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Treatment of acrolein with a TiCl,—n-Bu,NI mixed reagent in the presence of 2 equiv of aldehydes provided 4-hydroxy-1,3-dioxane derivatives
in good yields with high stereoselectivities. The use of vinyl ketones instead of acrolein afforded aldol-type adducts with high syn selectivities.

The conjugate addition reaction of various nucleophiles to because of its high reactivity. Herein we wish to report that
o,B-unsaturated compounds such as 1,2-enones has beea TiCl;—n-BusNI* system mediates formation of an enolate
extensively explored, and it has been recognized as afrom acrolein and the subsequent trapping of the resulting
powerful route for enolate formationThen, the sequential  titanium enolatewith aldehydes affords 3-hydroxy-aldehydes
reaction of the resulting enolate with electrophiles provides and their derivatives with high stereoselectivities.

organic chemists an extremely effective methodology for  Treatment of tetrabutylammonium iodide with TiGh
construction of the carbon framework of organic molecules dichloromethane at 0C provided a dark-red solution. After
(Scheme 1%.With regard to acrolein, however, few examples

(1) (a)Organocopper Reagent$aylor, R. J. K., Ed.; Oxford University

Press: New York, 1994. (b) Jung, M. E. l@omprehensie Organic
N syntesisTrost, B M., Fleming, 1., Eds.; Pergamon Press: New York,

1991; Vol. 4, Chapter 1.1, pp-167. (c) Lee, V. J. InComprehensie

Scheme 1 Organic SynthesjsTrost, B. M., Fleming, |., Eds.; Pergamon Press: New
0 Nu=Mtl OMtl York, 1991; Vol. 4, Chapter 1.2 pp 6437. (d) Lee, V. J. IComprehensie
JJ\/ J\/\ Organic SynthesjsTrost, B. M., Fleming, |., Eds.; Pergamon Press: New
X X Nu York, 1991; Vol. 4, Chapter 1.3, pp 13968.
o (2) (a) Noyori, R.; Suzuki, MAngew. Chem., Int. Ed. Endl984 23,
electrophile 847-876. (d) Taylor, R. J. KSynthesisl985 364—392. (c) Noyori, R.;
. XJ\(\NU Suzuki, M. Chemtracts-Org. Chem 199Q 3, 173-197. (d) Hulce, M.;

Chapdelaine, M. J. IlComprehensie Organic Synthesislrost, B. M.,
Fleming, I., Eds.; Pergamon Press: New York, 1991; Vol. 4, Chapter 1.6,
pp 237268.
(3) Examples of conjugate addition to acrolein: (a) Alexakis, A.; Chuit,
; o~ ; ; ; C.; Commeron-Bourgain, M.; Foulon, J. P.; Jarbi, N.; Mangeney, P.;
of conjugate addition to acrolein are described in the \o ton "3 Fp e Appl. Chem1984 56, 91-98. (b) Park, Y. S.; Beak,
literature® Moreover, trapping of the resulting enolate with p.J. Org. Chem1997 62, 1574-1575.

rbon electrophil h rbonvl com nds h (4) (a) Taniguchi, M.; Hino, T.; Kishi, YTetrahedron Lett1986 39,
Ca.bo. e.eCt ophiles such as ca bo y compou ds (.;lS beerJf767. (b) Yachi, K.; Maeda, K.; Shinokubo, H.; Oshima, Ketrahedron
quite limited. In most cases, 1,2-addition of nucleophiles to | e, 1997 38 5161,

acrolein is the predominant reaction. In addition, if 1,4- 5 I(5) (g\) (ggﬁotitanil:qm ggd (;rganozirccyium Fge}gegﬁggelri,vcl.,l

e H : . alumbo, G., Caputo, R., S., Pergamon Press:. Oxiora, , vVol. 1, pp
a(;ldltlon to _acr()Ieln OCCL_”S' reaction of th_e re_sultlng enOIE_lte 139-172. (b) Reetz, M. TOrganotitanium Reagents in Organic Synthgsis
with acrolein could readily cause polymerization of acrolein Springer-Verlag: Berlin, 1986.
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being stirred for 10 min, an addition of an excess amount of aqueous ammonium chloride provided the corresponding
2-methylpropanal (3.0 equiv) followed by acrolein (1.0 dehydration productd (Scheme 3).

equiv) at—78 °C afforded a cyclic hemiacet@a in 68%
yield (based on the amount of acrolein employed) as a singl|
stereoisomet.” This cyclic hemiacetal could be generated

o Scheme 3
from the initial aldol adductl and another molecule of
. . o _ 0
2-methylpropanal (Scheme 2). Interestingly, no polymeri- J\/ + RCHO TiCly—n-BuyNI
= —_—
H CHoCls HJ\(\R
-7850°C 1 4
Scheme 2 4a: R = iPr 51% (E/Z = 46/54)
4b: R =c-CgHyy 57% (E/Z = 34/66)
O OH
Q 3-0e9) Tio,nBuNl  HO®
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C;';% 1 o A high level of diastereofacial selectivity was achieved
R in the reaction of acrolein with 2-phenylpropanal (Scheme
o)\o O OH 4). The 3-hydroxyaldehydde was obtained as a single
RCHO )H(k
— L H Ph
Ho® 0 %R 3
2
! Scheme 4
RCHO Product  Yield (%) Selectivity o o oH
iPICHO  2a 68% >99/1 j’\/ . oy, TOnBUN o
cCgHiCHO  2b 68% >99/1 H Hk( CHyCly H ;
CH -78°C CHy €
nCegHisCHO  2¢ 74% >99/1 S I syn, syn
0,
PhCH,CHO  2d 64% >99/1 52% (>9911)

. ) o ) diastereomer instead of the cyclic hemiac&alue to the
zation of acrolein could be observed in this reaction. The gieric pulkiness of 2-phenylpropanal. The stereochemical
use of a reduced amount of 2-methylpropanal (1.0 mmol per o ytcome could be explained by the Felkiinh model?

1.0 mmol of acrolein) also resulted in formation of the cyclic  Next, the reaction of vinyl ketone was examined. Treat-
hemiacetala in 32% yield along with a small amount of - ment of phenyl vinyl ketone with titanium tetrachloriele
aldol adductla (10%)® Therefore, itis desirable to use more  (gtrahutylammonium iodide at-78 °C and subsequent
than 2 equiv of aldehydes. The reaction with aliphatic aqgition of aldehydes also provided the corresponding aldol-

aldehydes such as cyclohexanecarbaldehyde, decanal, Ofype adduct® in good yields (Scheme 5.syn3-Hydroxy
dihydrocinnamaldehyde also gave the corresponding cyclic

hemiacetal in good yield with high stereoselectivity. On
the other hand, the use of benzaldehyde afforded a comple_

mixture containing a trace amount &f Baylis—Hillman- Scheme 5
i i % Vi O OH
type adduc8 could only be isolated in 29% yield. The adduct O TicnBuN RECHO Hs0®
3 was presumably formed by elimination of hydrogen iodide R1)]\/ chd Rl R2
from the initial adductl. _78205 ° 9"
In this reaction, the reaction temperature is critical to . e o N
determine the distribution of the product. Whereas the R Product Y'e'do(/") Selectivity
reaction at-78 °C gave hemiacetd exclusively, warming Ph Ph %a 89% >99/
the reaction mixture to 6C prior to quenching with saturated Pho nGHi b 3% >99/1
Ph CH 9c 96% >99/1
(6) Experimental procedure is as follows. To a solution of Ti(.0 Ph P od 70% 89711
mmol) in CH,Cl, (5 mL) was added a solution oEBusNI (2.0 mmol) in Ph Et,CH e 79% 96/4
CH.ClI, (3 mL)_ at 0°C. After being stirred for 10 min at €C, a resulting nCsHy1 Ph of 75% 94/6
dark-red solution was cooled t678 °C, and 2-methylpropanal (3.0 mmol) nCsHyy  nCeHia g 71% 94/6

and acrolein (1.0 mmol) were added. The mixture was stirred for 30 min at
—78 °C, and then the whole mixture was poured into saturated aqueous
ammonium chloride. Extractive workup and purification by silica gel column
chromatography afforded 4-hydroxy-2,6-diisopropyl-5-iodomethyl-1,3-di-
ox?n)e eha 0.22 g) ri]n 68%Iyield. s aldol add . § ketones9 were obtained with high stereoselectivities as in

7) The stereochemical assignment of this aldol adduct was performe ; ; e _
as follows. Reduction o2a with NaBH, followed by n-BusSnH provided the case of acrolein. For instance, an addition of benzalde
2,4-dimethyl-1,3-pentanediol as a single isonre®9/1). This product was
identical with authentisyndiol. The assignment of relative stereochemistry (9) Cherest, M.; Felkin, H.; Prudent, Nietrahedron Lett1968 2199.
of another isopropyl group was based on NOE experiment. The anomeric Anh, N. T. Top. Curr. Chem198Q 88, 145.

stereocenter was assumed taking account of the anomeric effect. (10) The reaction ofa,S-unsaturated ketone with £l has been
(8) Some attempts to obtain 3-hydroxyaldehyidas a major product reported. Itoh, A.; Ozawa, S.; Oshima, K.; Nozaki, Bull. Chem. Soc.
were not successful. Jpn. 1981 54, 274-278.
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hyde or acetaldehyde afforded syn add@aior 9c in 89%

or 96% yield, respectively. Scheme 7
Selective formation of the syn isomer might be explained iPr iPr
as follows (Scheme 6): (1) the selective generation of B
[OXN©] nBusSnH/cat. Et;B 0”0
o e Trome ot
CH 90%
Scheme 6 I 2a 310
(>99/1) (69/31)
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X Z-enolate 0g -k pyridine TiCly/MeySiOTH (1:1)
i, o oT, cat DVAP, 1.0 ACOJ\(‘\iPr CHoClp
H A2 ACHO 86% 11 —78°C, 15 min
: /\O X R ip |
R —_— ’/( (87/13)
I el o0 o OH OH
AN o /\/\('\:‘Pr
| 12 | 13
Z-enolate from acrolein or phenyl vinyl ketone by the action 73% (>99/1)

of the combination of TiGHn-BusNI and (2) aldol addition
of (2)-titanium enolate to aldehyde through a rigid six-
membered transition state.

Finally, the cyclic hemiacet&® obtained in our reaction
turned out to be an useful intermediate in organic synthesis.
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