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ABSTRACT

The utility of Grubbs’ 2nd generation metathesis catalyst has been expanded by the development of two tandem olefin metathesis/oxidation
protocols. These ruthenium-catalyzed processes provide cis-diols or o-hydroxy ketones from simple olefinic starting materials.

The introduction of well-defined ruthenium complexes, such tion vessef The net result can be unique functional group
as1-—5 (Figure 1), has helped to establish olefin metathesis transformations that previously required several independent
reactions to accomplish. In this regard, these tandem catalytic
processes offer new opportunities for the preparation of
complex molecules in a more cost-efficient and environ-
mentally friendly manner. Recent examples of tandem
catalysis by metathesis-active ruthenium complexes include
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Figure 1. Commercially available metathesis-active ruthenium
complexes.
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Recently, Plietker and co-workers described RuCl | A
catalyzed oxidations of olefins to generatés-diols or Table 2. Tandem Ring-Closing Metathesis/
a-hydroxy ketones depending on the reaction conditions o.ketohydroxylation
used. In situ formation of the oxidative species, Ru@ing
NalO, and a Lewi8 or Brgnsted acitiafforded diols in high £< 2 QI Oxone®, NaHCO, o) OH

ield, whereas treatment with Oxone and Na vided : q + Q:
)(;-hydroxy ketoneg? In light of this useful tra:!;(fr(?)mation, R Fl0Ae {R FIOAc, MeCN, H0p™>on g0
we envisioned that it should be possible to modify a entry diene product yield
ruthenium alkylidene in situ to effect similar oxidations after {regioselectivity)
completing a metathesis reaction.

Initially, we examined the ability of ruthenium alkylidenes (1) Ts

1—-5to catalyze the tandem ring-closing metathesis (RCM)/
o-ketohydroxylation reaction sequence. On the basis of
Plietker's observations, the ketohydroxylation was performed EtO,C EtO,C
in a 6:6:1 mixture of MeCN/EtOAc/ED in the presence of EtO,C
Oxone, NaHC@, and 5 mol % of the ruthenium catalysts.
As indicated in Table 1, the best results were found when
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Table 1. Ruthenium Catalysts for-Ketohydroxylation _ OH
1. Ru catalyst 4 EtO.C EtO,C 46%2
. Nf\/ EtOAc, rt N 0 @ moc N Et0,C o
B) S
2 Oxone® NaHCO; OH 12 13
EtOAc/MeCN/H,0 P o)
6 7 EtO,C EtO,C .
6 E0C EtO,C OH 51%
time 14 Me 15 Me
entry catalyst (RCM; oxidation) yield _ o
EtO.C EtO,C
(1) 1¢ 3 h, 2h 22% (6) ETOzc E1O.C OH 530/°b
2) 20 1h; 10 min 61% COMe 2 COMe
3) 3¢ 3 h; 10 min 40% 16 2 17 2
(4) 40 1 h; 10 min 45% P o
() 5¢ 1h; 10 min 45% - Et0,C EtOzC>CE 4290
(6) 20 1h; 10 min 65% Bt0,C EtO,C OH °
18 Ph 19 Ph
aConditions: Ru catalyst (5 mol %), rt, [0-D.2 M in EtOAc]; NaHCQ,
Oxone, MeCN/HO (6:1).P Conditions: Ru catalyst (10 mol %), rt, [0-1 OBz 0Bz

0.2 M in EtOAc]; NaHCQ, Oxone, MeCN/HO (6:1).
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alkylidene2 was employed as the ruthenium source. Further 20 21

optimization showed that increasing the catalyst loading of

2 to 10 mol % improved the yield slightly to 65% for the " aC(%\lc;nd(i;iogi: 2 ésc moclj ‘;AJ) f, 2[0.1160.2 ll\{l)/in EttOE)Mi]; r(\)la;HﬁQ, I(E);g:e._

tandem process (Table 1, entry 6). N§HCQ"',20)((O}]E)); Meoanl/rlg%]S(kszl(). mol %), 1t, [0.1-0.2 Miin cl;
Following these observations, the RGMKetohydroxy-

lation of other olefinic substrates was studied; these results

are reported in Table 2. When the dienes were treated with

5 mol % of Grubbs’ 2nd generation catalysh ethyl acetate,

the RCM was complete within 1 h. The reactions were then

diluted with MeCN/HO and treated with NaHC{and

Oxone. The oxidation was rapig-(0—20 min) and provided

the a-ketohydroxylated products in 451% overall yields. tuted olefins, such as in entries—3 (Table 2), lead

It was observed that the oxidation of ur?symmetrical sub- sejectively to the corresponding tertiary alcohol-containing
strates led to a mixture of regioisomers; for example, the products in 42—53% yields.

a-ketohydroxylations shown in entries 3 and 8 of Table 2

occur with only 2:1 regioselectivity (major product shown).
As described in entry 8, however, the reaction can proceed
with high diastereoselectivity when a stereocenter is proximal
to the olefin (only one diastereomer observed'ByNMR

for the major regioisomer). Finally, oxidations of trisubsti-

Given the success of the tandem RGMdetohydroxyla-
tion sequence, the strategy was expanded to include cross-

(7) For a similar contribution, see: Beligny, S.; Eibauer, S.; Maechling,

S.: Blechert, SAngew. Chem., Int. E®006,45, 1900. metatheses (CM). Initial olefinic reaction partners were
Eg; E:ie:ter, g.; “!ggemann, % Orsﬁ- t(tihzeorgg%%é;géﬂoz chosen to afford the corresponding CM products in good
ietker, B.; Niggemann, rg. Lett. ,5, . . L . .
(10) (a) Plietker, By Org. Chem3003, 68, 7123, (b) Plietker, BJ. yield andE/Z selectivity!! Screening of the CM conditions
Org. Chem2004 69, 8287. (c) Plietker, BEur. J. Org. Chem2005 1919. indicated that performing the metathesis in LOH with a
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1:2 mixture of olefins gave the desired CM products in as a further extension of this methodology. Recently, Blechert
excellent yield. For the ketohydroxylation step, the excess and co-workers reported a similar findiAgn our case,
cross-metathesis partner and solvent were removed in vacudowever, the method was made more practical by eliminating
prior to addition of the oxidants. The results of this study the need to change solvents and, for several examples,
are summarized in Table 3. The yields for the tandem processprovided the diol products with improved yields.

On the basis of our results from the metathesis/
ketohydroxylation studies, optimization of the metathesis/

Table 3. Tandem Cross-Metathesis/a-Ketohydroxylation dihydroxylation conditions was performed with alkylidene
NP Sxaf(‘:e(“jv 0 OH 2. After completion of the RCM step, the EtOAc solution
P m{m/\/“z}ﬁ R1)J\(R2 + R1/S(Rz containing the metathesis products was added to a stirred
RIS zre MeCN, ﬁ’zo OH o) suspension of the preformed Ce(M)eriodato complex in
ontry olefin 1 el 2 oroduct Jield a 6:1 mixture of MeCN/.IQD. This cpmplex was formed by
(2 equiv) (regioselectivity) the treatment of 1.5 equiv of Nal®ith 10 mol % of CeCJ:
o 0 O 7H,0. It was observed that the reaction was rapidQ—20
(1) O/\ VJ\OME OMe  66% min) and provided the desirexs-dihydroxylated products
OH (1:1) in 63—81% yields (Table 4). Control experiments showed
22 23 24
o 0O O
@ Ao Soye w0 Howe 52 |
4 4 € (1.51) . . .
o5 o3 OH o Table 4. Tandem Ring-Closing Metathesis/Dihydroxylatton
o) o o J 2 g CeCls, NalO, OH
NS S 5 o zone (L
OMe  Pn o OMe  @u1) R ° IR MeCN, H,0 R~ OH
27 23 28
(0] o o entry diene product yield
N VLOM (regioselectivity)
Me HO Me ° ~= OH
(1) TsN TsN\tr\ 63%
22 29 30 NN oH
o o o 34 35
0, / OH
® A0y~ \()kOMe ACONOMe 6% @ TsN& Tsr\(I 69%
Me HO M
25 29 5 ° a1 a6 = 37 OH
s N OH
© P 9T\ Ph)SACI 47% 3)  TsN TsN 65%
27 32 OH 33 6 38 OH
= OH
a Conditions: 2 (10 mol %), rt, [0.1-0.2 M in CH,Cl]; NaHCOj, Oxone, (4 EOL EtOC 67%
EtOAc/MeCN/HO (6:6:1). EtO.C x EtO.C OH
8 39
. OAc OAc
ranged from 49 to 76%, and like the RCM examples, the P _OH
regioselectivity of the oxidation was generally low. It was 5) ‘ gg‘.’/;
proposed that the mixtures observed were due to a selective a0 Y a1 “OH (e2:1)
oxidation followed by an |somer|z_qt|on of th_e resultMgto OBz 0Bz
esters under the reaction conditions. This supposition was _ OH
supported by a control experiment, where purifjgdeto (6) ‘ 81%
ester 24 was shown to equilibrate to the corresponding A ““OH
regioisomer under the basic oxidation conditiéh@n the 20 P 42 on
other hand, entries 4 and 5 of Table 3 indicate that cross- o o@
metatheses with methyl methacrylate, which lead to a (7 N oH 2;3,;/‘;
trisubstituted olefin, afford thei-hydroxy ketone products 3 O 4 ’

with high selectivity. Entry 6 illustrates that the tandem cross-

metathesis/oxidation afis-1,4-dichloro-2-butene (32) with TN TsN OH

styrene (27) provided selectively ketohydroxy isorB8c CL
Plietker and co-workers have also recently described a

RuCk-catalyzed dihydroxylation of olefinsIn this report, MeO 45 MeO 46

the treatment of an olefin with Rug€lnd NalQ in the

presence of either a Brgnsted or Lewis acid provided the .~/ qiions: 2 (5 mol %), r, [0.1-0.2 M in EtOAC]: NalQ,

desiredcis-diols in good vyield. Given this observation, a ceCk-7H,0, MeCN/HO (6:1).

tandem olefin-metathesis/dihydroxylation was investigated

77%
OH (7:1)
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Table 5. Tandem Cross-Metathesis/Dihydroxylation

OH
+ \/RZ 2 R/\/Rz CeClg, NalOy R)\l/R2
RN CHyCly | ! EtOAcC, 1
MeCN, H,0 OH

entry  olefin 1 olefin 2 product yield
o OH O
SN
) \)J\OMG OMe 77%
22 23 OH 47
o OH O
AcO AcO 9
@ ~ /A V]\OMe ¢ WJ\OMe 56%
25 23 OH 48
0 OH O
SN
(3) O/\ %OMG WOMe 50%
HO Me
22 Me oq 49
o OH ©
@ Aoy %OMe ACOMMOMe 76%
25 Me 5 HO Me o
o OH O
® P A ove Ph)\l)J\OMe 56%
27 23 OH 51
o OH O
6 HO HON 54%
® R \)J\OM . f OMe
52 23 OH 53
OH
U T A cl 42%
27 32 OH 54

aConditions: 2 (5 mol %), rt, [0.1-0.2 M in CHCIy]; NalOy,
CeCk-7H,0, EtOAc/MeCN/HO (6:6:1).

represented by the results shown in entries 5 and 6, the
reaction also displays high diastereoselectivity when a nearby
stereocenter is present. With more remote stereogenic centers,
the diastereoselectivity of the dihydroxylation is reduced (3:2
for entry 7 and 7:1 for entry 8, Table 4). The relative
stereochemical assignments of the dihydroxylated compounds
were determined by nOe studies on the corresponding
acetonide derivatives.

The tandem olefin metathesis/dihydroxylation was also
extended to include cross-metatheses. The data in Table 5
demonstrate that a variety of functional groups including
aliphatic and aromatic olefins are viable substrates for the
tandem CM/dihydroxylation reaction sequence. The CM step
of the tandem process can be performed in a variety of
solvents. For example, reaction of vinylcyclohexa?® and
methylacrylate (23) in EtOAc gives didl7 in 49% isolated
yield; in CH,Cl,, the diol is isolated in 77% yield, and when
the reaction is run in the absence of solvent, the diol is
isolated in 19% yield. These reactions could be made even
more operationally simple, therefore, by performing the
metathesis reaction in EtOAc instead of in .13 As was
the case with the ketohydroxylations, trisubstituted olefins
are acceptable in the dihydroxylation step. Entries 3 and 4
in Table 5, for example, indicate the formation of these more
hindered diols in 50% and 76% yields, respectively.

In summary, two new ruthenium-catalyzed tandem trans-
formations for the generation ofhydroxy ketones andis-
diols have been developed. Owing to its ease of use, this
methodology will allow access to important oxygenated
intermediates in a more cost-effective and environmentally
friendly manner. Additional studies to extend further the
scope and utility of these tandem transformations are
underway.
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