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1,3-Diol synthons, protected as acetonides or benzylidene acetals, may be synthesized efficiently from homoallylic alcohols and acetone or
benzaldehyde by oxymercuration of the derived hemiketals and hemiacetals with HJCIOAc. The use of catalytic amounts of Yb(OTf); is crucial
to the success of the reaction, which was determined to be reversible.

As part of our laboratory’s ongoing development of new and benzylidene acetal products are considerably more labile
methods for the synthesis of (1,3,5...)-polybls,common to acidic hydrolysis than propylidene acetals, we decided to

structural motif in biologically active natural produétsye revisit the reaction with acetone and benzaldehyde in the
recently reported a diastereoselective oxymercuration of expectation that success would render the reaction more
homoallylic alcohol-derived hemiacetals (Schemé& 1.this generally useful.

Treatment of homoallylic alcohol with acetone and

I, HgClOAc3for 2 h atroom temperature (RT) resulted in

Scheme 1 only partial conversion to a-1:1 mixture of acetonide

Et (Scheme 2)!H NMR analysis of the unpurified reaction
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reaction, a homoallylic alcohol is added to a mixture of a T Me” TMe 3 A HgCl
mercury (ll) salt and propionaldehyde to furnish diastereo-
selectively the depicted organomercury chlorides. During this 10 mol% Me _Me
study a significant limitation was noted in that the reaction OQLOKH/\ . Q Yb(OTfl;  OBn 0”0
is not successful when acetone or benzaldehyde is used in 17 Me” "Me HgClOAc HgCl
place of propionaldehyde. Since the corresponding acetonide 0°CtoRT 46%  2-syn
(1) Leighton, J. L.; O'Neil, D. NJ. Am. Chem. S04997,119, 11118 . o
11119. (b) Sarraf, S. T.; Leighton, J. Tetrahedron Lett1998,39, 6423— mixture showed significant amounts of unreactedand
6426. (c) Leighton, J. L.; Chapman, B. Am. Chem. Socl997, 119, veral m ition pr Th | ishn f thi
12416—12417. (d) Sarraf, S. T.; Leighton, J.Qrg. Lett.2000,2, 403— s€ e.a decq position p o.dUCtS.' e .SUgg shness of this
405. (e) Zacuto, M. J.; Leighton, J. . Am. Chem. So2000 122, Articles reaction relative to the reaction with propionaldehyde seemed
AS(AZ)PiR’AUI?USt 1k9, 28008.Ch Reu1095.95. 20212040 attributable either to the presumably far lower concentration
ychnovsky, S. em. Rev ,95, - . : -
(3) Bowmaker, G. A; Churakov, A. V.; Harris, R. K.; Oh, S.-W. of hemiketal or the presumably slower rate of hemiketal
Organomet. Chen998,550, 89-99. formation, allowing other pathways to compete. This sug-
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gested to us that a simple solution might be to activate the diminution in the yield of4-syn(entry 8), whereas the use
acetone with a Lewis acid, which might be expected to of 0.1 mol % of catalyst led to a lower yield of a 1.5:1
catalyze hemiketal formatiohThe Lewis acid would have  mixture of diastereomers (entry 9). Although in many cases
to be relatively mild to be compatible with the many less than 5 mol % of catalyst may effectively be used, we
functional groups present in the reaction mixture, and we settled on 5 mol % as the standard value for maximum
thus chose to focus on lanthanide triflatdadeed, treatment  efficiency and yield.

of alcohol 1 in acetone with HgCIOAc and 10 mol % of With optimal conditions identified, an examination of the
Yb(OTf); (20 min at 0°C, then 1.5 h at RT) provided scope of the reaction was undertaken (Table 2). In every
organomercury chlorid€-syn in 46% yield and>20:1

diastereoselectivity as judged B NMR analysis of the _

unpur?fie.d r?aCtion mi?(ture. _ . Table 2. Yb(OTf)s-Catalyzed Oxymercuration of Homoallylic
Optimization experiments with homoallylic alcohdl Alcohol-Derived Hemiketals and Hemiacetals

revealed that the use of HgCIOAc consistently gave better
results than the Hg(OAg)salt metathesis protocol (entry 1 OH 0
vs entry 2, Table 1). Concentration proved to be a critical :

Hs, Hs

)J\ 1.1 equiv HgCIOAc o 0

: 5 mol% Yb(OTf)s i HgCl
+ PRI R g
R1/}(R\ R{ "Rs 20 min at 0 °C, H1/\(\/

R: Rs then 1.5 h at RT R2 Rs
. entry A, R R  R: Rs yield (%"

Table 1. Optimization of the Yb(OTf}-Catalyzed

. . . 1 Bu H H Me Me 85
Oxymercuration of Homoallylic Alcohol/Acetone-Derived
I y 2 BnO(CHy), H H Me Me 85
Hemiketals .
3 +BuMe,SiO(CHg),  H H Me Me 76
Me Me 4 iPr Me H Me Me 72
OH )OL 11equivHgCloAe & 9 5 FBUPNSIOCHs), H  Me Me Me 83°
RJ\/\ * Me” “Me MO 0°Clo BT AA~_-HgCl N - B
M(OTf)3, 0 °Cto RT R 6 (E)-i-PrCH=CH H H Me Me 54
1, R = BnO(CHo)» 2-syn, R = BnO(CH,), Me Me
3.R=/iBu 4-syn, R = iBu oo
] R 7 EE- H H Me Me 60%¢
entry substrate M {mol%) [alcohol] (M) yield (%) nPent” >N
1? 1 Yb (10) 05 M 8 n-Oct H H Ph H 86
2 1 Yb (10) 0.5 46 9 (E)-+PrCH=CH H H Ph H 68°
3 1 Yb (10) 0.125 85 “Isolated yield of purified product. In every case, except where noted,
4 1 Sm (10) 0.125 78 the diastercoselectivity was >20:1 as judged by 'H NMR analysis of
5 1 La (10) 0.128 85 the unpurified reaction mixtures. *11:1 diastereoselectivity; 3 h at RT.
6 1 Yb (5) 0.125 85 “Reaction performed at -78 °C to RT. “Reaction run at 0 °C.
7 3 Yb (5) 0.125 85 ¢10 mol% Yb(OTf.
8 3 Yb (1) 0.125 83
9 3 Yb (0.1) 0.125 64°
“Isolated yield of Puﬂﬁeﬂ product. In every case the diastereoselectivity case except entry 4 the diastereoselectivity was found to be
was >20:1 as judged by "HNMR analysis of the unpurified reaction >20:1 as judged b}}H NMR analysis of the unpurified

mixtures. °1.1 equiv Hg(OAc),, followed by treatment with aq. NaCL.

o | ; reaction mixtures. Simple alkyl, benzyloxy, and silyloxy
Yield of a 1.5:1 mixture of diastereomers.

groups are well-tolerated (entries 1, 2, and 3). Byth-and
anti-disposed allylic methyl groups are tolerated (entries 4
) _ ) and 5), albeit with a small drop in diastereoselectivity (11:
factor as the yield o2-synrose to 85% simply by dropping 1y and yield (72%) for thesynsubstrate. Substrates bearing

the concentration of in acetone to 0.125 M (entry 3)it an allylic double bond (entry 6) or another acetonide (entry
was also discovered that the use of Sm(Q&f)d La(OTf} 7) can be tolerated when the reaction is maintained°a,0

as catalyst gave comparable results to the use of Yb(OT) 5ithough the yields were moderate in these cases. The

(entries 3, 4, and 5). Optimization of the catalyst loading giminished yields for entries 3 and 7 may be attributed to
was cgmed out with homoallylic alcoh8l(entries 7, 8, a’?d the acidic nature of the reactions, as these substrates carry
9). With 1 mol % of catalyst there was only a slight 4¢iq-|abile protecting groups, whereas the low yield for entry

6 is at present not well-understood, in that there is no
(4) Brgnsted acid catalysis (usually perchloric acid) has been reported P

for oxymercurations with hemiacetals and hemiperacetals. See: (a) Kitching, €vidence for reaction of the allylic alkene in thd NMR

W.; Lewis, J. A.; Fletcher, M. T.; De Voss, J. J.; Drew, R. A. I.; Moore, C.  spectrum of the unpurified reaction mixture. Finally, we have

JShJar?hAeBncSh%% %giff“cigmf"ggg?ﬁfgg; %i%_(g)élg_'(zg)‘jgl‘éggwﬁhﬂf also briefly investigated the Yb(OTfratalyzed formation

A. J.; Tallant, N. A.J. Chem. Soc., Chem. Commu892, 428—429. (d) of benzylidene acetals using benzaldehyde in place of acetone

E‘é%%d‘é’l"g”g?é i.é%gtis, R.J.; Spencer, M. D.; Tallant, N.-Tetrahedron  (entries 8 and 9). In these cases the best results were obtained
(5) For an excellent review on the utility of lanthanides in organic With only 3.0 equiv of benzaldehyde. Under these conditions,

;ynthfsész, glzcluztzi%ng 8their use as Lewis acids, see: Molander, Gham. a more efficient reaction takes place with the diene substrate
ev. ,92, . - . . . 0
(6) This finding contrasted our previous results (ref 1d) using propion- (?ntry 9), g.IVII’lg the benzylidene acetal in an improved 68%
aldehyde, where higher concentrations gave better results. yield (relative to entry 6).

3198 Org. Lett., Vol. 2, No. 20, 2000



We have examined more closely the reaction of homo- |

allylic alcohol 3 and acetone under the standard conditions Scheme 4
of Table 2. Surprisingly, the alcohol is completely consumed Me Me Me Me
within 2 min at 0°C. At this point a~1:1 mixture of the OH 5 mMol% o oo
products4-syn and 4-anti may be isolated in 85% yield pr Sy POTs = Wgol+ A _A_HgCl
(Scheme 3). This result indicated that the oxymercuration e  H9CIOAc FPT™ R
acetone, Me Me
5 -30 °C, 2 min 6-anti 711 6-syn
Scheme 3 reaction. One possibility is that the Yb(OZfeads to rapid
5 molo. Me Me Me Me formation of the Yb-alkoxide of the hemiketal (Scheme 5).
oH Yb(OTh; 070 070 Rate-determining (and nonselective) mercurinium ion forma-
Bu” "X HgCIOAC, ,_Bu/\)\/"'gc' TN e tion is then followed by fast oxymercuration of the Yb-
eD i Aanti 85%, 1 ds  d-syn alkoxidel® In this scenario, the role of the catalyst is to
greatly increase the rate of, and thereby render reversible,
Me Me . .. . .
5 mol% Yb(OTf)s 0)40 the oxymercuration step. This is plausible in that a Yb-
6:1 mixture of - 10 mol% HoCIOAS C I alkoxide might be expected to be more reactive than a
-anti:4-syn AcOH, acetone By T~ hemiketal-OH.
93% 4-syn
. . . . Scheme 5
event is reversiblé and the observeslyndiastereoselectivity Me Me
is the result of equilibration to the thermodynamically more OH o] gé?gl;%;) oo
. . . . - 3 C
stable prc_>duct after a kinetically nonselect!ve _cycllzaﬁqn. RN Y Me” Me “hgoioae 2 wga
To establish conclusively whether the reaction is reversible, 0°C to RT
a 6:1 mixture o#4-anti:4-synwas subjected to the conditions it i
i i Me M
present at the end of a typical reactlon_ (10 mol % of Me Me e><e/YBLn Me Me
HgCIOAc, 5 mol % of Yb(OTf}, and 1 equiv of AcOH in OXO/YbL,, o 0 OXO/YbLn
acetone). From this reactighsynwas isolated in 93% yield. /\/\ ? R/\/+\ = /E\)\/HgCI
Control experiments where HgCIOAc, Yb(OZ,fand AcOH R + L R

were added in every possible combination tel mixture
of 4-anti:4-synin acetone showed that Yb(O%falone is
necessary for the equilibration, although the rate of equilibra- Lanthanide triflates are mild and efficient catalysts for the
tion was greatly increased when AcOH was also prelent. oxymercuration of homoallylic alcohol-derived hemiacetals
An interesting consequence of the reversibility of this and hemiketals. The reactions are rapid, highly diastereo-
reaction is the possibility that different diastereomers may selective, and furnish good yields of protected 1,3-diol
be selected for based solely on reaction time. That this is synthons. The reactions are reversible, and the diastereo-
feasible was demonstrated by subjection of alcdhial the selectivity results from equilibration to the thermodynami-
standard reaction conditions, except quenching after only 2 cally more stablesyn products. Further studies to expand
min at—30 °C (Scheme 4). This procedure produced a 7:1 the scope of this process and examine its applicability to
mixture of 6-anti:6-synwhereass-synis the major product ~ synthetic endeavors are in progress.
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