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While synthes iz ing  some  s t e ro id  de r iva t ives  the need a r o s e  of obtaining the cycl ic  f i -hydroxy ketones  
(D and  ( i i ) .  
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The reduct ion of the co r respond ing  f i -diketones (III) and (IV) does not lead to the des i r ed  resu l t ,  s ince the 
reac t ion  is nonse lec t ive  and gives a difficult ly s epa rab l e  mix tu re  of compounds .  The reduct ion of the enoI 
e the r s  of diketones leads only to cyclic  ~ , f l - unsa tu r a t ed  ketones  [1]. 

We se lec ted  the path of se lec t ive  protec t ion  of the keto group by ke ta l iza t ion  o r  enolacetylat ion,  with 
subsequent  reduct ion of the keta ls  o r  enol ace ta tes  with NaBH 4. 

Monoethylene ke ta l s  (V) and (VI) a r e  f o r m e d  in good yields  us ing  an equ imola r  ra t io  of the diketone 
and ethylene glycol,  with a rapid  r e m o v a l  of the f o r m e d  w a t e r  f r o m  the reac t ion  sphere ,  which is achieved 
by azeo t rop ic  dis t i l la t ion and dry ing  the r ecyc l ed  so lvent  (the use  of the conventional  Dean- -Sta rk  head does 
not accompl i sh  the purpose) .  
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The reduct ion of ke ta l s  (V) and (VD with NaBH 4 at  --30~ gives hydroxy ke ta l s  (VID and (VIII). A 
s i m i l a r  reduct ion of enol ace ta tes  (IX) and (X) leads to h igh-mel t ing  c rys ta l l ine  bo ra t e  complexes ,  f rom 
which the isola t ion of the ke ta l s  t h e m s e l v e s  is difficult .  Still, when these  complexes  a r e  heated in benzene 
under  ke ta l iza t ion  conditions (ethylene glycol,  TsOH) the c rys ta l l ine  hydroxy ke ta l s  (XI) and (XII) can be 
isola ted ,  which di f fer  f r o m  hydroxy ke ta l s  (VII) and (VIII). As a resu l t ,  the two paths lead to different  

s t e r e o i s o m e r s .  
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In harmony with the Cram rule [2], when monoketal (VI) is reduced the C atom of the CO group 
should be attacked by the BH 4- anion from the side of the smallest substituent at C2. As follows from the 
molecular model, in the thermodynamically favorable conformation (Via) the approach to C i is partially 
shielded by the equatorial CH 3 group, and partially by the ketal group, which determines the formation 

of the cis-isomer of (VIII) as the (Villa) conformation. 

The other equilibrium conformation (VIIIb) apparently makes an insignificant contribution to s 
structure of hydroxy ketal (VIII), since, in contrast to (VlIIa), it is not stabilized by an intramoleeular 
hydrogen bond between the axial OH group and the O atom of the dioxolane ring. 
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Ac tua l ly ,  the IR s p e c t r u m  of hydroxy ke ta l  (VIII), taken as  a f i lm,  has a b r o a d  a bs o r p t i on  band of the 
OH group a t  32OO-3530 cm -1, with a m a x i m u m  at  3400 cm -1 [3]. Two bands a p p e a r  when the concen t ra t ion  
is r educed  to 3 .2  �9 10 -a m o l e / l i t e r :  a b r o a d  band at  3340-3450 with a m a x i m u m  at  3390 cm - t ,  and a n a r -  
row band a t  3539 cm -1 . The f i r s t  band m u s t  be a s s i g n e d  to the hydroxyl  abso rp t ion  of d i m e r s ,  s ince  the 
second  band t e s t i f i e s  to the i n t r a m o l e c u l a r  OH . . .  O hydrogen bond. The in tens i ty  of the f i r s t  band de-  
c r e a s e s  a t  a concen t ra t ion  of 6.3 �9 10 -4 m o l e / l i t e r ,  while the in tens i ty  of the second  band i n c r e a s e s  
s h a r p l y .  

The reduc t ion  of ke ta l  (V) and enol ace ta t e  (IX), which we re  obtained f rom 2 - m e t h y l - I ,  3 - c y c l o p e n -  
tadione (III), gives  s i m i l a r  r e s u l t s .  The fo rma t ion  of the i s o m e r i c  hydroxy ke ta l s  (XI) and (XII) when enol 
a c e t a t e s  a r e  reduced  (with subsequent  ke ta l iza t ion)  can be expla ined  on the example  of enol  ace ta t e  (IX). 
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The t r a n s i t i o n  compound (XIII) is  f o r m e d  when the enol ace ta t e  grouping  is  a t t acked  by hydr ide  ion 
due to the b i m o l e c u l a r  addi t ion of the BH 4- anion to the e l e c t r oph i l i e  C a tom of the CO group.  This  com-  
pound can r e a r r a n g e  to the cyc l ic  bo ra t e  complex  (XIV), which on ac id  hyd r o l y s i s  in the ke t a l i za t i on  p r o -  
c e s s  undergoes inversion at C 2 to give the trans-diequatorial isomer (XI). This scheme is supported by 
the formation of the stable borate complex, and also by the formation of acetaldehyde in the ketalization 
process. 

Another reduction path is also possible, which apparently takes place in the case of enol acetate (X). 
Here attack by the anion can occur at both functions, which should lead to complex (XV), which then gives 
the transition intermediate compound (X-VI) or (X-VII) as the result of hydride (see Scheme 1)o 

Acetaldehyde and hydroxy ketal (XID were also obtained from the borate complex formed in this case 
by hydrolysis in the ketalization process. 

We also studied the hydride reduction of 2-carbethoxy-l-eyclopentanone (XVIII)~ In contrast to the 
previously obtained results [4], it was shown that keto ester (XVIII) is smoothly reduced by NaHB 4 at low 
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t e m p e r a t u r e s  (--70 ~ to give the liquid 2 - c a r b e t h o x y - l - c y c l o p e n t a n o l  (XIX). 
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Hydroxy e s t e r  (XIX) gives the phenylure than with mp 88-89 ~ which co r r e sponds  to the c i s - i s o m e r  [5]. 
Consequently a l so  in this case  the reduct ion of e s t e r  (XVIII) p roceeds  in ha rmony  with the C r a m  rule ,  The 
c i s - i s o m e r  (XIX) was a l so  c h a r a c t e r i z e d  by i ts  convers ion  to the c rys ta l l ine  hydroxy acid ace ta te  (XX). 

E X P E R I M E N T A L  M E T H O D  

2 - M e t h y l - i ,  3 -cyclopentanedione  Ethylene Ketal  (V). A mix tu re  of 10.3 g of 2 - m e t h y l - i ,  3 -cyc lopen-  
tanedione (III) and 4.3 g of ethylene glycol  in 150 m l  of absolute  benzene was ref luxed in the p r e sence  of 
0.6 g of p- to luenesul fonic  ac id  fo r  4 h in a Soxhlet  appara tus  (the ca r t r i dge  was fil led with anhydrous 
CaCI2). Af t e r  the usual  workup and r e m o v a l  of the solvent  in vacuo we obtained 12 g (85%) of keta l  (V) with 
m p  123-124 ~ ( f rom ether) ;  moI .  wt. 156 {by m a s s  s p e c t r o m e t r y ) .  Found: C 57.89; H 7.77%. CsH1203 
�9 0.5H20.  Calculated:  C 58 .17 ;  H 7.93%. In f r a r ed  s p e c t r u m  (KBr pel le t ,  Vma x, cm- t ) :  3500-3200 

(chelated OH group),  1750 (cyclopentanone),  1695 and 1600 ( - -COCH-C < ), 1068, 1100, 1260 (ketal  g roup-  
O 

\ 
ing). NMR s p e c t r u m  (CsD5N, 5, ppm): 1 .9  s (CH3), 4 .03 (--OCH2CH20--),  4 .32  ( C--CHCO--) .  / 

O 

Substant ia l  amounts  of diethylene keta l ,  with mp  194-195% a r e  f o r m e d  if the ke ta l iza t ion  is run with- 
out azeo t rop ie  dis t i l la t ion of the w a t e r  o r  with excess  ethylene glycol .  C10Hl604, tool .  wt.  200 (by m a s s  
s p e c t r o m e t r y ) .  The absorp t ion  band, c h a r a c t e r i s t i c  for  the CO group, is absent  in the IR s p e c t r u m  of the 
diketal .  NMR s p e c t r u m  (CsDsN, 6, ppm): 1 .9  (CH3--), 4 .07  (--OCH2CH20--).  

Reduction of Ketal  (V). To a solution of 12 g of ke ta l  (V) in 120 ml  of methanol  at  --30 ~ was added in 
40 min  a solution of 1 .6  g of NaBH 4 in 70 ml  of 57% methanol .  The s t i r r i n g  a t  --30 ~ was continued fo r  6 h. 
Af t e r  the usua l  workup and ex t rac t ion  with CHC13 we obtained 11.3 g (96%) of hydroxy ke ta l  (VII) with mp  
70-72 ~ ( f rom e ther ) ,  mol .  wt. 158 [by m a s s  s p e c t r o m e t r y ,  an intense peak was a l so  obse rved  that  c o r r e -  
sponded to the f r a g m e n t  with m / e  140 (M + --H40)].  Found: C 60.74; H 8.92%. CsHi403. Calculated:  C 
60.40; H 9.00%. I n f r a r e d  s p e c t r u m  (KBr pel le t ,  Vmax, cm-i ) :  3200-3530 (OH) (CC14, 3 .2  �9 10 -3 mole  
/ l i t e r ) ;  3340-3450 (d imer ic  absorp t ion  of OH group; 3539 ( i n t r amo lecu l a r  H bond) CC14, 6.3 �9 10 -4 mole  
/ l i t e r ) ;  3540 (H bond), 3395 (weak intensi ty) .  NMR s p e c t r u m  (CsDsN, 5, ppm): 1.72 (CH3--), 2 .57 m 
(> CH--OH), 4 .03  m (--OCH2CH20--).  

The ace ty ta t ion  of the hydroxy ke ta l  (VII) gives the ace ta te  (oil), which was pur i f ied  by c h r o m a t -  
ographing on s i l ica  gel in the sys t em:  1 : 1 b e n z e n e - - p e t r o l e u m  e the r .  I n f r a r ed  s p e c t r u m  (as a film): 

1748 and 1242 cm -1 (CH3COO--). 

Enol Aceta te  (IX). A solution of 5 g of diketone (IK) in 75 m l  of Ac20 and 25 m l  of AcC1 was ref luxed 
fo r  3 .5  h. Vacuum-dis t i l l a t ion  gave 5 .5  g (81%) of enol  ace ta te  (IX), bp 129-130 ~ (12 ram): nD2tl .4880, 
cf.  [6]. I n f r a r e d  s p e c t r u m  (as a film): 1782 (vinyl ace ta te  group),  1672 cm -i (> C = C--CO-- ) .  
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Hydroxy Ketal (XI). To a solution of 1.54 g of enol acetate (IX) in 15 ml  of methanol  at  --30 ~ was 
added 0.82 g of NaBH 4 in 5 ml of 57~ methanol in 30 rain, and the s t i r r ing  was continued at --30 ~ for  2 h. 
The react ion mixture was cautiously acidified with dilute HCI solution to pH 6, and then s t i r r ed  for  another  
hour.  The excess  methanol was vacuum-dis t i l led.  The res idual  aqueous solution deposited 1.39 g of the 
borate  complex (XIII) with mp 355 ~ Found: B203 2! .10%. CsH~403B. Calculated: B203 20.85%. 

A suspension of 0.5 of the borate  complex (XIID m 30 ml of absolute benzene was refluxed in a 
Soxhlet apparatus  (equipped with a car t r idge  filled with CaC12) for  3 h with 1 g of ethylene glycol and 30 mg  
of p- toluenesulfonic acid.  Af ter  the usual  workup we obtained 0.2 g of an oil, which was ehromatographed 
on si l ica gel.  The low-polar  products  were eluted with benzene and benzene--CHC13 mix tu res .  Elution 
with e ther  gave 130 mg of hydroxy ketal (XI) with mp 150-151 ~ C8H1203, tool.  wt. 158 (by mass  spec t ro -  
me t ry ,  a peak with m / e  140 (M + --H20) was also observed).  Inf rared  spec t rum (KBr pellet): 2520-3200 
cm -1 (OH), the CO absorpt ion band is absent .  NMR spec t rum (ChDhN, 5, ppm): 1.90 (CH3--), 3 .82,  4 . 0 3  

(--OCH2CH20--), 2.34 (> CH--OH). 

Ethylene Ketal (VI). Obtained in the same manner  as (V) in 78% yield, mp 182-183 ~ (from ether) .  
In f ra red  spec t rum (KBr pellet): 2400-3250, 1648, 1600 cm -1. NMR spec t rum (ChDhN , 5, ppm). 1.83 

O 

(CH3--), 2.12(CH2CO ), 3 . 6 1 ( ~ C - - C H C O - - ) ,  4 .04(--OCH2CH20--) .  
/ 

O 

Enol Acetate (X). Obtained in the same manner  as {IX)in 98%yield, bp 163-164 ~ (25 ram); nD 23 
1.4848; mol .  wt. 168 (by mass  spec t romet ry ) .  Inf rared  spec t rum (as a film): 1763, 1673 c m - t .  Based 
on the mass  spec t ra l  data, the fract ion with bp above 164 ~ ( traces)  was a mixture of enol acetate  (IX) and 
2 -methy l -A 1, 3-cyclohexadiene-1 ,3-d io l  diacetate (M + 2107. 

Hydroxy KetaI (VIII). Obtained f rom ketaI (VI) in 50% yield, mp 90-90.5 ~ (from CC14). It was pur i -  
fied by chromatographing on si l ica gel in the sys tem:  1 : 1 octane--benzene,  and before rec rys ta l l i za t ion  
had nD 23 1.4868.  C9H1603, mol.  wt. 172 (by mass  spec t rome t ry ,  a peak with m / e  154 (M+--H2 O) was ob- 
served) ,  inf rared  spec t rum (as a film): 3500, 1120, 1100, 1075, 1035 cm-~; absorpt ion appears  at  3531 
cm -1 ( in t ramolecular  H bond) in dilute CC14 solutions.  

Hydroxy Ketal (XII). The reduction of 6.2 g of enol acetate (X) was run the same as the reduct ion of 
(IX). We obtained 3.2 g of  the borate  complex with mp above 355 ~ (Found: B203 48~). 

A mixture of 1 g of the borate complex, 2 g of ethylene glycol,  60 mg of p-toluenesulfonic acid, and 
50 ml  of benzene was refluxed in a Soxhlet apparatus (equipped with a car t r idge  filled with CaCI 2) fo r  7 h. 
Af ter  the usual  workup, the product (0.74 g) was chromatographed on si l ica gel in a 1 : 1 benzene--CHCI 3 
mixture .  We eluted 240 mg of hydroxy ketal  (XII) as an oil, C2H1603, mol .  wt. 172 (by mass  spec t rome t ry ,  
a peak with m / e  154 (M+--H2O)was also observed).  In f ra red  spec t rum (as a film): 3400, 1085, 1050 cm -1 
NMR spec t rum (C5D5N, 5, ppm): 1.21 (CH--OH), 3.61 (CH--OH), 3.67,  4.04 (--OCH2CH2O--). 

Hydrolysis  of Borate  Complex (XIII). A mixture of 1 g of complex (XIII), 2 g of ethylene glycol, 60 mg 
of p- toluenesulfonic acid, and 200 ml of xylene was refluxed, with the simultaneous distil lation of the 
xylene (fresh xylene was added in o rde r  to maintain a constant  volume of the react ion mass) ,  for  30 h. 
The distil late was col lected in a r ece ive r  that contained a solution of 1 g of 2 ,4-din i t rophenylhydrazine  in 
65 ml  of HC1 and 30 ml of methanol.  To the distillate was added another  50 ml of dilute HC1 solution (1 : 1) 
and the mixture  was refluxed for  8 h. The mixture was evaporated in vacuo, water  was added to the 
res idue,  and the mixture was ext rac ted  with ethyl aceta te .  The ex t rac t  was worked up in the usual  manner  
to give a product  that was ehromatographed in a thin layer  of s i l ica get (ethyl acetate) .  The zone with Rf 
0.85 was eluCed with ethyl aceta te .  Evaporat ion of the eluate gave 0.1 g of the acetaldehyde dini trophenyl-  
hydrazone with mp 148-150% 

Reduction of Keto E s t e r  (XVIII). To a solution of 3.3 g of keto e s t e r  (XVIII) in 50 ml  of ethanol, con- 
taining 20 m g  of NaOH, at --70 ~ was added a solution of 1 .7 g of NaBH 4 in 20 ml of 60% ethanol. The s t i r -  
r ing was continued at --70 ~ for  6 h. The mixture was decomposed at 0 ~ with water ,  and then acidified with 
3 ml  of AcOH. The product  was extracted with e ther .  The ext rac t  was worked up in the usual  manner  to 
give 3 g (90%) of hydroxy es te r  (XIX) as an oil, nD 1~ 1.4598.  In f ra red  spec t rum (as a film, ~max, cm-1): 
3460, 1736, 1235 (CC14 3 �9 10 -4 mole / l i t e r ) ,  3680 (H bond), 3533 (weak absorption),  1742, 1250. Mass 
spec t rum (m/e):  158 (M +, 100), 140 (M + --H20, 13), 113 (M + --OEt,  35), 95 (M + --H20--OEt , 22%). 
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Hydroxy e s t e r  (XIX) when ref luxed with phenyl isoeyanate  in pe t ro leum e the r  (bp 70 ~ for  5-6 h gave 
the phenylurethan with mp 88-89 ~ ( f rom pe t ro leum ether) ,  cf.  [6]. 

Saponification of Hydroxy E s t e r  (XIX). A mix ture  of 9 g of hydroxy e s t e r  (XIX), 160 ml of methanol,  
6.35 g of KOH, and 40 ml of wate r  was ref luxed for  2 h. The methanol was removed  in vaeuo.  The 
res idue  was t r ea ted  with water ,  the neut ra l  compounds were  ex t rac ted  with e thy lace ta te ,  andthe r ema inde r  
was acidif ied with HC1. Ext rac t ion  with ethyl  aceta te  gave 7 g of the hydroxy acid, which without fu r the r  
purif icat ion was ace ty la ted  (by ref luxing with 50 ml  of Ac20 for  2 h). We isolated 6.5 g of the hydroxyac id  
aceta te  (XX), which gives a s table hydrate  with mp 148-150 ~ ( f rom water) .  Found: C 49.92; H 6.99%. 
C8H1204 - H20. Calculated: C 50.32,  H 7.12%. Inf ra red  spec t rum (KBr pellet ,  ~max, cm-1): 2500-3300, 
1695 and 928 (COOH), 1720 and 1193 (CH3COO--). 

C O N C L U S I O N S  

The reduct ion of the monoethylene ketals  of cycl ic  fi-diketones and the enol ace ta tes  of ~-diketones 
with sodium borohydr ide  is s t e reospec i f i c ,  but p roceeds  wi th  the format ion  of different  i somers  of the 
hydroxy ke ta l s .  
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