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STEREOISOMERS OF PROTECTED 2-HYDROXYMETHYL-1,3-BUTANEDIOL 1
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Summary : Monoacetate 3 is a synthetic equivalent of asymmetrized tris
(hydroxymethyl)methane 1, which is a new chiral building block endowed with
latent C3y symmetry. Thanks to this property, starting from a single enantiomer 3,
it is possible to get not only both (R) and (S) aldehydes 7, but also all the
sterecisomers deriving from addition of a C-nucleophile to 7, just relying on
a single diastereocontrol (double stereodivergency).

The two main problems often encountered in the asymmetric syntheses involving small
chiral building blocks belonging to the “chirality pool” arise from the fact that: a) some of these units
are actually easily available only in one enantiomeric form; b) during the creation of a new chiral
centre it is not an easy task to find conditions allowing the synthesis of both possible

diastereoisomers with high stereocontrol.2
OR: Here we wish to show how the new chiral C-4 building block 1
R'O\/g [asymmetrized tris (hydroxymethyl)methane (THYM)), recently synthesized by
us,3 allows, thanks to its latent C3y symmetry, the easy overcoming of both the

1 OR2  above mentioned problems. As a first example of these properties, we report

the fully stereodivergent4 preparation of all possible stereoisomers of variously
protected 2-hydroxymethyl-1,3-butanediols, starting from a single chiral precursor.

Scheme 1 describes the solution of the first problem: monoacetate 3, which is a synthetic
equivalent of 1, and which is obtained in good yield and excellent enantioselectivity by pig

pancreaﬁc lipase eatalysed mnohydrolysis of diacetate 2,% mmmmmmmm

We then examined the stereochemical course of condensation of methyl-metal compounds
with these aldehydes.S It should be pointed out that 7 possesses two differently protected
hydroxymethyl groups and that therefore chiral discrimination can rely only on the different nature of
protecting groups. The results reported in the Table clearly indicate that, while conventional
reagents like organolithium or organomagnesium derivatives show only modest levels of induction,
excellent diastereoselection was achieved by employing lithium dimethylcuprate as nucleophile.”
The high stereoselection is most likely ascribable to a chelated transition state, taking into account
the known8 propensity of dialkyl lithium cuprates for p-chelated transition states, and the low
tendency of silyl ether to coordinate metal ions, both for electronic and steric reasons.? This is an
example of protecting group directed diastereoselection.10.11 -
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a) PPL, H20 / Pr20 85:15, pH 7 (see ref. 4); b) BuMe2SiCl, DMF, imidazole, R.T.; c) 0.1 N KOH in MeOH; d)
PhCHzOCHgCI. EtN(I-Pr)& CHoCla, R.T.; a) O3, CHaCl. H, -78°C; then Me2S, R.T., 5h.

How can the other diastereocisomer be prepared efficiently? In the case of aldehyde 7, even
if conditions avoiding chelation were employed, the Felkin open-chain model for asymmetric induc-
tion in the nucleophilic addition to carbonyl anticipates a low diastereoselection and still predicts 8
as the favoured product. However in this case we can benefit by the residual latent Cs symmetry
still present in the right hand of 8, converting this adduct, by simple protecting group interchanges,
into doubly protected triols of both diastereomeric series. This concept had been implemented as
indicated in Scheme 2 and illustrated schematically in Scheme 3 . Thus we can conclude that
monoacetate 3, which is a convenient synthetic equivalent of 1, is the first doubly stereodivergent
building _block,4 since not only it can afford both aldehydes (R) and (S) 7 at will
(enantiodivergency), but also, when these aldehydes are elongated with concurrent creatlon of a
new chiral centre, 3 single : : e
(diastereodivergency). As a consequence, all four sterecisomers of a given doubly protected 2-
hydroxymethyi-1,3-butanediol are easily synthesized starting from the same chiral precursor (S) 3.

It should also be noted that compounds 11-14 still bear two protecting groups that can be




TABLE: Diastereoselection in methyl-metal additions to aldehyde (R) 7
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Entry: Me-M Solvent Temperature Yield® 8 : 9 ratiob
1 Me-Li THF -78°C 77% 54 :46
2 Me-Li EtO -78°C 79% 52:48
3 Me-MgBr EtO -78°C—-20°C 55% 58:42
4 Me-Mgl EtO -78°C—-20°C 69% 59: 41
5 Me-MgCl THF -78°C—-20°C 61% 57 : 43
6 MeCu-MgBr2 Et20/ MezS -78°C—-25°C 53% 82:18
7 MeoCuli EtO -78°C—-30°C 74% 95:5

a) Isolated ylelds from 8 (2 steps); b) determined by TH n.m.r. of crude products in the presence of Yb(FOD)z:
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a) 1) H-BugNFs3 H20, THF, R.T., 81%; 2) HoC=C(Me)-OMe, p-TSA, CHzCla, 0°C, 99%; 3)Hz, Pd-C, CaCOs, EtOH,
84%. b) 1) Hp, Pd-C, CaCO3, EtOH; then H2C=C{Me)}-OMe, p-TSA, CHoClg, 0°C, 85%; 2) n-BugNF+3 H20, THF, 0°C,
96%. ¢) 1) MEM-CI, EtaN, CH3CN, reflux, 24 h, 73%; 2) nBuyNF+3 Hz0, THF, 0°C, 95%; 3) Pha#BuSICl, imidazole,
DMF, 24 h at R.T. + 8 h at 50°C, 86%; 4) Hp, Pd-C, E1OH, 87%; d) 1 and 2) sée e; 3) Pho#BuSICl, imidazole, DMF, 18h,
R.T., 91%; 4) pyridinium tosyiates, EXOH, 80°C, 5h (ref. 12), 55%; @) 1) MEM-CI, EtaN, CHaCN, reflux, 24 h, 73%; 2) Hp,
Pd-C, CaCOs3, EtOH, 83%; f) 1) Php#BuSiC), imidazole, DMF, 85°C, 10h, 88%; 2) pyridinium tosylate, EtOH, 60°C, 8h,
75%. g) 1 and 2) see f; 3) MEM-CI, EtgN, CH3CN, reflux, 18h, 79%; 4) Hp, Pd-C, E1OH, 90%. h) 1) Pha#BuSICl,
imidazole, DMF, 85°C, 10h, 88%; 2) Hp, Pd-C, CaCOs, E1OH, 71%; 3) MEM-CI, EtaN, CHaCN, refiux, 28h, 64%; 4)
pyridinium tosylate, EXOH, 85°C, 4h, 61%.
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a: protacting group interchange trick
b: chelation-controlied condensation

classified as chelatmg (MEM, BOM) or “non-chelating”
(Me2f BuSi-, Phat BuSi-). In 11, epi 11, and 12, the “non-
chelating™ group is on the primary OH, while the "chelating”
group is on the secondary one. The situation is reversed for 13,
14 and epi14. Therefore these compounds offer a complete
range of options for further chelation-controlied condensations.

Utilization of this new C-4 chiral building block in the
synthesis of biologically active compounds, as well as other
applications of the double stereodivergency concept are in
progress in our laboratory.
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