toluenesulfonic Acids. 
A mixture of 1.2 g of (III), 30 ml of toluene, 4 ml of AcOH, and 0.3 g of p-toluenesulfonic acid was refluxed 
for 8 h. An additional 0.2 g of p-toluenesulfonic acid and 2 ml of AcOH were added and the mixture was 
refluxed for another 7 h. After the usual workup the product (1.02 g of oil) was chromatographed on a plate 
covered with AI203 (3:97 ether-benzene). From the first zone we isolated 120 nag (26%, when based on 
reacted diketone) of the acetate of the 3-methyl ether of 16,17-dehydroisoequilenol (XIII), mp 198-202 ~ 
(from 1 : 3 a!eohol-ethyl acetate), kma x 268, 280, 292, 326, 342 nm (logz 4.71; 4.76; 4.63; 4.42; 4.44). 
Infrared spectrum: 1730 (CH3CO2) , 1625, 1600 (aromatic) cm-l; tool. wt. 322 (by mass spectrometry). 
From the second zone was isolated 80 mg (17%) of the acetate of 3-methoxy-A 1,3,5(1~ 

ol (XII), mp 112-115 ~ hmax 310 nm (log~ 4.4). Infrared spectrum: 1738 (CH3CO2), 1610, 1590 (aro- 
matic) cm-l~ NMR spectrum: 0.98 (CH3); 2.02 (CH3CO2); 3.78 (OCH3) ; 4.98 (triplet, CIz-H); 5.49 (sin- 
glet, C=CH). Acetate (XII) does not depress the mixed melting point with an authentic specimen. From 
the third zor~e was isolated 710 mg of the starting material (IU). 

E_n01 Acetate (xIVl of Seeodiket0ne. A mixture of 1.3 g of (III), 20 ml of isopropenyl acetate, and 
1 ml of the catalyst solution [6], containing 0.02 ml of cone. H2SO 4 in 1 ml of isopropenyl acetate, was re- 
fluxed for 2 h, with a slow distillation of the distillate. Then i0 ml of isopropenyl acetate and 1 ml of the 
catalyst solution were added, the mixture was refluxed for 4 h, another i0 ml of isopropenyl acetate, and 
1 ml of the catalyst solution were added, and the mixture was refluxed for another 6 h. The isopropenyl 
acetate was vacuum-distilled, while the residue was treated with ice water and then extracted with ether. 
After the usual workup and removal of the solvent by distillation the product (i.i g of oil) was chromato- 
graphed on a column containing 60 g of SiO 2. From the benzene fraction was isolated 990 mg (670/0) of the 
17-acetate of 3-methoxy-8,14-seco-A1,3,5(l~ (XIV) as an oil. Mass spec-  
t rum:  342 (M), 299 (M-43), 282 (M-60). 

_Cyclization of Enol Acetate (XIV). A mixture of 0.94 g of (X_IV), obtained in the preceding experi-  
ment, 25 ml of toluene, and 0.25 g of p-toluenesulfonic acid was refluxed for 2.5 h. After the usual work-  
up and removal  of the solvent by distillation the oily product  was chromatographed on a plate covered with 
A1203 (10 : 2 ethyl aceta te-hexane) .  F rom the f i rs t  zone was isolated 240 mg [36%, when based on the 
reacted  (XIV}] of the acetate of 3-methoxy-A1,3,5(~~ (XII), mp 108-112 ~ The 
mixed melt ing point with an authentic specimen was not depressed.  F rom the second zone was isolated 
0.29 g of (HI), mp 68-70 ~ while f rom the third zone was isolated 0.28 g of the s tar t ing enol acetate (XIV). 

CONCLUSIONS 

Depend;ing on the conditions, 3-methoxy-A i , 3, ~(I0)_ 8,14- seeoestratriene-i 4,17-dione (III) under the 
influence of acid agents is eyclized to estradiol, equilenol, 18-norequflenane, and cyelopentanophenan- 
threne derivatives. As a result, the spatial factor determines the course of the reaction even if the 
Ag(~1)-double bond, which activates the H atoms at C 7, is absent. 
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