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2 -Carbe thoxy-  [ 11]-  a - c y c l o t h i e n -  1-one, 2-earbe thoxycyclopentadecanone ,  and 2 ,15-d icarbe th-  
oxy-  [9 ,9] -  a - e y c l o d i t h i e n e -  1,14-dione were  conver ted  to 2-phenyl-  1 -methy l -  [ 11]- cz-cyelo-  
t h i eno [1 ,2 -d ]py razo l -3 -one ,  2 - p h e n y l - l - m e t h y l - 4 , 5 - t r i d e c a m e t h y l e n e p y r a z o l - 3 - o n e ,  and 2,16- 
diphenyl-  1 ,15-dimethyl-  [ 9,9 ] -  a ,  (~ ' - c y c  lodithienobis [ ( 1, 2-d, 14,15-d' ) pyrazo le  ] - 3,17-dione, 
r e spec t ive ly ,  by condensat ion with phenylhydrazine  and subsequent  methylat ion.  

A la rge  number  of physiologica l ly  act ive mac rocyc l i c  compounds,  p a r t i c u l a r l y  macro l ide  antibiotics [ 1], 
ja t rophone,  which is act ive  aga ins t  ce r t a in  mal ignant  ce l l s  [ 2], and nonsteroid  e s t rogens  of the zeara lenone  
type [3],  have been desc r ibed  in recen t  yea r s .  There  is some bas i s  for  the assumpt ion  that a mac roeye l i c  
f r agmen t  is n e c e s s a r y  in some  cases  for the development  of a biological  effect,  since this grouping may  
e i ther  co r r e spond  to the s t ruc tu re  of the biological  r e c e p t o r  or  may  affect  the pe rmeab i l i t y  through biological  
m e m b r a n e s .  In this connection, the i n t e r e s t  in the p repa ra t ion  of synthetic m a c r o c y c l i e  compounds that a re  
condensed with var ious  he te rocyc l ic  groupings that have known physiological  act ivi ty  is understandable .  A 
compara t i ve  study of the p r o p e r t i e s  of the compounds obtained with the p r o p e r t i e s  of compounds that  have 
physiologica l  act ivi ty  but do not have a m a c r o c y c l i e  link could s e rve  as a s ta r t ing  point in the i r  study. 

With this end in mind, we se lec ted  a method for  the synthes is  of mac rocyc l i c  s y s t e m s  that a r e  con-  
densed with a py razo le  r ing on the bas i s  of our  p rev ious ly  obtained mac rocyc l i c  f i-keto e s t e r s  [4]. The p r e s -  
ence of a m a c r o c y c l i c  r ing that is condensed in the 3 and 4 position's of the pyrazo le  r ing is  impor tan t  in the 
r e s p e c t  that, as is  well  known [5],  an i nc r ea s e  in the length of the carbon chains in the indicated posi t ions of 
the py razo le  ring, jus t  as the p r e s e n c e  of a t e t ramethy lene  chain that connects  these  posi t ions  [6] ,  p romote s  
a ce r t a in  i n c r e a s e  in the act ivi ty  and a d e c r e a s e  in the toxici ty of ant ipyrene der iva t ives .  

Py razo lones  of this type were  obtained by the reac t ion  of mac rocye l i c  f l -keto e s t e r s  with phenylhydra-  
zine and subsequent  methylat ion.  2 -Carbe thoxy- [  1 1 ] - a - c y c l o t h i e n - l - o n e  (I) (our p roposed  nomencla ture  for  
m a c r o c y c l i c  compounds that include a thiophene ring [7] is used here  and subsequent ly  for  b rev i ty )  was ob- 
tained by cycl izat ion of 2 - (9 - iodonony l ) -5 -ca rbe thoxyace ty l th iophene  in the p r e sence  of K2CO 3 in methyl  
ethyl ketone with the use  of high-dilution technique, as desc r ibed  in [4, 8]. 2 -Carbe thoxycyc lopen ta -decan -1 -  
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one (II) was p r e p a r e d  f rom mac rocyc l i c  ~-ke to  e s t e r  I by reduct ive  desulfurat ion by means  of Raney nickel. 

The condensat ion of m a c r o c y c l i e  f i-keto e s t e r s  with phenylhydrazine was rea l i zed  by heating solutions 
in toluene at  120~ in an iner t  gas  a tmosphere .  Alkylation of the pyrazolones  obtained with dimethyl  sulfate 
gave the products  in a l m os t  quant i ta t ive yields.  As a r e su l t  of the study, we found synthetic conditions under 
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which pyrazolone IV was formed in 63% yield, while pyrazolone VI was formed in 85% yield. Pyrazolone VI 
was also obtained in 88% yield by reductive desulfuration of pyrazolone IV; this is s imultaneously a conf i rma-  
tion of the s t ruc ture  of IV. It is noteworthy that not only does the r ing not undergo hydrogenolysis ,  but the 
double bond of the pyrazolone ring also is not involved in the reductive desulfuration. 

In the course  of our study we were  also able to obtain a macrocyc l ic  sys tem with 26 carbon atoms in a 
ring that includes two thiophene rings and is condensed with two pyrazolone rings.  Thus, bispyrazolone VIII 
was obtained by condensation of 2 ,15-dicarbethoxy- [9 ,9 ] -  ~-eyc lod i th iene-  1,14-dione (VII) with 2 moles of 
phenylhydrazine and subsequent methylation: 
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E X P E R I M E N T A L  

2-Carbe thoxycyc lopentadecan- l -one  (II). Raney nickel (30 g) was added to a solution of 5.73 g (16.6 
mmole) of 2 - e a r b e t h o x y - [ l l ] - r  (I) in 400 ml of ethanol and 150 ml of acetone, and the mix- 
ture was s t i r r ed  at 20~ for 3 h. The cata lyst  was then removed by fi l trat ion and washed with acetone, and 
the solvents were removed by distillation. The residue was distil led in vacuo to give 4.9 g (93%) of keto es te r  
II with bp 120-122~ (0.02 mm) .  Found: C 72.9; H 10.9%. C18H3zO 3. Calculated: C 72.9; H 10.9%. UV spec-  
t rum (in ch loroform) ,  kmax: 245 nm (log e 3~ According to the data in [9],  this compound has bp 168- 
169~ (1 ram).  

2 ,15-dicarbethoxy-  [ 9,9 ] - ~ -cyclodi thiene-  1,14-dione (VII) was obtained by cyclization of 2- (7-iodohep- 
ty l ) -5-carbeth0xyacetyl th iophene in the presence  of K2CO ~ in accordance  with the method in [ 10]. 

2 - P h e n y l - l - m e t h y l -  [ 11]- ~-cyc lo th ieno[  1 ,2 -d]pyrazo l -3 -one  (IV). A 0.94-g (8.7 mmole)  sample of 
phenylhydrazine was added with s t i r r ing  in a s team of argon to a solution of 2.72 g (8.4 mmole)  of keto es te r  
I in 3.5 ml of toluene, and the mixture was heated at 100~ for  2 h with removal  of the result ing water  by 
distillation. The t empera tu re  was then ra ised  to 120~ and the mixture was heated with a reflux condenser  
for another 5 h until the l iberation of alcohol vapors  ceased.  The toluene was removed by distillation, as a 
resul t  of which a t ransparen t  g lassy  mass  was obtained. A 1.3-g (9-mmole) sample of dimethyl sulfate was 
added with s t i r r ing  to 3 g of the result ing III dissolved in 5 ml of toluene, and the mixture was heated at 130~ 
for 4 h. It was then cooled to 60~ and 3 mI of water ,  3 ml of benzene, and 10 ml of 40% aqueous NaOH solu- 
tion were  added. After  4 h, the l ight-yel low solution was separa ted  f rom the b r i gh t - c r imson  alkaline solution, 
washed with a saturated solution of K2CO3, and dried over  K2CO s. The solvents were  removed by distillation 
to give 1.85 g of IV. Extract ion of the alkaline solution with benzene yielded another 0.05 g of pyrazolone IV 
for an overall  yield of 63% based on s tar t ing fl-keto e s t e r  I. The crys ta l l ized  substance has mp 104-104.5~ 
(from heptane).  Found: C 72.5; H 7.5; N 7.4; S 8.4%; M + 376. C23H28N2OS. Calculated: C 72.6; H 7.4; N 7.4; 
S 8.4%; M 381. UV spec t rum (in ch lo ro fo rm) :  k 270 and 350 nm (log e 3.85 and 3.79). IR spec t rum (KBr pel-  
l e t s ) :  1675 (C = O ) ;  2850, 2920 cm -1 (CH 2 of the polymethine chain).  PMR spec t rum (in CsD~N), 5 : 6 . 9 - 7 . 7  
(m, 7H, a romat ic ) ,  2.8 (s, 3H, CH3N), 2.48 (m, 2H, CH2C = C ) ,  and 1.3-1.6 ppm[(CH2)9, unresolved multiplet 
at s t rong field]. 

Crystal l ine  2-carbethoxy-  [ 11]-  o~-eyelothienone phenylhydrazone [ 1.26 g (100%)], with mp 152.5-153 ~ C 
(from heptane),  was isolated when 1.13 g of fl-keto es te r  I in 4 ml of toluene was heated with 0.39 g of phenyl- 
hydrazine at 110~ for  1 h af ter  the solvent was removed by distillation. Found: C 69.2; H 7.2; N 6.8; S 8.1%. 
C24H32N202S. Calculated: C 69.8; H 7.8; N 6.8; S 7.8%. 

2-Phenyl -  1-methyl-  4, 5 - t r idecamethylenepyrazot -  3-one (VI) .. A__)) A 0.87-g (8-mmole) sample of phenyl- 
hydrizine was added with s t i r r ing  to a solution of 1.69 g (5.7 mmole)  of 2-carbethoxycyclopentadeeanone (II) 
in 4 ml of toluene, and the react ion mixture was heated at 90~ for  2 h with removal  of the water  by dist i l la-  
tion. It was heated at 130~ for  another 3 h until the l iberat ion of alcohol vapors  ceased. It was then cooled 
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and dissolved in ether,  and the solution was filtered. The ether  was evaporated, and the residue was r e c r y s t a l -  
l ized f rom heptane to give 1.53 g (79%) of crys ta l l ine  2-phenyl-4,  5- t r idecamethylenepyrazolone (V) with mp 
126.5-128~ Found: C 77.4; H 9.6; N 8.1%; M + 340. C22H32N20. Calculated: C 77.6; H 9.5; N 8.3%; M 340.5. 

A 1.4-g sample of dimethyl sulfate was added with s t i r r ing  at 20~ to a solution of 1.89 g of hydrazone 
V in 6 ml of toluene, and the mixture  was heated at 120~ for 1.5 h. It was then diluted with 4 ml of toluene, 
and the mixture was allowed to stand overnight. The free pyrazolone base VI was isolated af ter  s t i r r ing  for 
1.5 hwith 1 5 m l  of 40% aqueous NaOH and extract ion with hot benzene and removal  of the solvents by dis t i l la-  
tion. The g lassy  red residue (2.8 g) was dissolved in methylene chloride and chromatographed with a column 
filled with si l ica gel to give 1.75 g (91%) of pyrazolone VI with mp 76-76.5~ (fromheptane).  Found: C 78.1; 
H 9.9; N 8.1%; M 354. C23H34N20. Calculated: C 77.9; H 9.7; N 7.9%; M 354. UV spec t rum (in ch lo ro fo rm) :  
kma x 245 and 280 nm (log e 3.84 and 3.70). iR spec t rum (KBr pel le ts) :  1675 (C = O ) ;  2855, 2925 cm -1 
[(CH2)n]. PMR spec t rum (in CsD~N), 5 : 7 . 0 - 7 . 5  (m, 5H, a romat ic ) ,  2.81 (s, 3H, CHaN), and 1.3-1.6 ppm [m, 

26H, (CH2) i3]- 

B) A solution of 0.85 g (2.8 mmole) of 2-carbethoxycyclopentanone (II) and 0.31 g (3 mmole)  of phenyl 
hydrazine in 2.5 ml of m-xylene  was heated at 110~ for  1 h and at 140~ for another 3 h, af ter  which it was 
cooled and t reated with 3 ml of xylene and 1.3 g of dimethyl sulfate. The mixture was then heated at 140~ 
for  4 h, af ter  which it was cooled to 60~ and t reated with 10 ml of benzene and 10 ml of 40% aqueous NaOH. 
The mixture was then s t i r r ed  for 2 h, af ter  which the solvents were  removed by distillation, and 1.13 g of the 
residue was c rys ta l l ized  f rom heptane to give 0.85 g (85%) of 2 -pheny l - l -me thy l -4 ,5 - t r i decame thy lenepyra -  
zo l -3-one  (VI-  with mp 76~ 

2,16- Diphenyl- 1,15-dimethyl-  [ 9, 9 ] - a ,  a ' -  cyclodithienobis [( 1, 2-d, 14,15-d' )pyraz  ole ] -3 ,17-dione (VIII). 
A 1.76-g (16-mmole) sample of phenylhydrazine was added with s t i r r ing  at 90~ to a solution of 3.82 g (6.4 
mmole)  of b i s ( f i -ke to  ester)  VII in5 ml of toluene, and the mixture was heated at 100~ for 1 h and at 120~ 
for 5 h. It was then cooled and t rea ted  with 8 mI of toluene and 1.72 g (13.6 mmole)  of dimethyl sulfate, and 
the mixture was s t i r r ed  at 120~ for 4 h. The dark-yel low spongy mass  that formed after  cooling to 20 ~ 
and s t i r r ing  for  1.5 h with 20 ml of 40% aqueous NaOH solution was extracted with hot benzene, and the sol-  
vents were  removed by distil lation to give a powder that melted at 90~ Purif icat ion by chromatography on 
si l ica gel (elution with hep t ane -e thy l  acetate) gave 3.3 g (72%) of bispyrazolone VIII with mp 90-92~ Found: 
C 71.3; H 7.11 N 7.4; S 8.9%; M + 700. C42H48N402S 2. Calculated: C 71.5; H 6.9; N 8.0; S 9.1%; M 704. IR spec-  
t rum (KBr pellets):  1680 (C = O ) ,  1730 (amide I), and 2935 cm -1 [(CH2)n]. 

Reductive Desulfuration of 2 -Pheny l -1 -me thy l -  [ 11]- a -cyc lo th ieno]  1 ,2 -d lpyrazo l -3 -one .  A 1.02-g sam-  
ple of pyrazolone IV was dissolved in a mixture of 55 ml of ethanol and 20 ml of acetone, 7 g of f reshly  p r e -  
pared  Raney nickel was added, and the mixture was refluxed for  1 h. The ca ta lys t  was removed by filtration, 
and the solvents were removed f rom the fi l trate by evaporat ion to give 0.84 g (88%) of completely c rys ta l l i zed  
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2-phenyl-  1-methyl-4 ,  5- t r idecamethylenepyrazotone (VI) with mp 76.5 ~ C. No melt ing-point  depress ion  was 
observed for  amixture  of this product  with a genuine sample of pyrazolone VI. 
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