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Abstract: Scheme 1. Tishchenko and homoaldol—Tishchenko
Monoesters of 1,3-diols can be prepared with the mixed  reactions with enolizable aldehydes

Tishchenko reaction from f-hydroxy aldehydes and another

aldehyde. These two aldehydes form a diastereomeric mixture
of 1,3-dioxan-4-ol hemiacetal derivatives which can be further
converted to monoesters with suitable catalysts. Limitations in

the formation and esterification of this hemiacetal intermediate

O
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T e Y\o
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2

have been investigated in this work and the formation and
stability of 1,3-dioxan-4-ols was found to be aldehyde-, tem- l Aldol-Tishchenko
perature-, and solvent-dependent. A new method was developed RR R
for selective preparation of monoesters of 1,3-diols with this RR_ R 1 R)\RS/OH
mixed Tishchenko reaction via 1,3-dioxan-4-ols without any R ? H —— o* . *o
significant side products. During the development of this method OH O I
a possibility to scale up the reactions to reach a selective and 3 R R
economical process was one of the main targets in this work. 4

The conventional Tishchenko reaction of aldehydes gives l
simple esters with moderate-to-excellent yield (Scheme 1;
1—2)* typically in the presence of Lewis acidic catalysts . oH Q ,
such as aluminium alcoholatéSeveral Lewis acidic transi- R\(&*@o)&( R
tion metal complexes have also been found effectier RRT R R
enolizable aldehydes, sequential ald@lshchenko reaction 5

can become competing if the catalyst is sufficiently basic
(Scheme 11—3—5)# The basic catalyst first accomplishes
the aldol reaction which is followed by Tishchenko esteri-
fication by the Lewis acidic nature of the same catalyst. In
the mixed Tishchenko reaction between different aldehydes
the product distribution is difficult to contrl1,3-Dioxan-
4-ols 4 have been reported as reaction intermediates in the
homoaldol—Tishchenko reaction (Scheme 1) with only one

enolizable aldehyd&Dioxanol 4 type intermediates react
further to the monoesté. In other reports the formation of
4 has not been disclosed, but a direct Tishchenko &efb)
via a [6,6]-membered bicyclic transition state has been
suggested.

Our interest in this topic was originally triggered by the

potential versatility of the mixed aldelTishchenko reaction

*To whom correspondence may be sent. Telepho#@&58 9 451 2526. and the possible applications of mixed esters in more
Fa)f(:H+|3‘58k9 J‘5.1 25%8. IfE-Tmalrl]: e}n.koskmen@hut.fl. complex natural product syntheses where the target molecules
elsinkl University ot lechnology. P . .
* University of Jyvg;ky]a v bear monoester moieties of o!|ols_ (e.g., polyketldes). How-
(§) ?-;ay_crmstalhstrtlicture analysis. e Chenleos. 36, 3 62. () ever, the most important application of 1,3-diol monoesters
1) (a) Tischtschenko, WJ. Russ. Phys. eni906, 38, 355, 482. . . . :
Tischtschenko, W. EChem. Zentr1906, 77, I, 1309, 1554, 1556. For 1S tNeIr use as the most common coalescing agents in the
mechanism, see: (c) Ogata, Y.; Kawasaki, A.; Kishifétrahedronl967, paint and coating industry, and this was also the main focus
23, 825-830. 8 : ;

(2) (a) Ogata, Y.; Kawasaki, Aletrahedronl969 25, 2845-2851. (b) Saegusa, of our WO_I’_k. Herein W_e report OL!I’ results on the formation
T.; Hirota, K.; Hirasawa, E.; Fujii, HBull. Chem. Soc. JprL967, 40, 967 and stability of the mixed 1,3-dioxan-4-ols of ty@eand

972. (c) Child, W. C.; Adkins, HJ. Am. Chem. Soc923,45, 3013—
3023. Fast Tishchenko reaction has been reported recently with bidentate
aluminum alcoholate catalysts: (a) Ooi, T.; Miura, T.; Takaya, K.; Maruoka,
K. Tetrahedron Lett1999,40, 7695—7698.

their further esterification to a variety of 1,3-diol monoesters.
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Scheme 2. Aldol—Tishchenko type-mixed Tishchenko Scheme 3. Preparation of monoesters of 1,3-diols with
reaction mixed Tishchenko reaction via 1,3-dioxan-4-ol intermediates
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Results and Discussion 10 lmc :3h
The purpose of our studies was to gain insight into the

formation and properties of mixed dioxan@ss well as to o OR
develop a selective process where their Tishchenko reaction Py cat. Pﬁ/

to 1,3-diol monoesters takes place while competing reactions R O/><\OH - OYO
are avoided.One goal was to create an economically and 9 R
environmentally advantageous process which would be 8 R'=H
possible to scale up to industrial scale without any hazardous [: 11 R'=Ac

or expensive steps. However, the work reported in this paper

describes the main features of the method including the "€W “nyxled;1,3-d|oxan-4—fols|d|mer|c1,0 waslfc;rst rlnonot .
possibilities and the limitations. For synthetic versatility, merized in the presence of a large excess (10 mol equiv) 0

differing from typical aldol—Tishchenko reactions, a mixed 7bby heating at BBCdWitZOUt solvent (Scheme 3I21 'T‘t higher
aldol—Tishchenko reaction was investigated (Scheme 2). €mperatures started to decompose via retro-aldol reaction.
The Tishchenko reaction of 1,3-dioxan-4-ols has been H€&ting (monomerisation) should be continued for at least

reported typically for dimeric aldol productMixed dimers 3h at 65°C to monomerize all the dimerit0. When the_
from af-hydroxyaldehyde and a second aldehyde have beenSolution was cooled to room temperature, slow formation
suspected for instability, but detailed investigations on their of 8b_ was observed, and a stable eqU|I|br_|um was rleached
esterification have not been reportéd/ery little is known only n 2.5-3 days, and m°”°”.“3 was still present'ti
about the effects of different substituents on the formation, NMR in CDCI?’)' When the cooling was repeated gf@,
stability, stereochemistry, and reactivity of dioxanols similar the formation of dioxanoB was already complete in less
to 8. 2,2-Dimethyl-3-hydroxypropandl (3-hydroxypivala- th.an 13 h, and only a trace Of, monomeﬁqNas observgd
Idehyde [HPA]}?was chosen as the starting material because W,'th H NMR' The product mixture contameq the desired
of its stability and easy detection. Aldehy@evas isolated dimer8b, d|mer1130, free aldehyd@, and sometimes a trace
as the dimen.0, which by'H NMR (CDCls) was a mixture of monomerict. .

of diastereomers in 60:40 ratio (Scheme 3)..-ByNMR in The role of the free aldehyde was also studied to

D,0, at room temperature the equilibrium consisted of 56% uncover its effect on the stereochemistry and the rate of
6 and 44%10, and at 35C, the equilibrium rapidly shifted formation of dioxanol® (Table 1). Both steric and electronic

completely to monome®. In contrast, in CDGlat 35°C effects of the aldehydeg were studied by varying the
only 9% was in monomeric form, and heating at &Dfor substituents R to obtain a mixture of diastereomers of
90 min was required to shift equilibrium to mononeSlow compound®8a—f. All dimers were prepared with the method
dimerisation o6 was observed in CDGWwhen the solution described above. The product distribution was measured
was cooled back to room temperature directly after stefg—8 by 'H NMR. Due to the vulnerability
We next optimized the reaction conditions and require- of the products to q«;composition, the product mixt_ure was
ments for preparation of mixed dimers. The first “mixed” acetylated or esterified directly to the corresponding mo-

dioxanol 8 we tried to prepare was the dimer 6fand noestersd for further analysis.

2-methylpropanal’b. In our normal procedure to produce . Th_e two_dloxanol diastereomers f(_)rmed n praqtlcall_y
identical ratios regardless of the substituent R. The identity

(9) Aldol reaction: (a) Casiraghi, C.; Zanardi, F.; Appendino, G.; Rassu, G. of the CIS/U‘a!’\S Isomers was secur_ed thr.oth an X-ray
Chem. Re+2000,100, 1929—1972. (b) Machajewski, T. D.; Wong, C.-H.;  crystallographic analysis of the crystalline major diastereomer
Lerner, R. AAngew. Chem., Int. E2000,39, 1352-1374. (c) Mahrwald,  of 8¢, separable by careful chromatography and crystallisa-

R. Chem. Rey1999,99, 1095—-1120. (d) Cowden, C.; PatersonQtg. . . . .
React1997 51, 1-200. (€) Sawamura, M.; Ito, \Catal. Asymmetric Synth.  tion from MeOH:HO. Dimer10Qis rather stable even at room

1993, 367—-388. (f) Bednarski, M. DAppl. Biocatal. 1991, 1, 87—116. temperature, and there are no problems in isolation and
Cannizzaro reaction: (g) Kharasch, M. S.; Snyder, R. Bl. Org. Chem. tori but t of the di dh f d
1949, 14, 819—835. (h) Pfeil, EBer. 1951, 84, 229—45.Meerwein— storing, but most ot the ioxandiprepared here were ound
Ponndorf—Verley reduction/Oppenauer oxidation (i) de Graauw, C. to be relatively unstable. The reason for the better stability

F.; Peters, J. A.; van Bekkum, H.; HuskensSynthesid4994, 1007—1017. : :
() Pickart, D. E.; Hancock, C. KJ. Am. Chem. Sod 955, 77, 4642— of dimer 10 compared to that c was studied by means of

4643. Tollens reaction: (k) March, J Advanced Organic Chemistry; molecular modelling. The calculations (MacroModel 6.0;

Reactions, Mechanisms and Structure, 4th ed.; John Wiley & Sons: 1993; Monte Carlo. solvent CDG) gave some evidence for the
p 955. !

(10) Fouquet, G.; Merger, F.; Platz, Riebigs Ann. Chem1979,46, 1591— possibility of intramolecular hydrogen bonding in the dimeric
1601.

(11) Spéth, E.; Szilagui, I. \Ber. Dtsch. Chem. Ge4943,76, 949—956. (13) Similar results have been obtained under rather vigorous reaction conditions

(12) Merger, F.; Platz, R.; Fuchs, W. (Badische Anilin- und Soda-Fabrik A.- (8 h, 160°C, under 3.5 MPa pressure): Duke, R. B.; Perry, M. A. (Eastman
G.). Ger. Offen. Pat. 1957301, 197Chem. Abstr1971,75, 76165b. Kodak Company). FR Pat. 1414216, 196hem. Abstr1966,64, 11090c.
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Table 1. Product distribution for the preparation of new dimers

8 8 10
6 (mol %)p (mol %yb (mol %y
entry aldehyder R (mol %p trans cis (diastereomers)
1 a propanal Et 0 22 48 30 (40:60)
2 b 2-methylpropanal i-Pr 0 25 50 25 (41:59)
3 c pivalaldehyde t-Bu 0 32 60 8 (40:60)
4 d 2-ethylhexanal "1Et-pentyl 0 38 49 13 (31:69)
5 e crotonaldehyde GHCHCH; 62 0 0 38 (41:59)
6 f benzaldehyde Ph 51 42 58 34 (40:60)
7 g cyclohexylcarboxaldehyde 6811 0 34 66 18 (40:60)

aThe product distribution was determined By NMR. P Relative stereochemistry has been detemined by X-ray crystallography of ace8dated
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Figure 3.

in different deuterated solvents. The decomposition was
followed as a function of time at room temperature. After 3
days8b was partly decomposed ids-benzene (33%) and
CDCl; (61%). On the other hand, i-DMSO the decom-
position was not observed<(%). The reason for this is
believed to be the hydrogen bonding between the hydroxyl
group of the dioxanol and DMSO which stabilizes the acetal-
type dioxanol structure.

In our earlier studies we have shown that the catalyst in

Figure 1. X-ray structure of the cis-enantiomers of 4-acetoxy-
5,5-dimethyl-2-tert-butyl-1,3-dioxane 8c, crystallized in a cen-
trosymmetric space groupP-1. Unit cell contained both enan-
tiomers of 8c which are shown in the figure.

R\LOO\#\ O\i\
R0

OH
8b 8b’

Figure 2.

the Tishchenko esterification of such dimers should bear
sufficient basicity to deprotonate the hydroxyl proton and
Lewis acidity for the intramolecular hydride shift from ring
position 2 to position 4214Esterification of dioxano8b to

the corresponding monoest@(R = i-Pr) was first carried
B-hydroxyl aldehydes between oxygen at ring position 1 and out with 30-40 mol % of traditional metal hydroxide
the hydroxyl group in the side chain at ring position 2. Also, catalysts such as LiOH (4.55 M) or Ba(OH)l,O with low
the differences in calculated minimum energies between theisolated yield (0—35%). Monoester2 was formed with
diastereomers were compared to the ratio of diastereomersTishchenko esterification df0 (formed due to equilibration,
obtained with NMR. In the case of dioxandb the Scheme 3). Productd3, 14, and 15 were formed by
calculations gave the axial anom@tsthe energy minimum  irreversible hydrolysis of monoestedb and12. Use of 1,3-
of AG = —177.6 kJ, and for the equatorial anom8ks AG diol-based alkali metal monoalcoholates as catalysts was then
= —166.7 kJ, corresponding to a ratio of 80:20, in good investigated#? Gratifyingly, the esterification of dioxanol
agreement with the observed ratio 73:27. After the formation 8b occurred almost quantitatively in the presence of 30 mol
of the new dioxanal-type mixed dimer, the 2-methylpropanal % of 0.1 M solution (in THF) of monolithium alcoholate of
(7b) excess was removed under reduced pressure (0.1diol 13. Monoeste®b was obtained in 86% isolated yield
mmHg) at 0°C. The product distribution was followed with ~ after 50 min. Monoester8a and9c were obtained with the
IH NMR during the evaporation, and the new dinBerwas similar manner in 41 and 60% isolated yield, respectively.
observed to slowly decompose. The reaction was found to However, these two latter experiments were carried in
be limited to low-boiling aldehydeg. With higher-boiling several-times-smaller scales. The reaction was quenched with
aldehydes such as 2-ethylhexanal (7d) the reaction had tothe addition of a catalytic amount of 2 M HCI to avoid side
be heated to room temperature (under reduced pressure ofeactions during the workup. In larger scale the products can
0.1 mmHg) to evacuate an excess of free aldehyde. Thisbe isolated by fractional distillation under reduced pressure
caused significant decomposition of dioxaBadl The effect
of the solvent on the stability of mixed dim8b was studied
by 'H NMR. Dioxanol8b was prepared at 0C, dissolved

(14) (a) Térmékangas, O. P.; Koskinen, A. M. Retrahedron Lett2001,42,
2743-2746. (b) See also: Abu-Hasanayn, F.; Streitwiesed, @rg. Chem.
1998,63, 2954—2960.
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Scheme 4

after workup. In these experiments (10 mmol of monomeric
HPA) column chromatography was the preferred method for
purification.

Tishchenko esterifications have also been studied previ-

ously with milder catalysts yielding the 1,3-diol monoester
with excellentanti-selectivity, high yields and without any
side reaction¥® However, we found Smlalone to be
ineffective in the esterification of 1,3-dioxan-4-ols due to
its low basic nature.

It has been claimed by Merger et al. thathydroxy
aldehydes form both an acyclic hemiacetal and a cyclic 1,3-
dioxan-4-ol and that these react to the corresponding diol
monoestet’ We found no evidence of such an open-ring
hemiacetal byH NMR. We believe that in the case of 1,3-
dioxan-4-ols the metal first coordinates to the hydroxyl group
and to the ring oxygen at position 3 which activates the
hydride shift from ring carbon 2 to carbon 4. The reaction

monoalcoholate catalysts consistently giving high vyields.
Thus, excess aldehyde has to be evaporated before addition
of the catalyst to avoid unfavorable and exothermic side
reactions such as homo alddlishchenko. The evaporated
aldehyde can be recycled directly to the next batch. Fur-
thermore, the process developed is possible to scale up to
large (industrial) scale. However, this paper focused on the
main features of the method, and the largest scale was the
10-mmol scale. The scale-up work to larger (possibly to pilot)
has not been carried out yet. In industrial scale a possible
need for cryogenic condenser cooling would raise the total
costs of the method considerably. Finally, in comparison to
alternative methods this is the most inexpensive way to
prepare 1,3-dioxan-4-dfsand, further, 1,3-diol monoestéfs.

The method developed allows a design and preparation of
various monoesters to be used as the coalescing agents for
different purposes.

Experimental Section

All aldehydes were purchased from commercial sources
(Aldrich) but (except formalin) were further distilled (purity
>99.5%). TLC was performed on Merck silica gel 60-F
plates staining with 1% anisaldehyde in acidic ethanol
solution. Flash chromatography was performed on Merck
silica gel 60 (230—400 mesh). NMR spectra were recorded
on Bruker AM-200 and Varian Gemini 400 or Bruker DPX
400 instruments. CD@lwas filtered through basic alumina
right before use to remove traces of HCIl. Mass spectra were
recorded on a Kratos MS80 RF Autoconsole instrument. All

mixture was also acetylated, and no traces of open-ring formsMelting points were measured with Gallenkamp GMP

were observed. However, the final stages of the mechanism
are believed to be similar to the mechanism reported in the

case ofs-hydroxyketone and simple aldehyde in the presence
of SmI2.15

Conclusions
The formation of 1,3-dioxan-4-ol type acetal between a

pB-hydroxyaldehyde and a second aldehyde was shown to be
especially temperature-dependent. This also explains the nee

for low reaction temperature in the case of Evamssh-
chenko and aldet Tishchenko reactions. At @C and in the

presence of excess monofunctional aldehyde all the mono-

meric f-hydroxyaldehyde dimerized in 3 h todiastereo-
meric mixture of 1,3-dioxan-4-ols. Also, the electronic effects
of the aldehyd& were found to be important, for example,
in the case of electron-withdrawing substituent R (crotonal-
dehyde) the formation of the initial hemiacetal is disfavored.
With donor substituents (alkyl) the formation of dioxanols
8is favored. Several dioxanol-type “mixed” dimers are rather
unstable and sometimes even impossible to purify, and
protection of the ring hydroxyl group may be needed for
isolation and purification. The structure can be stabilized by
intramolecular hydrogen bonding in the case of dimeric
B-hydroxy aldehydes. The Tishchenko esterification can be
favourably carried out in the presence of 1,3-diol-based

(15) (a) Evans, D. A.; Hoveyda, A. HI. Am. Chem. S0d.990,112, 6447—
6449. See also: (b) Lu, L.; Chang, H.-Y.; Fang, J.2MOrg. Chem1999,
64, 843—853.
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(capillary) apparatus and are uncorrected. IR spectra were
obtained on a Perkin-Elmer Spectrum One apparatus. Perkin-
Elmer 8420 gas chromatograph was used with OV-1701
silica column. The 4-hydroxy-1,3-dioxane derivati@sere

very unstable and decomposed during flash chromatography,
distillation under atmospheric and reduced pressure and even
when kept under reduced pressure. The derivatives were
identified directly from the product mixture wittH NMR

$nd usually protected at the free hydroxyl group. In the

ollowing Experimental Section the dioxanols were first
prepared and analyzed as a mixture followed by possible
acetylation or direct Tishchenko esterification to monoesters
and purification by means of column chromatography.
5,5-Dimethyl-4-hydroxyl-2-(1,1'-dimethyl-2'-hydroxy-
lethyl)-1,3-dioxane (10).Triethylamine (5.06 mL, 50 mmol)
and formaldehyde (37.4 mL, 500 mmol, 10 mol equiv, 37%
agueous solution) were placed into a reaction vessel kept
under argon. Isobutyraldehydé (45.4 mL, 500 mmol, 10
mol equiv) was added dropwise (over 10 min), and the
temperature was raised #675 °C. The reaction was stirred
at+75°C for 1 h and then cooled to room temperature. A

white precipitate started to form &t45 °C. Isooctane (10

mL) was added, and the product was allowed to crystallise

(16) Alternative ways to produce 1,3-dioxan-4-ols: (a) Reduction of 1,3-dioxan-
4-ones: Dahanukar, V. H.; Rychnovsky, S. ID.Org. Chem.1996, 61,
8317-8320. (b)m-CPBA oxidation of cyclic vinyl ethers (1,3-dioxane type
acetals): Wattenbach, C.; Maurer, M.; FrauenrathSihlett1999, 303—
306. (c) Treatment of acrolein in the presence of Ti&BusNI and 2 equiv
of aldehyde: Uehira, S.; Han, Z.; Shinokubo, H.; OshimaOfg. Lett.
1999,1 (9), 1383—-1385.



overnight at room temperature. The white solid was filtered 3H), 0.96 (d, 3H2J = 6.9 Hz), 0.95 (d, 3H3J = 6.9 Hz),
and triturated with isooctane. The product was filtered again, 0.77 (s, 3H).

washed with 8« 50 mL of cold isooctane, and dried to give Lithium Monoalcoholate of 2,2-Dimethyl-1,3-propane-

10 (44.4 g, 87%) as a mixture of diastereom&r3LC: R diol.1422,2-Dimethyl-1,3-propanedidl3 (0.312 g, 3.0 mmol)

= 0.39 (EtOAc:hexanes, 7:3%1 NMR (CDCls, 200 MHz) was dissolved in 28.5 mL of dry THF under argon. The
(Diastereomer 1, 40%) 4.91 (s, 1H), 4.81 (d, 1H) =1.1 solution was cooled to 8C, andn-BulLi (1.41 mL, 3.0 mmol,
Hz), 3.85 (d, 1H2) = 11.1 Hz), 3.46 (s, 2H), 3.39 (dd, 1H, 2.13 M) was added dropwise to give a 0.1 M solution of the
2J=11.1Hz,)= 1.1 Hz), 1.17 (s, 3H), 0.95 (s, 3H), 0.92 catalyst. The colourless solution was allowed to warm to
(s, 3H), 0.82 (s, 3H). (Diastereomer 2, 60864.60 (s, 1H), room temperature over 1 h and then cooled back f€0
4.42 (s, 1H), 3.62 (d, 1HJ = 11.4 Hz), 3.49 (s, 2H), 3.30  pefore use.

(dd, 1H,4J = 11.4 Hz,J ~ 0.1 Hz), 1.06 (s, 3H), 0.97 (s, (2,2-Dimethyl-3-hydroxylpropyl)-2-methylpropionate
3H), 0.96 (s, 3H), 0.83 (s, 3H). CI-MS (monomer when (9b). Dioxanol 8b were prepared as described above. The
ionized with NH;) 120 (M + 1 + NHy), 72, 56, 41, 39. catalyst solution described above (30 mL, 0.1 M, 30 mol

_5,5-Dimethyl-4-hydroxyl-2-isopropyl-1,3-dioxane (8b).  9) was added at 6C, and after 45 min the reaction was
Dimer 10 (1.022 g, 5.0 mmol) was dissolved in isobutyral- - quenched with 1.5 mL of 2 M HCI. The solvents were
dehyde7b (4.54 mL, 50 mmol, 1000 mol equiv) under Ar.  evaporated, and the oily residue was dissolved in 15 mL of

The colourless solution was stirredrfg h at+65 °C (+3 CH,Cl, and washed with 1.5 mL of water. The water phase
°C) to monomerizés. The solution was cooled to and  was saturated with NaCl and washed twice with 5 mL of
stirred for another 3 h. Exces% was evaporated at TC CH,Cl,. Organic phases were combined, dried ovesS@,

(60 min at 0.1 mmHg), yielding an oily product. TLG% filtered, evaporated, and purified by column chromatography
= 0.59 (EtOAc:hexane, 8:2JH NMR (CDCl;, 200 MHz) (EtOAc:hexane, 40:60). Compoursh was obtained as a
(transisomer 5*,45*-8b, 27%)0 4.86 (d, 1H, OCH(Pr)O, colourless oil (0.753 g, 86%). TLCR: = 0.55 (EtOAc:
) = 4.4 Hz), 4.82 (d, 1H-OCHOH," ~ 1 Hz), 3.89 (d,  phexane, 70:30}H NMR (CDCl;, 200 MHz)6 3.93 (s, 2H),
1H, OCHC, 2J = 11.0 Hz), 3.40 (d—d, 1H, OCI,2) = 379 (s, 2H), 2.63 (broad s, 1H, OH), 2.59 (sept, tH=
11.0 Hz,"J = 1.3 Hz), 1.76 (dq, 1H;-CHMe,, 2J = 7.0 79 Hz) 1.22 (d, 6H3J = 7.0 Hz), 0.98 (s, 6H)*C NMR
Hz, %) = 4.4 Hz), 1.21 (s, 3H, ring CH), 0.94 (d, 6H, X (cpcy, 50 MHz) 177.8, 69.1, 68.1, 36.5, 34.1, 21.4, 19.0.
(i-Pr) CHs, 3J = 7.0 Hz), 0.82 (s, 3H, ring C¥). (cis-Isomer EI-MS: 174 (M), 199, 101, 73, 56, 41.
28*’43*'8b’ 373%)‘5 4.60 (s, 1H, OCHOH), 4'236 (d, 1H, 5,5-Dimethyl-4-hydroxyl-2-propyl-1,3-dioxane (8a).
OCH(i-Pr)O,%) = 4.6 Hz), 3.60 (d, 1H, OCKC, W =115 pimeric HPA 10 (0.204 g, 1.0 mmol) was dissolved in
Hz), 3'353(d’ 1H, OCZL’C' J =109 Hz), 1.87 (dq, 1H,  ronanal7a (0.75 mL, 10 mmol, 1000 mol equiv) under
—CHMe;, *J = 6.9 ':Z’ J = 4.6 Hz), 1.18 (s, 3H), 0.97 (d, argon. The solution was refluxed for 3 h, cooled t6@
6H, 2x (i-Pr) CH, *J = 6.9 Hz), 0.83 (s, 3H, fing Ch. followed with additional stirring for 3 h. The product mixture
The compound depomposeq on CI-MS anglyss. was not acetylated but was analyzed withNMR. TLC:
4-Acetoxy-5,5-dimethyl-2-isopropyl-1,3-dioxane (11b). R = 0.60 (EtOAC:hexane, 7:3}H NMR (CDCl, 200 MHz)
The product mixtureg§b, 100 mol %) from above was cooled (transisomer B+ 4S*8a é8%)6 5.05 (t, 1H dCH(1—Pr)O
to 0 °C under argon. Pyridine (8.09 mL, 100 mmol, 1000 3)=5.1 Ha), 4.8'2 (s, 1H-—OCHOH), 3.,86 ((’j’ 1H, OCbC,’

mol equiv) and freshly distilled acetic anhydride (9.44 mL, = 11.1 H 27 a7 —
. ) = 11.1 Hz), 3.40 (dd, 1H, OCi€, 2J = 10.8 Hz,4J =
100 mmol, 1000 mol equiv) were added, and the solution 1.3 Hz), 1.70 (qd, 1H3) = 7.5 Hz,3) = 5.0 Hz), 1.19 (s,

oo tomperatunt overnight. Extoes pyriting was removed SH: 10 CH), 0.94 (t 3H2) = 7.5 Ha), 0.83 (s, 3H, ring
P gnt. Py CHs). (cis-isomer $* 4R*8a, 72%)d 4.81 (s, 1H, OCHOH),

ramovad wih fitvation though a sitca ot (neight 1555 (& 1H, OCHEPO0,) =51 Hz), 360 (d, 1H, OCHC,
g 9 2) = 11.5 Hz), 3.37 (d, 1H, OCHC, 2J = 11.5 Hz), 1.61

cm, diameter 3 cm) with EtOAc. After evaporation the crude 31 _

product mixture was purified with column chromatography éq: é:@ ‘13\]__7?:74‘;;%]8_4 E()SO gé)’rilﬁosc(;)’ 3H), 0.97 ¢

(CH.Cl:hexane, 80:20), and a mixture of diastereomers (ratio ’2 5 D e_th i3 h c,Io. | 0’ | ' og'o .te 9a). Di

26:74) of11b was obtained in 44% overall yield (starting (2,2-Dimethyl-3-hydroxylpropyl)-propionate (9a). Di-
oxanol 8a was prepared as above. Excess propanal was

f3rg)m 1;:1?\“(\;); 4(.?:gék;rLZ%:ORfMTﬂZO).6¢?al(']ES-ti(S):r’(r:]::re)§:] ZSZO: evaporated at 0C from the product mixture. (30 min at 0.5

11b, 26%)6 5.76 (d, 1H.4J = 1.5 Hz), 4.66 (d, 1H3] = mmHg), yielding an c_)in product. The catalyst_ solution (30
4.2 Hz), 3.81 (d, 1H2) = 11.1 Hz), 3.48 (dd, 1H&J = 11.1 mol %) .of monoll.thlum alcoholate of_ 2,2,d|methyl-1,3-
Hz, 4 = 1.5 Hz), 2.141 (s, 3H), 1.79 (d sept, 18,= 4.2, propgndlol (0.1 M in THF) was :_;ldded in one portion. The
3) = 6.9 Hz), 1.24 (s, 3H), 0.93 (d, 3HJ = 6.9 Hz), 0.92 rgacnon was complete after 15 min at® and was quenched
(d, 3H, 2.9 Hz), 0.77 (s, 3H)cis-Isomer B*,4R*11b, 74%) vv_|th 0.5_ mL qf 2M I—_|CI. The solvent was evaporated to
8 5.57 (s, 1H), 4.41 (d, 1H) = 4.8 Hz), 3.63 (d, 1H2] = give white re5|due which was taken. up with 15 m!_ ofg—:H
11.4 Hz), 3.44 (dd, 1H2) = 11.4 Hz,4) = 0.6 Hz), 2.135 Cl,. Organic phase was washed with 3 mL of brine which
(s, 3H), 1.88 (d sept, 1H) = 4.8,3] = 6.9 Hz), 1.13 (s, was then washed with 2 5 mL of CH,Cl,. All organic

phases were combined, dried over,8@, filtered, and
(17) Some 2,2-dimethyl-1,3-propanedis! is formed during the reaction. This

can be removed by dissolving the product in ether and washing with small evaporated to give 0.423 9 of Y?IIOWiSh’ O”y product mixture.
amount of water. Column chromatography purification (GEI;:MTBE, 9:1)
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gave 0.131 (41% vyield) of monoest@a. TLC: R = 0.55
(EtOAc:hexane, 7:3)H NMR (CDClz, 400 MHz) 6 3.94
(s, 2H), 3.30 (s, 2H), 2.37 (g, 2H) = 7.6 Hz), 1.16 (t, 3H,
3) = 7.0 Hz), 0.92 (s, 6H)}3C NMR (CDCk, 100 MHz) 6
175.2, 69.2, 68.2, 36.4, 27.6, 21.4, 18.6.
5,5-Dimethyl-4-hydroxyl-2-t-butyl-1,3-dioxane (8c).
Dimer10(0.205 g, 1.0 mmol) was dissolved in pivalaldehyde
7¢(1.08 mL, 10 mmol, 1000 mol equiv) under argon. The
solution was stirred fo3 h at+65 °C (£3 °C) and then 3
h at 0°C. At the end a precipitation of pivalaldehyde was
obtained. TLC: Ry = 0.64 (EtOAc:hexane, 8:2}JH NMR
(CDCl3, 400 MHz) trans-isomer 2S*,4S*-8c, 35%) 4.81
(d, 1H,—OCHOH,4) = 0.7 Hz), 4.82 (s, 1H, OCH{BuU)O),
3.85 (d, 1H, OCHC, 2J = 10.8 Hz), 3.39 (dd, 1H, OCiZ,
2J=10.8 Hz,"J = 1.1 Hz), 1.16 (s, 3H, ring C¥), 0.91 (s,
9H, CH; of t-Bu), 0.82 (s, 3H, ring Ck). (cis-lsomer
2S* 4R*-8c, 65%) 6 4.58 (s, 1H, OCHOH), 4.19 (s, 1H,
OCH(t-Bu)0), 3.59 (d, 1H, OCKC,2J = 11.2 Hz), 3.33 (d,
1H, OCHC, 2] = 11.2 Hz), 1.04 (s, 1H, ring C#}, 0.94 (s,
9H, CH; of t-Bu), 0.82 (s, 3H, ring Ch).
(2,2-Dimethyl-3-hydroxylpropyl)-2,2-dimethylpropi-
onate (9¢).The product mixture prepared above containing
mainly 8c was heated te-10 °C because of precipitation of

5,5-Dimethyl-4-hydroxyl-2-phenyl-1,3-dioxane (8f).
Dimer10(1.022 g, 5.0 mmol) was dissolved in benzaldehyde
7f (5.08 mL, 50 mmol, 1000 mol equiv) under argon. The
solution was stirred for 3 h at +6%C and then cooled to 0
°C and stirred for another 3 h. TLCR = 0.58 (EtOAc:
hexane, 7:3)H NMR (CDCl;, 400 MHz) ¢rans-isomer
2S5*4S*-8f; 42%) 6 7.92—7.86 (m, 2H), 7.687.46 (m, 3H),
6.08 (s, 1H,—OCH(Ph)O), 4.98 (s, 1H;-OCHOH), 4.12
(d, 1H, OCHC, 2 = 11.2 Hz), 3.42 (dd, 1H, OCit, 2] =
11.1 Hz,4J = 1.2 Hz), 1.22 (s, 3H, ring C¥), 0.91 (s, 3H,
ring CHg). (cis-lsomer 25*,4R*-8f, 58%) 7.92—7.86 (m,
2H), 7.68—7.46 (m, 3H), 5.58 (s, 1H, OCH(Ph)O), 4.85 (s,
1H, OCH(Ph)0), 3.58 (d, 1H, OCGig, 2J = 11.3 Hz), 3.33
(d, 1H, OCHC,2J = 11.3 Hz), 1.15 (s, 3H, ring C#}, 0.92
(s, 3H, ring CH). The compound decomposed on CI-MS
analysis.

Unstable8c and 8d were acetylated successfully:
4-Acetoxy-5,5-dimethyl-2t-butyl-1,3-dioxane (11c).
Dimer 10 (0.511 g, 2.5 mmol) and pivalaldehyde (2.75 mL,
25 mmol, 1000 mol %) were placed in a 25-mL two-necked

flask under argon and stirredrf@ h at 65°C. The solution
was cooled to GC and stirred for another 3 h. Pyridine (8.0
mL, 99 mmol, 4000 mol %) and acetic anhydride (9.5 mL,

pivalaldehyde and the excess aldehyde was removed undei01 mmol, 4000 mol %) were added at®©, and the mixture
reduced pressure (60 min at 0.5 mmHg). The catalyst solutionwas stirred overnight, allowing the temperature to rise to

of monolithium alcoholate of diol3 (30 mol %, 0.1 M in
THF) was added at 8C, and the reaction was stirred for 60
min at 0°C. The reaction was quenched with 0.5 mL of 2

room temperature. Excess pyridine was removed by evapora-
tion with toluene (3x 20 mL). The salts were removed with
filtration through a silica column. Solvents were evaporated

M HCI, and the workup was carried out as in the preparation and the products purified by column chromatography (EtOAc:

of 9a. Column chromatography purification (gE,:MTBE,
90:10) gave 0.223 g (60% vyield). TLGX = 0.58.'H NMR
(CDCl;, 400 MHz) 6 3.93 (s, 2H), 3.28 (d, 2H3J = 6.6
Hz), 2.31 (t, 1H,3J = 6.6 Hz), 1.22 (s, 9H), 0.93 (s, 6H).
13C NMR (CDCk, 100 MHz)6 179.3, 69.2, 68.2, 39.0, 36.7,
27.2, 21.3.

Dioxanols8d, 8f, and8g from high-boiling aldehydeg
decomposed during evaporation of excesg and thus their

hexane, 5:95). TLC:R = 0.64 (EtOAc:hexane, 7:3}H
NMR (CDCls;, 400 MHz) trans-isomer 2S*,4S*-11c, 35%)
0 4.81 (d, 1H2) = 0.7 Hz), 4.68 (s, 1H), 3.85 (d, 1R) =
10.8 Hz), 3.39 (dd, 1HJ = 10.8 Hz,4J = 1.1 Hz), 1.16 (s,
3H), 0.91 (s, 6H), 0.82 (s, 3H). (cis-lIsomer 2S*,4R*-11c,
65%) & 4.58 (s, 1H), 4.19 (s, 1H), 3.59 (d, 1A] = 11.2
Hz), 3.33 (d, 1H2J = 11.2 Hz), 1.04 (s, 3H), 0.94 (s, 6H),
0.82 (s, 3H). IR (KBr-disk) 2974.5, 2875.0, 2854.8, 1756.4,

esterification was not possible in this work. The Tishchenko 1466.2, 1397.5, 1373.8, 1363.9, 1230.6, 1122.6, 1008.3, 922.
reaction of8gwas studied without the evaporation of excess Analysis: Calculated for GH,,0, C 62.58, H 9.63; Found
aldehyde, but a large number of side products were obtainedC 62.73, H 9.57.

due to aldot-Tishchenko reaction, and we were not able to
isolate monoestedg.
5,5-Dimethyl-4-hydroxyl-2-cyclohexyl-1,3-dioxane (89).
Dimer 10 (1.030 g, 5.0 mmol) was dissolved in cyclohexyl-
carboxaldehyd&g (6.1 mL, 50 mmol, 1000 mol equiv) under
argon. The solution was stirredrf8 h at +65°C and then
cooled to 0°C and stirred for another 3 h. TLO% = 0.65
(EtOAc:hexane, 7:3)H NMR (CDClz, 400 MHz) trans-
isomer 2S*,45*-8g, 34%) 4.82 (d, 1H, OCH(GH1,)0O, 3J
= 5.0 Hz), 4.79 (s, 1H;-OCHOH), 3.84 (d, 1H, OC}C,
2J = 10.8 Hz), 3.37 (dd, 1H, OC4€, 2 = 10.8 Hz,4) =
1.2 Hz), 2.28-2.16 (m, 1H), 1.94-1.58 (m, 5H), 1.421.06
(m, 5H), 1.16 (s, 3H, ring CkJ, 0.81 (s, 3H, ring Ch). (cis-
Isomer 2S*,4R*-8¢g, 66%) 4.56 (broad s, 1H, OCHOH),
4.33 (d, 1H, OCH(GH1)O, 8] = 5.0 Hz), 3.58 (d, 1H,
OCH,C,2J=11.3 Hz), 3.33(d, 1H, OC}C,2J = 11.3 Hz),
2.28-2.16 (m, 1H), 1.942.58 (m, 5H), 1.42%.06 (m, 5H),
1.04 (s, 3H), 0.81 (s, 3H, ring GH
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4-Acetoxy-5,5-dimethyl-2-(1-ethylpentyl)-1,3-diox-
ane (11d).Dimer 10 (2.046 g, 10 mmol) was dissolved in
2-ethylhexanal (9.17 mL, 101 mmol, 1000 mol-%) under
argon. The colourless clear solution was heated3ftn at
+63 °C. Hexane (2 mL) was added and the solution cooled
immediately to 0°C. The solution was stirred f@3 h at 0
°C. The ratio ofLOto 8d was 14:86. Only two diastereomers
of HPA-2-ethylhexanal dimer were observed (ratio 69:31).
H NMR (CDCls, 200 MHz) (Diastereomer 1, 319%)5.07
(d, 1H, OCHRO2J = 2.7 Hz), 4.81 (d, 1H, OCHOH,) =
1.6 Hz), 3.86 (d, 1H, OCKC, 2J = 10.6 Hz), 3.40 (dd, 1H,
OCH,C, 2] = 10.6 Hz,%J = 0.5 Hz), 1.86-1.40 (m, 1H,
n-Bu-CH-Et), 1.40—1.10 (m, 4H, 2 CH,, CH,CHCH,),
1.1-0.8 (m, 12H, 4 CHjy). (Diastereomer 2, 69%) 4.59
(s, 1H, OCHOH), 4.56 (d, 1H, OCHR®] = 2.3 Hz), 3.61
(d, 1H, OCHC, 2] = 12.0 Hz), 3.34 (dd, 1H, OCitT, 2] =
11.4 Hz,4) = 0.6 Hz), 1.80—1.40 (m, 1Hn-Bu-CH-Et),
1.40-1.10 (m, 4H, X CH,, CH,CHCH,), 1.1-0.8 (m, 12H,



4x CHs). Acetylation was carried out as wigb and column
chromatographic purification (EtOAc:hexane) gave a dia-
stereomeric mixture of1d in 34% isolated yield (1.86 Q).
TLC: R = 0.40 (EtOAc:hexane, 20:80% NMR (CDCls,
400 MHz) (cis-isomer 25*,4R*-11d, 65%)5.56 (d, 1H2J
= 0.9 Hz), 4.60 (dd, 1H3J = 5.9 Hz,3J = 2.2 Hz), 3.63 (d,
1H,2J=11.4 Hz), 3.43 (d, 1H3J = 11.4 Hz), 2.14 (s, 3H),
1.60—1.25 (m, 9H), 1.13 (s, 3H), 0.76 (s, 3H), 0.95-0.85
(m, 6H), 0.76 (s, 3H).ttans-Isomer 2S*,4S*-11d, 35%)
5.77 (d, 1H,2J = 1.5 Hz), 4.87 (dd, 1H3) = 3.3 Hz,3) =
1.1 Hz), 3.80 (d, 1H2J = 10.8 Hz), 3.49 (dd, 1H*RJ = 11.1
Hz,4) = 1.7 Hz), 2.12 (s, 3H), 1.601.25 (m, 9H), 1.24 (s,
3H), 0.93—-0.85 (m, 6H), 0.76 (s, 3H).

X-ray crystal data of 11c¢:*® formula GH»04 M =
230.30, colorless crystal 0.58 ms0.13 mmx 0.13 mm,
a=6.077(1) A,b = 9.311(1) A,c = 12.580(1) A,a =

(18) Crystallographic data (excluding structure factorsBhas been deposited
with the Cambridge Crystallographic Data Centre as supplementary publica-

tion nos. CCDC 162042. Copies of the data can be obtained, free of charge,

on application to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK (fax:
+44 1223 336033 or e-mail: deposit@ccdc.cam.ac.uk).

72.34(1)°,p = 89.02(1)°,y = 75.20(1)°,V = 654.36(14)
A3, peac = 1.169 g cm?3, u = 0.086 mn1?, no absorption
correction,Z = 2, triclinic, space grouf’-1 (No. 2),A =
0.71073 A,T = 173 K, w and ¢ scans, 4970 reflections
collected, [(sind)/A] = 0.65 A 1, 2971 independenR(, =
0.024) and 2170 observed reflectiohs[20(1)], 146 refined
parameters, R= 0.047, wR2= 0.104, largest diff. peak and
hole 0.21 ¢0.23) e A3, hydrogens calculated and refined
as riding atoms.
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