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~~titlediltetomlwrscollverttdviathe~Sintoomonotetal6whichwuthenrrductd 
to atTord a mixture of two cpimhc ketal-alcohols 7 and 8. Esh of the corqwmding kcto-rlcohola 9 
and 19 was then reduced to give a mixture of syn-anti-did 2 on the one hand and either the syn-sy&iol 
3 or the anti-otiidiol4. nqaztively. incidentally proving the conhgurations of the kctabakohois. catalytic 
reduction of 1 with Rh and Ru gives a mixture of 9 and 10, and a mixture of 2,3, and 4, mspcctively. 

The title dione 1 has been raked with lithium 
ahminium hydri&‘J and with aodium borohydride,’ 
iaeachcasegiviagamixtureofthetbreepossible 
diols 21, albeit ia differeat ratios.’ we wished to 
detemliae whether or aot stepwise reduction alight 
give further control of the product ratio. The dioae 
was therefore converted into the diketal 5 theace into 
the mono-ketal aroaoketoae 6 by @our-ketalizatioa. 

1,4-Butaaediol which served well in the case of 
l,4-cyclohexaaedioa~ was, not surprisiagly, ua- 
selective in the preseat cnse so that the more standard 
procedure of blocking with ethylene glycol was used. 

Reduchion of 6 wns carrial out with both lithium 
alumiaium hydride aad with sodium borohydride, 
affording mixtures of the syn and the anfi ketal- 
alcohols 7 and 8. 

Although these substances could be partly sepa- 
rated by tlnsh chromatography (Experimeatal), their 
properties were rather similar aad a mixture of 7 and 
8 formed the largest fraction. This was treated with 
acid in order to fotm the free keto-alcohol which 
could be more easily separated to alToal pure 9 aad 
10. Reduction of the ketols 9 aad 10 gave mixtures 
of 2+ 3 and 2+ 4, respectively, thus proving the 
coatiguratioas of the alcohols 7 and 8 by comparison 
with the diols 2-4 obtained earlier.‘l 

Oae therefore has several options for the prepnra- 
tion of the syn-syndiol 3 and the anti-antidiol 4, 
albeit in each cn.9e within a mixture. One may reduce 
the diketone 1 directly aad obtain 2 + 3 + 4,‘s or one 
may carry out stepwise reduction and obtain 3 + 2 or 
4 + 2 ns shown herein. 

Since we are more interested ia the syn-syndiol3 
for reasons nlready did’ it is clear that stepwise 
reduction of 1 via 6, followed by removal of the ketal 
blocking group aad further reduction to diol is less 
etBcacious than direct reduction of 1. On the other 
hand, more unti-untidiol4, if this were desired, may 
be obtained in larger amounts by stepwise reduction. 
We compare only the figures obtained using NaBH, 

tPart LXXVz J. Kettenring and D. Ginsburg, Ter- 
ruhedron 40, 5269 (1984). 
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as reducing agent because direct redtKtioa of 1 with 
this reagent gave 2:3:4 in the ratio 36.7% : 40.8% : 
22.5% (as compared to 45.1%: 18.3%: 36.6% using 
LiAIH,).’ Sodium borohydride reduction of 6 gives 
7:8 in the ratio 40.8%: 59.2%. W&a the corrospoad- 
iag ketols are reduced 9 affords 2:3 in the ratio of 
37.7%:63.3x but owing to the tlrst step the overall 
yield of 3 is only 26% as compared to 40.8% by direct 
reduction. Oa the other hand. 10 gives 2:4 in the ratio 
of11.5%:88.~~.Tbeoverallyieldof4isthus45%as 
compared to 22.5% by direct reduction. 

It is not surprismg that for stereoekctroaic rensoas 
the monoketal6 has hydride ion delivered to it from 
thefnceofthefreeC0groupwhichissyntothe 
cyclohexaae ring rather thaa anri to it for the latter 
is more proximate to the ketal. Thus, more ketal-unti- 
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018 and less 7 are obtained. By the same token the 
free Pnti-ketol is attacked by hydride ion from the 
side syn to the cyclohexane ring (rather than syn to 
the OH), giving hugely the Ut+fDlfidiO~ 4. The Co 
group of the syn-ketol 9 undergoes about twioe as 
much attack from the face anti to the cyclohexane 
ring affording 3:2 as stated above, in the ratio 
63.3%: 37.7%. 

Clearly we could not risk the possibility that 
someone might have the idea that catalytic reduction 
of 1 might occur in a template coordinating both CC 
groups in a manner which would permit delivery of 
H from the lower face of each CO function. If such 
a possibility existed one might pt a very high yield 
of9ascomparedtolOorof3ascomparedto2and 
4. Thus we reduced 1 with Rh/C and Ru/C claimed 
to be the catalysts of choice for the hydrogenation of 
ketones in a neutral or basic medium.’ Our implicit 
hope was unfounded. Mixtures of isomers were ob- 
tained in the ratios recorded in the Experimental. It 
is nevertheless noteworthy that selective reduction of 
only one CO group in 1 may be accomplished with 
Rh/C (II uptake ceases after one CO group is re 
duced) in contradistinction, in this respect, to Ru/C. 
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Ket&ufioa of 1. A mixture of 1 (2.92 g), ethylene glycol 
(4.7 g), and p-tolueneaulfonic acid (0.18 g) in dry benzene 
(15Oml) was heated under rellux with stirring using a 
Dean-Stark water sePamtor for 48 hr. After cooling wash- 
ing with NaOH and with H,O, the solvent was removed, 
affording the his kctal5 (2.84 B; 67%), m.p. 80-81” (hcxanc). 
(Found: M.W. 280.1685. C,,Hs,O, requires 280.1674.) 
IR(CHCl,): 3020-2080 cm -I. ‘H-NMR(CDCl,): 6 3.8 ($ 8 
C&O); 2.0 (s, 8 cyclopentane H); I .7- I .4 (m. 8 cyclobexane 
H). MS: 280 &I+, 100); 224(32); 179(20); 139(47); 162(82); 
113(35). 

Transketalizafion. A mixture of 5 (284g). 1 (1.95 a), 
p-TsGH (0.11 g) in dry benzene (150ml) was heated and 
under retlux as above for 48 hr. AtIer similar workup the 
mixture of 5 and 6 was separated on a column of basic 
alumina (Merck, 70-230 mesh, 19Og), wing ben- 
mne: hcxanc (1:4) as eluant. After a fraction of 5 (0.84 g). 
benxene:hcxanc (2:3) gave 6 (3.96 g; 83%) m.p. 49-50: 
(Found: M.W. 236.1426. C,&l& requires M.W. 236.1412.) 
IR(CHCI,): 34X0-2870. 1745 cm-‘. ‘H-NMR(CDC&): 3.8 
(s, 4 C&O); 2.4-2.2 (m, 4 C&CO); 2.1-1.9 (m, 4 cycle 
pentanc H); 1.6-1.3 (m. 8 cyclohexane H). MS: 236 (M+, 
81); ISO( 179(33); 178(31); 139QtO); 126(78); ll9(2l); 
105(49); 86(100). 

Compund 5 could be separated preparatively from 6 using 
a Varian aerograph instrument with TCD detector, 250”. 
200mA,carriagashdium60ml~anda5’xf”stainkss 
steel column with chromosorb w, 60-80 mesh coated with 
20% SE 30. Injection: 270”. chart speed 200 mm/hr. 6 ap 
oaucd at 21.5min and 5 at 29min. 

I&&&m of6. NaBH, (1.06 g) was added portionwise at 
r.t. with stir&n to a soln of 6 (1.5 a) in dry MeGH (160 ml) 
during 40 min.-Further stirring s continued for 24 hr at 
r.t. After addition of water (15 ml), extraction with CHrQ, 
(3 x 48 ml) and drying (Na#G& removal of solvent gave a 
mixture of 7 and g (1.13 B; 72%). Attempted separation by 
flash chromatography using a column (15 cm x 20 mm dia.) 
of silica (Art 9385. Rieselgel 60, 230-4OOmesh, Merck) 
under N, pressure with EtOAc:hexane (5:4) was not 
e5cient. Nevertheless. pure fractions of 7 (191 mg) and g 
(72 mg) were separated. A larger fraction of 7 + 8 mmained 
(see below). 

Campound 7. Mp. 82-83” @wane-EtGAc). (Found: 
M.W. 238.1578. C&20) requires 238.1568.) IR(CHCl,): 
3620, 2950 cm-‘. ‘H-NMR(CDClr): 4.8-4.2 (br m. CHOH): 

4.0-3.8 (m, 4 Cl&O); 2.4-2.0 (m, 4 Cw<z; 2.0-1.7 

(m. 4 C&CHOH); 1.7-1.3 (m, 8 cyclohexane HT. MS: 238 
(M*. 48k 182(46): lSl(55): 126(27): I IW28): 87(100). 

C&&rmd ‘8. .M.p.‘ 3&35” ‘(hexan&EtGAcj. (Found: 
M.W. 238.1576.) IR(CHCl,); 3620, 2950 cm-‘. ‘H- 
NMR(CDCl,): 4.6-4.2 (br m, CHOH); 4.0-3.8 (m. 

4 C&O); 2.5-2.0 (m, 4 C&C:% 2.0-1.7 (m. 4 

C&CHOH); 1.7-1.3 (m. 8 cyclohexane H). MS: 238 (Mt. 
70); 182(52); 180(20); lSl(44); 126(32); 118(27); 113(38); 
87(100). 

Kerols 9, 10. The fraction of unseparated 7 + 8 (above, 
345 mg) was allowed to stand overnight in a soln of MeGH 
(1Oml) and HCl (5%; 1 ml). ARer workup 9+ 10 (260 mg; 
920%) was obtained. This was separated by Sash ch~+ 
matography on silica (as above) yielding a further quantity 
of 7 (14mg) and of 8 (186mg). 

Compound 9. Gil. (Found M.W. 194.1265. C,sH,,Os 
requires M.W. 194.1306.) IR: 3620, 2950, 1745 cm-‘. 
lH-NMR: 5.s5.0 (br m, CHOH); 2.5-2.2 (m, 4C&CO); 
2.2-1.7 (m, 4 C&CHOH); 1.7-1.4 (m. 8 cyclohexane H). 
MS: 194(M*, 4); 176(40); 137(23); 136(97); 134(27); 133(35); 
119(43); 118(100); 107(24); 105(33). 

Compound 10: Gil (Found: M.W. 194.1417.) IR(CHCl,): 
3620, 2950, 1745 cm-‘. ‘H-NMR(CDCla): 4.6-4.2 (br m, 
I CHOH); 2.5-2.3 (m, 4 Cm); 2.2-1.7 (m, 4 C&CHOH); 
1.7-1.4 (m, 8 cyclohezane H). MS: 194(M*, 16): 176(14); 
136(100); 135(18); 134(21); 119(26); 118(37); 107(M); 
105(20). 

Rc&tion o/ 9. (a) Reduction of 9 (85 mg) with NaBH, 
(41.4mg) as above gave a mixture of 2 and 3 (83.1mg) 
which afforded on column chromatography as described 
previously 2 (30.2 mg; 37.P/,) and 3 (52 mg; 63.3%). m.p. 
139-140” and 159160’. mspectively. (Lit. m.p. 137-139”.’ 
140°zand 163-164” 164’: respectively.) 

(bj Reduction of 9 (73 mg) with LiAlH, (24.5 mg) in dry 
ether (10 ml) during 24 hr at-r.t. and the usual workup gave 
a mixture of 2 and 3 (50 ma: 68.5%. After chromatography 
as above 2 (19mg; ‘37.202) and-3 (32mg; 62.80/J were 
isolated. 

Rea&rioa of 10. (a) Compound 10 (I 86 mg) and NaBH, 
(91 mg) were reacted as above affording 2+4 (166.4% 
88.5%). Chromatography as above gave 2 (34.8 mg; 23.3%). 
m.p. 139-140” and 4 (115.1 me: 76.7%). m.p. 120-121”. 
(Lit. m.p. 120-1220,’ 122-123O.r) 

(b) Compound 10 (51.3 mg) and IiAlH, (15.8 mg) gave as 
above a mixture of 2 + 4 (46.3 mg; 90%). Chromatography 
as above gave 2 (5.4mg; 11.5%) and 4 (40.8 mg 88.%). 

Carolyrle re&tiun o/ 1. (a) The diketone 1 (192 me) in 
dry MeGH (25 ml) was reduced under pnssure (4 atm) with 
Rh (5% on carbon; 4OOmg) during 4.5 hr at r.t. After 
workup the NMR spe&um of the mixtum showed the 
nresence of 9 and 10 in the ratio of 1:1.2. Only one CG 
-group was reduced. 

(b) Compound 1 (192 mg) in dry MeOH (25 ml) was 
reduced under pressure (4 atm) with Ru (5% on carbon; 
400mg) during- 4.5 hr at r.t. After workup the NMR 
snectrum of the mixture showed the pmence of2,3and4 
J the ratio of 1.13: I: 1. 
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