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We wish to describe a convenient method for the
oxidation of certain vicinal diols to a diketones, based
on the ruthenium-catalyzed transfer-hydrogenation
reaction reported by Sasson and Blum.t a diketones
are of value as precursors of acetylenes and dioximes.
Hgrvever, despite interest in substances containing the
a-diketone moiety, practical synthetic entries into this
class of compounds are restricted to the oxidation of
acyloins{ and a-halo ketones5 using metal s&lts or di-
meth-'-i sulfoxide, oxidation of ketones rvith selenium
dioxide,B and oxidation of olefins rvith potassium per-
mangenate.T Although in principle vicinal diols u-ould
appear to be attractive a.s precursors of a diketones, in
practice the direct oxidation of vicinal diols produces c
diketones oniy in erratic yields.E

The procedure described here involves the transi-
tion metal catalyzed transfer of hydrogen from the diol
to a suitable olefinic hydrogen acceptor. Exploration
of several metall ic cetalysts and hydrogen acceptors
(Trbie I) suggests that the combination described by

Sasson end Blum, tris(triphenl' lphosphine)ruthenium
dichloride and benzalacetone, is the most effective, al-
though the reection appears less sensitive to the hydro-
gen acceptor than to the catalyst. At lorv conver-
sion of 1,2-cyclododecanedioi (l) to 1,Z-cyclododecane-

-nJo 3
I I + 2PhCH,CH2CCHT-l-J^o

2

dione (2), an appreciable quantity of a-hydroxycyclodo-
decanone (3) can be detected in the reaction mixture;
3 is itseif smoothly oxidized to 2 under the reaction

conditions. Thus, we presume that the overall con-
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9,I0-Dihydroxvstearicacid 9,I0-Diketostearicaeid
a-Hydroxycyclododecanone 2

'Unlegs noted otherwise, teaclions were carried out using the following strrting concentretions: [dioll, 0.2 .f1; [hydrogen occepror],
1.0 I/, lctlalysll, 0.002; M. Tetrshydrofuran wa": used ss solvent; the reection temperatrue wrs l0;'. Yields sere obtsined b\,
glpc. t lsolated yield; 1,2-bis(2-methoxyethory)ethsne was used as solvent
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version of I to 2 proceeds in an unexceptional t\\ 'o-stage
oxidat ion through intermediate 3.

The advantage of this procedure for the preparation
of a diketones l ies in i ts s impl ic i ty and in i ts avoidance
of thc reective oxidents s,nd strong Lervis acids em-
plo,ved in ccrtain of the other syntheses of these eom-
pounds; i ts pr incipal  d isadvantage is the high tem-
perc,ture at n'hich the reaction is c&rried out. Horvever,
perheps because the reactions are ca,rried out under
neutrcl conditions, it has proved possible to obtein
good yields of  certain a diketones ( in part icular 2,3-
butanedione and 1,2-cyclohexanedione) that cannot be
obtaincd in satisfactory yields by the most convenient
of these alternative Drocedures.T

Experimental Sectione

General  Methods.-Unless olherwise speci f ied,  a l l  reagents
were obtained commercia l ly  and were used wi thoul  fur ther pur i -
f icat ion.  Tetrahydrofuran was dr ied by dist i l la t ion f rom sodium
benzophenone kety l  under a n i l rogen atmosphere.  The 1,2-bis(2-
melhoxyethoxy)ethane used was pur i f ied by dist i l la t ion f rom
ealc ium hydr ide under a n i l rogen atmosphere.  The fo l lowing
eommercia l  catalysLs (sources) were used: (PhrPhRuClr  and
(PhrP) r I rCOCl  (S l rem Chemica l  Co) ;  (PhrP)3RhCl  (A lpha
Ino rgan ics ) ;  Pd /C  (Enge lha rd ) .

General Procedure for Small-Scale Reactions.-Procedures
simi lar  to thai  descr ibed for  the conversion of  c is-1,2-cyclodo-
decanediol  to 1,2-cyclododecanedione were fo l lowed for  a l l  of  the
smal l  scale oxidat ions descr ibed in Table I .  A mlxture of  16 me

(9 )  Do i l ing  po in ts  a re  uncor rec ted .  I r  spec t ro  l vere  tgken in  sod ium
ch lor ide  ce l l s  us ing  a  Perk in -E lmer  Mode l  237-8  spec t rophotometer .  Mass
specra  rvere  de termined on  I  H i tsch i  Perk in -E lmer  R l lU-6D mass spec-
t rometer .  Produc t  mix tu res ' rvere  ana lyzed by  g lpe  on  an  F  & l I  N Iode l  810
fl  ame ionizetion instrumenr,.
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Ta-BLp I

Oxrnerrou or Vrcrver, DtoIs ro a DrrrroNEsa

Timc,  -  Y ie ld ,
Hydrogen rcccptor hr %

Benzalacetone 6 53
20
I4
7
4

Chalcone 48
Nlesityl Oxide 34
l-Docosene 20
Benzalacetone l0 78 (50)b

r0 100
|  , 7 4
1 8 5
4 70 (40)b

Cetalyst

(PhPhRuCh
(PhiP)3RhCl
(PhcN ),Pdcl,
(PhsP)rIrCOCl
Pd/C
(PhsP)sRuCL

(0 .01 i  mmo l )  o f  c i . s -1 ,2 -cyc lododecrned io l ,  3 . - r  mB (0 .24  mmol )  , r t
benza lace tone ,  I  mg  (0 .001  mmol )  o f  t r i s ( t r i pheny lphosph ine r -
ruthenium dichlor ide,  end 0.4 ml of  tetrahydrofuran was ser let l
under  a  n i t rogen  a tmosphere  in  a  4 - in . ,  5 -mm Pyrex  tube .  The
lube was placed in an oi l  bath,  maintained at  lg i ro for  l0 hr ,
wi thdrewn, and cooled.  An in lernal  standlrd was then added t , r
the reacl ion mixture,  and the mixture was analyzed by glpe usrnq
a  UC-W{) t l  on  Chromosorb  W co lumn.

Oxidat ion of  c is-1,2-Cyclododecanediol . -To a mixture of  l0 q
(0 .0 ;  mo l )  o f  c i s -  l  , ! - cyc lododecaned io l ,  14 .6  g  (0 .1  mo l  )  , r f
benz r lace tone ,  and  0 .2  g  (0 .0002  mo l )  o f  t r i s ( t r i pheny lphosph ine  , -

ru lhenium dichlor ide wa^s odded i . l  ml  of  f reshly d ist i l led t , i -
b is(2-methoxyethoxy)ethane, end the resul l ing solut ion wiL.s

heated under n i t rogen ei  195".  The colr rse of  the re&ct ion wl^s
moni tored by glpc ( the end of  the rea<:t ion wa^s indicated b1' the
disappearance of  benzclacetone f  rom the react ion mixture r .
Af ter  10 hr ,  the react ion mi. r lure wa^s cooled,  poured into 300 nr i
o f  wa te r ,  and  ex t rac ted  w i rh  l 0 ( )  m l  o f  e the r .  The  e the r  so lu t i on
was dr ied and concentrated,  end the residt te was dist i l led throrrqh
e 10-cm vacuum-jacketed sta in le-*s steel  spinning-band colunrrr
to y ie ld ,> g ( i07o) of  l , . l -cv, : lododecanedione having bp 93-10{) '
(1 . , - r  mm)  f l i t . t o  bp  100"  (1 .5  mmt l  and  rn  i r  and  a  m&ss  spec tn r rn
indisr inguishable f rom those of  an authent ic  sample.rr '12
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oxygeo.  Thus ,  these ox ida t ions  shou ld  be  csr r ied  ou t  w i th  care fu l  exc lu -

s ion  o f  oxygen.
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