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f l -Ketols  fo rmed  as a r e su l t  of in t ramolecular  cyel izat ion of 1,5-diketones by alkaline conden- 
sation of aldehydes with ketones a re  conver ted  to 9 -R-sym-oc tahydroxanthenes  by the action of 
acids. T rea tmen t  of the f l-ketols  wLth acids in the p re sence  of hydrogen sulfide leads to the 
cor responding  9-R-sym-octahydroth ioxanthenes .  The spec t ra l  characterLst ics  of the com-  
pounds obtained a re  given, and some of their  p roper t i e s  a re  descr ibed.  

Products  of intTamolecular  aldol condensation of the initially formed 1,5-diketones a re  eas i ly  fo rmed  in 
the alkaline condensation of aldehydes with ketones in a ra t io  of 1 : 2 ,  r e spec t ive ly  [1]. For  a l o n g t i m e  it was 
assumed  that the r e t roa ldo l  convers ion  f i-ketols  is possible only under base -ca ta lys i s  conditions [2, 3]. In the 
p resence  of acids only thei r  dehydration to give fl , y -unsa tu ra ted  ketones was he re to fo re  known [4]. The p r e s -  
ence of a smal l  amount of 9-phenyl -sym-octahydroxanthene  (X) in the products  of convers ion of 4-phenyl-2 ,3-  
te t ramethylene[3.3.1]bicyclononan-9--on-2-ols  (V) in  acet ic  acid-was unexpectedly observed  in [5]. Consider-  
ing the highly promis ing  cha rac t e r  of the convers ion  of cycl ic  f l-ketols to s [x -membered  heterocyclLc com- 
pounds we studied the behavior  of f l-ketols  I-VI with acidic reagents  in o rde r  to synthesize  diff icul t - to-obtain 
9-R-octahydroxanthenes  and the i r  sulfur analogs. It was found that ref luxtng of solutions of ketols I-VI in a 
mix ture  of acet ic  acid and acet ic  anhydride (1: 1) leads in all  cases  to the format ion of 9 -R- sym-oc t ahydrox -  
anthenes VII-XII. In the case  of a lkyl-subst i tuted ketols  I-HI, in addition to the format ion of sym-oc tahydrox-  
anthenes VII-IX, one obse rves  the usual convers ion  to f l ,7 -unsa tura ted  ketones XIII-XV [4]: 
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Under ac id -ca ta lys i s  conditions one evidently obse rves  not only dehydratLon [4] of ketols I-VI but also, in 
the case  of a lkyl-subst i tu ted sym-octahydroxanthenes  VII-IX, t somer iza t ion  to a , ~ - u n s a t u r a t e d  ketches XIII- 
XV. 

The r e l a t i ve ly  high stabil i ty of 9 -Ar - sym-oc tahydroxan thenes  X-XII with r e s p e c t  to the action of acidic 
reagen ts  is, in our  opinLon, the r e a s o n  for  the absence of the cor responding  unsatura ted  ketones in the reac t ion  
mixture .  
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I, Vll, Xlll, XVl, XVlll, XX, XXlI, XXlV, XXVll--XXX R=H; II, VIII XIV, XVII, 
XIX, XXI, XXIII, XXV R=CH3; III, iX, XV, XXVI R=H--CaHr; IV, X, XXXl R=C4Hs; 
V, XI, XXXII R=C6H4CI-p; VI, XII, XXXIII R=C~H4Br-p; XX, XXI, XXVII X=CIO4; 

XXil, XXIII X=Is; XXVIII X=CI; XXIX X=BF4 

Trea tment  of acetic acid solutions of ketols I -H  with boron trif luoride etherate leads to the :formation :of 
9-R-sym-octahydroxanthylium tetrafluoroborates XVI and XVII and 9-R-perhydroxanthenes XVIH and XIX. The 
latter reaction constitutes evidence for disproportionatton of the intermediate 4H-pyrans [6]. 

The reactions of ketols I and H with tropylinm perchlorate and iodine in acetic acid lead to the quantita- 
tive formation of 9-R-sym-octahydroxanthylium perchlorates XX and XXI and periodldes XXH and XXIH. 

We studied the reactions of ketols I-III with hydrogen sulfide and acids (I-IC104, HCI, and BF 3 �9 Et20) in 
acetic acid. Under these conditions ketols I-III are  converted smoothly to the corresponding sulfides XXIV- 
XXVI at temperatures  that do not exceed 20-22~ whereas products of disproportionation of sym-octahydro- 
thioxanthene XXIV were also isolated from the reaction mixture in the case of ketol I. Depending on the acid 
used, sym-octahydrothloxanthylium perchlorate XXVII, chloride XXVIII, tetrafluoroborate XXIX, and perhydro- 
thioxanthene XXX were obtained. 

Aryl-substituted fl-ketols IV-VIon reaction with HC104, HC1, and BF3. O(C2H5)~. and hydrogen sulfide were 
not converted to the corresponding 9-Ar-sym-octahydrothloxanthenes XXXI-XXXIII under the conditions suf- 
ficient for the conversion of alkyl-substituted ketols I-II'I to 9-R-sym-octahydrothioxanthenes XXIV-XXVI. The 

TABLE 1. Conditions and Results of the Reaction of Ketols I-VI 
with Acidic Reagents in Acetic Acid with and without the Patriot-  
pation of Hydrogen Sulfide 

Starting 
ketol 

I 
II 

Ill 
IV 
v 

Vl 
I 

II 
I 

II 
I 

II 
I 
I 
[ 

II 
III 

Reagents 

CH~COOH/fCH~CO)20 
CHtCOOH/(CHsCO)zO 

13'F~': EhO 
BF s ' Et~O 
Tropyhum perchlora.te 

ropylium perchlorate 

H2S/HCI 
H~S/HCIO4 
HzS/BF~EhO 
H2S/HCI 
HrS/HC1 

eaCtiOn 
mp., "C 

115- - I20  
115--120  
115--120  
115--120  
115- -120  
115--120  
20--22 
20--22 
2 0 - - 2 2  
20--22 
20--22 
20--22 
18- -20  
18- -20  
18- -20  
18--20  
18--20  

Reaction 
time, h 

Reaction produc~ 
(yields,%) 

2 v i i  (30), x r l i  (65) 
2 v i i i  (45), XlV (44) 
3 IX (50), x v  (24) 
6 x (91) 
6 Xl (90) 
6 XII (74) 
3 XVl (52), XVIII (19) 
6 XVil (27), XIX (10) 

48 XX (91) 
48 IXXI (80) 

8 IXXlI (51) 
8 Ixxr l I  (51) 

48 IXXVIII (40), XXX (20) 
24 IXXVII (59), XXX (20 
24 Ixxix (54), xxx(25) 
24 IXXV ffl) 
24 [ XXVI (60) 
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TABLE 2. C h a r a c t e r i s t i c s  of  the 9 - R ' s y m - O c t a h y d r o x a n t h e n e s  
and 9 -R-  s y m -  Octahydr othioxanthen es 

C o r n  - 

)otmd 

IX 
X ~ 

XI 
XlI 

XXV 
XXVlr 
XXXI 

XXXII 
XXXIII 

mp, 
"C 

28--30 
98--99 
96--98 
98--99 
61--62 

11Zlla 
15--116 
16--117 

IR spectrum 
Ic= C), 
c m  - I  

1692, 1730 
1690, 1728 
1690, 1630 
1690, 1728 

1640, 1665 
1645, 1665 
1653, 1678 
1650, 1678 
1650, 1678 

H9 ] Found, % 
spec- J 
!tmm,6,~ 
ippm I c H 

2,37 m 
3,33i- 
3,3ts 
3,328 
2,33q 
2,36m 
3.388 
3,358 
3,35s 

Empirical 
form ula 

S 

82,70[10,42[ -- 
85.881 8,351 -- 
75,69J 7,291 -- 
66,07[ 6,111 -- 
76,43] 9,1 l] 14,59 
77,60] 9,63] 12,79 
80,69[ 7,82] 11,48 
71,81[ 6,60[ 10,41 
57,701 5,271 8,28 

Ct~H240 
CI~H220 
C~9H2~OC1 
C~ft21OBr 
CI4H2oS 
C16H24S 
C~9H~2S 
CIgH21CIS 
C,gH21BrS 

talc., % 

C It S 

8~,75110.34[ - 
85.711 8.271 -- 
75,811 6,98l -- 
66,08 6 ,08 ] -  
76.301 9,25] 14,46 
77.421 9,68] 12.90 
80.851 7,80[ 11,34 
72,03] 6,63] lO, l I 
58,0q 5,~4 t 8,11 

*The  compounds w e r e  c rys t a l l i zed  f r o m  ethanol (IX and XXV) 
and ace ton i t r i l e  (X-XII and XXXI-XXXIID. 
?Th i s  compound had bp 136-140~ (2 ram) and nD~ 1.5546. 

convers ion  of 9 - A t - s u b s t i t u t e d  ketols  IV-VI  to the co r r e spond ing  sulf ides  XXXI-XXXIII was accompl i shed  in 
two s teps .  Ketols  IV-VI  w e r e  conver ted  to 9 - A r - s y m - o c t a h y d r o x a n t h e n e s  X-XII-by the method desc r ibed  above,  
and the l a t t e r  we re  conver ted  smoothly  to 9 - A r - s y m - o c t a h y d r o x a n t h e n e s  XXXI-XXXIII in 96, 94, and 807o 
y ie lds ,  r e spec t i ve ly ,  by the action on t hem of acet ic  acid solut ions of  hydrogen sulfide and hydrogen chlor ide  
at  95-110~ . . . . .  

Thus ca rbocyc l i c  compounds of the 4 - R -  2 ,3 - t e t r ame thy lene  [3.3. ! ]bicyclononan- 9-on-  2-o l  s er  ies a r e  
capable  under  a c i d - c a t a l y s i s  conditions of  undergoing conver s ion  to a s i x - m e m b e r e d  he te rocyc l ic  compound 
that includes a 4H-pyran  r ing ,  whereas  the product  contains a 4H-th topyran  r i ng  when the reac t ion  is c a r r i e d  
out in the p r e s e n c e  of hydrogen sulfide.  

We s h a r e  the opinion of Ti l ichenko and coworke r s  [5] that p r i o r  r e t roa ldo l  c leavage  o f f l - cye lok e to l s  
I -VI  to the co r r e spond ing  b icycl ic  1 ,5-diketones occu r s  in this case .  

The compos i t ions  and s t r u c t u r e s  of  the compounds obtained a r e  conf i rmed  by  the r e s u l t s  of e l e m e n t a r y  
and s p e c t r a l  ana lys i s  and, in a number  of c a s e s ,  by c o m p a r i s o n  of the physica l  constants  With those  of genuine 
s a m p l e s  [7-11]. 

The IR s p e c t r a  of 9 - R - s y m - o c t a h y d r o x a n t h e n e s  IX-XII  and the i r  sulfur analogs XXIV-XXVI and XXXI- 
XXXIII contain,  r e s p e c t i v e l y ,  two bands at 1690-1730 and 1650-1690 c m  -1, which a r e  due to the v ib ra t ions  o f ' the  
C = C  bonds of the 4H-pyran  and 4H- th iopyran  r ings ;  th is  is in a g r e e m e n t  with the data in [11] (Table 2). 

The PMR s p e c t r a  of IX-XII ,  XXIV-XXVI, and XXXI-XXXIII (Table 2) a r e  in ag reemen t  with the 4H-pyran  
and 4H- th iopyran  s t r u c t u r e s .  Thus the s p e c t r u m  of sulfide XXV contains a s ignal  of t h r ee  protons of a methy l  
group in the f o r m  of a doublet a t6  0.95 ppm ($=6.9 ttz) and a signal  of a hydrogen a tom in the C s posit ion in the 
f o r m  of a quar te t  cen te red  at 6 2.33 ppm ($=6.9 Hz); th is  is undoubtedly evidence in favor  of the 4H s t r u c t u r e  
of  the he te ror ing .  The protons  in the C 9 posi t ions  of X-XII  and XXXI-XXXIII give s ignals  in the f o r m  of s in -  
glets  at 3.31-3.35 ppm. The c o r r e c t n e s s  of  the a s s ignmen t  of the s ignals  is conf i rmed  by the l i t e r a tu r e  analo-  
gies [71. 

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

Ketols  I -VI  were  obtained by  alkal ine condensat ion of cyclohexanone with the co r respond ing  aldehydes 
[4, 13]. Monitor ing of the convers ion  of ke to ls  I -VI  [4, 13] and the de te rmina t ion  of the individuality of the 
products  w e r e  accompl i shed  by  g a s - l i q u i d  c h r o m a t o g r a p h y  (GLC) with an LKhM-SMD chromatograph  with a 
f l ame- ion iza t ion  de tec to r ;  the column was  2 - m  long with a d i a m e t e r  of 3 m m  and was  fi l led with 10% Apiezon -  
L on Chroma ton  N-AW-DMCS, and the c a r r i e r  gas  was  argon.  The IR s p e c t r a  of suspens ions  of the compounds 
in minera l ,  oi l  and hexaehlorobutadiene  w e r e  r eco rded  with a UR-20  s p e c t r o m e t e r  with a KBr p r i s m .  The 
PMR s p e c t r a  of 30% solut ions of the compounds in CC14 w e r e  obtained with a Tes l a  138-477 s p e c t r o m e t e r  (60 
MHz) with hexamethyld i s i loxane  a s  the in te rna l  s tandard .  

React ion of Ketol  HI  with Acet ic  Acid and Acet ic  Anhydride.  A 5-g  (0.02 mole) s amp le  of ketol  I ~  was 
d isso lved  in 50 ml  of a hot mix tu re  of  acet ic  acid and acet ic  anhydride (1 : 1), and the solution was re f l axed  for  
3 h. It was then cooled,  and the r e su l t i ng  c rys t a l l i ne  p rec ip i t a t e  was r e m o v e d  by  f i l t ra t ion,  washed with acet ic  
acid,  and dr ied  to give 2 g of 9 - p r o p y l - s y m - o e t a h y d r o x a n t h e n e  (IX). The mothe r  l iquor was diluted with water  
and ex t rac ted  with e ther .  The  ether  e~: rac t  was washed  with wa te r  and dr ied over  Na2SO4, and the solvent  was 
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removed by distillation. Treatment of the oily residue with hot ethanol gave 0.47 g of IX and 1.3 g (24%) of 
unsaturated ketone XV. The overall  yield of IX was 2.47 g (50%). 

The reactions of ketols I, H, and IV-VI with acetic acid and acetic anhydride were carr ied  out similarly, 
In the case of ketols I and H the yields of reaction products were estimated by GLC. 9-Aryl-sym-octahydrox- 
anthenes XXXIV-XXXVI were isolated preparatively (Table 1). 

Reaction of Ketol I with Boron Trifluoride Etherate. A 10-g (0.8 mole) sample of BF3" Et20 was added 
in the course of an hour to 5.2 g (0.025 mole of the ketol) I in 20 ml of acetic acid. After 3 h, the mixture w a s  
diluted with ether, and the crystall ine precipitate of sym-octahydroxanthylium tetrafluoroborate XVI was sepa- 
rated to give 3.6 g of a product with mp 90-91~ (from alcohol). Found: C 56.41; H 6.10%. C13HI?BF40. Cal- 
culated: C 56.52; H 6.15%. Vacuum distillation of the mother liquor gave 0.921 g of perhydroxanthene XVIII 
with bp 97-98~ (4 ram) and nD 25 1.4951 [8]. 

The reaction of ketol H with BF 3 �9 Et20 under similar conditions gave salt XVII and 9-methylperhydrox- 
anthene XIXwith bp 177'179~ (11 ram) and nD2~ 1.4980. Found: C 80.56; H 11.50%. C14H240. Calculated: C 
80.76; H 11.05%. 9-Methyl-sym-octahydroxanthylium tetrafluoroborate XVIII had mp 102-104~ (alcohol). 
Found: C 57.72; H 6.45%. C14H19BF40. Calculated: C 57.93; H 6.55%. 

Reaction of Ketol with Tropylium Perehlorate.  A 1.25-g (6:7 mmole) sample of tropylinm perchlorate 
was added to 1.4 g (6.7 mmole) of ketol I in 20 ml of acetic acid, and the mixture was s t i r red  for 48 h. It was 
then treated with ether to precipitate 1.31 g (66%) of colorless crystals  of sym-octahydroxanthylinm perchlo- 
ra te  XX with mp 172-173~ (alcohol) [9]. 

The reaction of ketol H with tropylium perchlorate proceeded similarly,  and 9-methyl-sym-octahydrox- 
anthylium perchlorate (XXI), with mp 130-131~ [9], was obtained. 

Reaction of Ketol I with Iodine. An ether solution of 19.95 g (0.15 mole) of iodine was added to 5.2 g 
(0.025 mole) of ketol I in 50 nil of acetic acid, and the mixture was s t i r red  for 8 h. The resulting crystall ine 
precipitate was removed by filtration, washed with ether, and dried to give 10.8 g (50~ of sym-oetahydroxan- 
thylinm pentaiodide (XXID with mp 112-114~ (from acetonitrile). Found: C 19.02; H 2.02%. C13Hl?OI 5. Cal- 
culated: C 20.05; H 2.26%. Found: C 19.86; H 2.16%. C14H19OI ~. Calculated: C 20.05; H 2.26%. 

Pentatodide XXHI, with mp 103-104~ (acetonitrile), was s imilar ly obtained from ketol H. Found: C 
19.86; H 2.16%. C14H19OI 5. Calculated: C 20.05; H 2.26%. 

. 

Reaction of Ketol I with Hydrogen Sulfide and Acids. A suspension of 5.2 g (0.025 mole) of ketol I in 50 
ml of acetic acid was saturated with hydrogen sulfide at 20-22~ in the course of 1.5 h, after which it was satu- 
rated with a mixture of H2S and HC1 gases in the course of 2 h [in the case of the reaction with perehloriC acid 
and boron trifluoride etherate 5.4 g (0.053 mole) of 70% perchloric acid or 10 g (0.07 mole) of boron trifluoride 
etherate was added in the course of 2 h as saturation with hydrogen sulfide was continued]. The reaction mix- 
ture was allowed to stand for 24-48 h, after which the corresponding sym-octahydrothioxanthylium salts XXVII- 
XXIX were precipitated with ether. With respect  to their  melting points and IR spectra,  salts XXVII and XXVIH 
were identical to genuine samples [10]. Perchlorate XXVII had rap 120-122~ (water), chloride XXVIH had mp 
94-95~ (acetoni t r i le-ether) ,  and te t raf luoroborate  XXIXhad mp 98-99.5~ (acetic ac id-e ther ) .  Found: C 
53.32; H 6.64; S 10.70%. Ct3Hi?SBF 4. Calculated: C 53.43; H 5.83; S 10.59%. The yields of the compounds are  
presented in Table 1. 

The mother liquor was washed with water and dried over Na2SO4, and the solvent was removed by distil- 
lation. The oily residue was recrysta l l ized from methanol to give perhydrothioxanthene XXX with mp 70-72~ 

[I0]. 

Sulfides XXV and XXVI (Tables 1 and 2) were s imilar ly  obtained by reaction of ketols H and HI with hy- 
drogen sulfide and hydrogen chloride. 

9-Phenyl-sym-octahydrothioxanthene (XXVIID. A suspension of 5.32 g (0.02 mole) of 9-phenyl-sym- 
octahydroxanthene X in 50 ml of acetic acid was saturated with hydrogen sulfide in the course of 1 h, after which 
4 ml of concentrated hydrochloric acid was added, and the temperature  of the mixture was raised to 95-100~ 
as saturation of the solution with hydrogen sulfide was continued. After 3 h, the solution was cooled and fi l tered 
to give 5.41 g (96%) of 9-phenyl-sym-octahydrothtoxanthene XXXI with mp 111-113~ [11]. 

9-R-sym-Octahydrothioxanthenes XXXH and XXXIH were s imilar ly obtained in 94 and 80% yields, respec-  
tively, from 9-R-sym-octahydroxanthenes XI and XII. 
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C O N D E N S A T I O N  O F  4 - B E N Z A M I D O - 3 - O X O T H I O P H A N  

W I T H  A C R O L E I N .  S Y N T H E S I S  O F  1 - B E N Z A M I D O -  

4 - H Y D R O X Y -  6 - T H I A B I C Y C  L O  [ 3 . 2 . 1 ] - O C T A N - 8 - O N E  

A N D  6 -  B E  N Z O Y L -  7 - H Y D R  O X Y -  2 - T H I A -  6 - A  ZA S P I R  O [ 4 . 4 ] -  

N O N A N - 4 - O N E  

S. D. M i k h n o ,  T .  M. F i l i p p o v a ,  
T .  N. P o l y a n s k a y a ,  S. I .  P e r e t o k i n a ,  I .  G.  S u c h k o v a ,  
a n d  V. M. B e r e z o v s k i i  

UDC 547.733'734 : 542.953 

It is shown that acro le in  adds to the 4 posit ion ( r a the r  than to the 2 position) of 4 -benzamido-  
3-oxothiophan under the influence of ca ta lys t s  with bas ic  cha rac t e r ;  the aldehyde group of the 
in te rmedia te  compound r e a c t s  with the amino group (if the reac t ion  is c a r r i e d  out in ch loro-  
form) to give 6 -benzoy l -7 -hyd roxy -2 - t h i a -6 - aza sp i ro [4 . 4 ]nonan -4 -one  or (if the reac t ion  is 
c a r r i e d  out in a m ixture  of alcohol and chloroform)  1 -benzamido-4 -hydroxy-6 - th i ab i cyc lo -  
[3.2.1]octan- 8-one as a r e s u l t  of in t r amolecu la r  aldol condensation. 

We have p rev ious ly  shown [1] that  subst i tu ted 3-oxothiophans a r e  capable  of undergoing the Michael r e -  
action with a , f l - u n s a t u r a t e d  ketones.  In the p resen t  r e s e a r c h  we invest igated the reac t ion  of 4 -benzamido-3 -  
oxothiophan {I) with acroleLn. Elect ropht l tc  a t tack on acylaminooxothtophan I by the f i -ca rbon  a tom of the double 
bond of the unsa tura ted  aldehyde may  take place at the carbon a toms in both the 2 and 4 posi t ions of the th io-  
phan r ing. 

The r eac t ion  of acro le in  with acylaminooxothiophan I was c a r r i e d  out in ch lo ro fo rm or in a mix tu re  of 
c h l o r o f o r m  and methanol  in the p r e s e n c e  of a bas ic  ca ta lys t  (piperidine, diethylamine,  sodium methoxide,  or  
po ta s s ium hydroxide) at 0 to -50~ It was es tabl i shed that the addition m a y  proceed  in different  d i rec t ions  
depending on the composi t ion  of the medium.  

1 -Benzamido-4 -hydroxy-6 - th i ab i cyc lo  [3.2.1]octan-8-one (Ill) was isolated in the condensat ion of I with 
acro le in  in a mix tu re  of c h l o r o f o r m  and methanol .  The c h a r a c t e r i s t i c  bands of an amide  [3400 (VNH) and 1600 
c m  - i  (vCO)] and of an oxo group (1740 cm-1),  as well  as  the band of a f ree  hydroxyl  group (3580 era- l ) ,  a r e  ob- 
se rved  in the IR s p e c t r u m  of Ill. The fo rmat ion  of oxime IV also const i tu tes  evidence in favor  of the p re sence  
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