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Highly Stereoselective Hydroformylation of Olefins Possessing Chiral Sugar Templates
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Abstract: Hydroformylation of 1,1-disubstituted olefins possessing BnO 1) dimethyl- BnO 1) EVE,

chiral sugar templates gafesubstituted aldehydes in good to excellent Bno% dioxirane BnO Q pTsOH

yields with up to 99% diastereoselectivity. BnO = ) AcOH, ELO OO AN 2 KeCOq
71% 7 OAc ~ MeOH

The stereoselective introduction of a formyl group to olefins is an

important goal in synthetic organic chemistr))//, a?s thz formyl group can Y (COCI)Z pMSo B,?go o

be used for further functionalization of the molecule. Many methods 4) pTsOH, MeOH BnO

have been developed for the stereoselective synthefisutfstituted 46% 9 HO "0

aldehydes? as chiral building blocks for several important classes of MaBr BnO

natural products. Many of these syntheses involve 1,4-addition of 1) =§g B0 o

nucleophiles tox,B-unsaturated aldehyde&sor their equivalents.In 2) EtySiH, BF4*OEt, Bno

devising a new catalytic process for the stereoselective and facile 99% HO

synthesis ofpB-substituted aldehyde®, hydroformylatiod of 1,1- 10

disubstituted olefind should provide an effective alternative appro‘éch. Scheme 2
It has been reported that the diastereoselective hydroformylation of 1,1-
disubstituted allylic alcohols gawbreo- and erythro-hydroxyalkanals

in a ratio of up to 82 : 1BHowever, it is generally difficult to achieve
high stereoselectivity in the hydroformylation without introducing a
catalyst directing group into the substrdtdswas conceived that 1,1-

The resulting substratekla - e were subjected to hydroformylation
using 10 mol% of Rh(CQjacac) as the catalyst. A toluene solutions of
the Rh catalyst and substrafelsa - e were heated in an autoclave under
. . ' . . . 80 atm of syn gas (¢} CO = 1) at 80 °C for 48 h. The hydroformylation
disubstituted olefingl possessing a sugar moiety might be very useful yn gas ¢ . ) . y. yiatl
. ) roceeded smoothly to give the corresponding aldethi2igsexcellent
substrates for the stereoselective hydroformylation, as th

. . ields and with high 9-selectivities of up to 99% The results are
stereochemical outcome of the hydroformylation would be controlle
hown in Table 1. It was found that the protecting group at the C-2
by the bulky sugar substituent adjacent to the olefin and sugar

derivatives have been extensively used as chiral svathons in t gldroxyl group exerted an influence on the diastereoselectivities of the
y Y rhydroformylatlon Wherilla without protective group was employed

P etoormyiaion o L oubeiired otiposscsana chra suger &-122 &NEB-128 were fomed n an &3 17 rat. Prtecon o te
y y P g g alcohol with pivalatellb, benzoatd 1c and acetateld improved the

E:eaTaFIJIEZtcesIsr1tr?enS|sef(§Cst3lt?st|rt?§:jogl dfeC: é: highly diastereoselective dlastereomerlc ratios to 90 : 10, 97 : 3 and 98 : 2, respectively, favoring
ylue sy y the © configuration. The hydroformylation of the TBS etldre in

R PN which onlya-12€! was obtained, is extremely noteworthy.
Hg/CO « M R X _CHO
CHO ™ g X~ Table 1

TRy
H,/CO

2 3
1, 4-adduct equivalent of enals BrO (1 1, 80 atm) B"OO (S
fé . Rh(CO),(acac)
o NI RZM e o
o] o] " foluene . BnO
R,0O R-0 . 11aR= H . -
ﬁgo/g& &0 CHO 11b R = Piv 80°C,48h g4 o i

R,0 R20 11cR=Bz BnO ’ CHO
4 5 11dR=Ac oR
) 11e R=TBS B-12
chiral sugar template

Scheme 1 Substrates Yield (%) 012 : B-12
11a 81 83 : 17

At first, we examined the hydroformylation of 1,1-disubstituted olefins Hb g; gg : ;0

. . . . . [ :
possessing a methyl group and a glucose moiety with various protective 11d 99 98 :
groups at the C-2 position in glucose. The substrates for the e 99 >99:<1

hydroformylation were prepared as shown in Scheme 2. Epoxidation of

D-(+)-glucal tribenzyletheb, which was obtained from commercially

available D-(+)-glucal triacetate in two steps, with dimethyldioxirane inThe relative stereochemistries were assigned for the prod@dby
acetone at 0 °€ followed by acetolysis of the resulting epoxide gave transformation to the lacton&3!! and subsequent NOE experiments
the acetat@ in 71% yield. Protection of the C-2 alcohol with ethyl vinyl (Figure 1). The observed independence of the diastereoselectivity on the
ether and deacetylation of the resulting product wijE®; in MeOH nature of protective group at C-2 seemed to indicate that a
afforded the lactoB. Swern oxidation 08, followed by removal of the  conformational preference inherent to the 1,1-disubstituted olefin might
ethoxy ethyl group with p-TsOH gave the lact@rie 46% overall yield  be the origin of the observed stereoselectivity. A plausible explanation
from 7. Addition of isopropenylmagnesium bromide ® and  for the hydroformylation ol1is shown in Figure 1. The compourids
subsequent reduction of the ketol with triethylsifaimethe presence of have two preferred conformatioadA and11B where there is overlap
BF3-ELO gave the C-glycosylated olefl® in 99% yield. Protection of  of 0*co orbital with the alkenetorbitals. The compoundsl prefer

the C-2 alcohol afforded the substratd$ - e in 30%, 48%, 52% and conformationl1A over tharl1B in order to relieve the steric repulsions
50%, respectively. between the vinyl methyl group and the anomeric hydrogen. If we
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assume coordination of the rhodium catalyst from a less hindReed 2.
face of the olefin, hydroformylation would provide el 2, which was
found experimentally.

BnO
BnO
B”m BnO

favored 11BROH
l dlsfavored
4.8% NOE
BnO —~
BnO
BnO Q. _leH=Rntn H, CHs
BnO o BnO -0
RO favored BnO o)
l 13 O
o-12

Figure 1

To test the versatility of the olefins bearing a sugar moiety as substrates
for hydroformylation, we examined the hydroformylation of 1,1-
disubstituted olefins possessing hydroxy mett¥ylacetoxy methyll6

and acetal 7 moieties. Hydroformylation af4 under 80 atm of syn gas

at 80 °C for 60 h gave the aldehy#l& in which the R) isomer was
obtained exclusively in 66% yield. While the acetoxy methyl derivative
16 was less reactive thal¥, only the R) isomerl7 was obtained in

54% yield. When the acetdl8 was subjected to hydroformylation,
starting material was recovered quantitatively. It seems that the reaction
did not proceed due to steric hindrance of the acetal group.

BnO on H2/CO (80 atm)  Bno OH
Ie) Rh(CO)Q(acac) o]
BBSO (10 mol%) BnO (A CHO
TBSO 44 80°C, 60 h TBSO 15 4.
66%
BnO OAC BnO OAc 5.
BnO Q BnO
e — "o (R) _cHo 6.
TBSO 54% TBSO
16 /™ 17
BnO o__o
BnO 0,
BnO NR
TBSO
18
Scheme 3 7.

In conclusion, we have demonstrated that 1,1-disubstituted olefin8.
bearing a sugar moiety undergo hydroformylation in good to excellent
yields and with high stereoselectivities to provide the corresponding
aldehydes. 9.

10.
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