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ABSTRACT
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Highly efficient C2 selective substitution reactions of 2,3-epoxy alcohols with nucleophiles were developed by using NaN;—(CH30);B, NaSPh—
(CH30)3B, or NaCN—(C,Hs0)3:B system. The reaction proceeds through novel endo-mode epoxide opening of an intramolecular boron chelate,
which was suggested from both experimental and quantum mechanic studies.

extremely difficult, despite its synthetic importarfcathough
a few particular cases with use of steric and/or electronic
bias have been reportéd.

Since the discovery of the KatsukBharpless asymmetric
epoxidation in 1980,reactions of 2,3-epoxy alcohols with
various nucleophilgshave been extensively studied in the
context with the chiral synthesis of biologically important

natural compounds. The utility of this type of reaction is ||| N QN NG

dependent on its regioselectivity, and the C3 selective

substitution reactions via an intramolecular metal chelate  (patha) Ln (path b) (pathc) Ln
(Figure 1, path a) have been widely used in organic | o ,\[,I
synthesi$® On the contrary, it has been known that the C2 (’O" o R/Q}\O o'l) o
selective substitution reaction of a 2,3-epoxy alcohol is Rfu (N "= R/QIJ
- Nu™" ~Ln L——
Nu Nu
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Recently, we have reported that the combined use of;NaN
and PhB(OH) effected the C2 azide substitution reaction
of atrans-2,3-epoxy alcohot,which was originally designed



by assuming an intramolecular ate complex (Figure 1, path The exceptionally high C2 selectivity exhibited by the
b), the same as the reactions of an epoxy alcohol with Red-(CH;0);:B—NaN; system led us to examine the scope of the

Al® or organocopper reagerfs A The synthetic potential of

boron-mediated substitution reaction (Tables 2 and 3). The

the reaction prompted us to investigate the boron-inducedreactions ofransepoxy alcohol® and3 with NaNs;, NaSPh,

substitution reaction in detail. We now report the new

findings that the boron-mediated substitution reaction of 2,3-

or NaCN produced the corresponding C2 substitution
products with extremely high regioselectivity 92:8) and

epoxy alcohols proceeds via an intramolecular boron chelatechemical yields, respectively (Table 2, entries 1—6).

through an unprecedenteddemode epoxide opening with
extremely high C2 selectivity (Figure 1, path c).

Initially, the reactions oftrans-2,3-epoxy-1-hexanoll}

with several reagents were examined to compare the regi-

oselectivity (Table 1).

Table 1. Substitution Reaction afans-2,3-Epoxyhexanol

OH X
o]
mpr S hon SRS "Pr)\f/\OH + ”Pr)s\:/\OH
X OH

entry reagents X C2:C3 yield,® %

12 NaNs, (CH30)3B N3 82:18 97

20 NaN3,NH4CI N3 15:85 95

3¢ Ti(O'Pr)»(N3)2 N3 3:97 88

4d Me,CulLi Me 41:59 93

aThe reaction was carried out in DMF at 5UC.° Reference 2.
¢Reference 3cd The reaction was carried out in ether at30 °C.
€ Combined isolated yield.

Use of a new combination (G)sB—NaN; instead of
the previous system (PhB(OF)NaN;) was found to

Table 2. Substitution Reactions dfans-Epoxy Alcohols

NaX
(CHZ0);B or
R/3<?/1\OH (Cz 50):8 )\/\ )\/\
2 DMF OH
entry epoxide (R) X c2:.C3 yield,d %
12 2 (BnOCH,) N3 92:8 96
2b SPh 95:5 97
3¢ CN 92:8 96
42 3 (TBSOCHy) N3 92:8 99
5b SPh 95:5 98
6°¢ CN 93:7 89
70 1 (nPr) SPh 85:15 97
8¢ CN 84:16 83

aWith 2 equiv of NaN and 1.5 equiv of (CED)sB at 50°C. ® With 1.5
equiv of NaSPh and 1.3 equiv of (GB)3B at room temperaturé. With
4 equiv of NaCN and 3 equiv of ¢ElsO)3B at 70°C. ¢ Combined isolated
yield.

Similarly, thetrans-epoxy alcohol having no particular
oxygen function on the side chain produced the C2-
substitution products predominantly (Table 2, entries 7 and

enhance both the reaction rate and the regioselectivity, and8). These results unambiguously demonstrate that the boron-

an 82:18 mixture of the azido diols was obtained in
quantitative yield (entry 1). The remarkable C2 selectivity

mediated substitution reaction wns-epoxy alcohols gener-
ally occurs at the C2 position with high regioselectivity,

of the boron-mediated substitution reaction is apparent in Whereas the reactions ois-epoxy analogues were far more

comparison with that of conventional azide substitution

reaction$ (entries 2 and 3). It should be noted that even the

reaction ofl with the Gilman reagent, which would involve

sluggish and resulted in decreased regioselectivity (Table 3).

an ate complex intermediate (Figure 1, path b), does notTable 3. Substitution Reactions afis-Epoxy Alcohols.

proceed regioselectively (entry 4).
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. o) , NaX OH X
€roe  phegy v adyon
R OH DMF
X OH

entry epoxide (R) X Cc2:C3 yield,© %
1a 4 (BnOCHy) N3 73:27 96

20 SPh 76:24 90
32 5 (nPr) N3 31:69 89

4b SPh 48:52 85

awith 3 equiv of NaN and 3.5 equiv of (CED)sB at 50°C. ® With 1.5
equiv of NaSPh and 1.3 equiv of (GH):B at room temperature.
¢ Combined isolated yield.

In turn, we focused on the mechanism of the present
boron-induced substitution reactions. Contrary to our as-
sumption involving the ate complex intermediate (Figure 2,
B), the transition structures proposed by calculation strongly
suggested the intermediary of an intramolecular boron chelate
(©).
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Figure 2. Optimized transition structures of boron-mediated

substitution reactions dfans-2,3-epoxybutanol and azide i¥h.
Bond lengths are shown in A. Energies relativetare shown in
brackets.

contrary, if the reaction proceeds under chelation control
(path c),syn-6would react faster thaanti-6 with higher
selectivity because of severe steric hindrance between the
methyl and a nucleophile in the latter.

Indeed, the reaction afnti-6 with Me,CuLi gave the C2
substitution product predominantly (Table 4, entry 2), while

Table 4. Substitution Reactions &fyn-6andanti-6

0 X OH
NN reagents :
2y OBn — \:)2\:/\0Bn + \:/\Ci:/\OBn
H : : :
syn-6 OH OH OH X
0 X OH
N reagents ‘3
Yy oen ——— 2>7oBn * Y Y oen
OH OH OH OH X
anti-6
entry  epoxide reagents X C2:C3 yield, %
12 syn-6 Me,CuLi Me  50:50 76
2a anti-6 Me,CuLi Me 79:21 83
3b syn-6  NaNs (CH30);B Nz  89:11 92
4b anti-6  NaNs, (CH30)sB Nz  46:54 30d

aThe reaction was carried out in ether-aB0 °C. ® The reaction was
carried out in DMF at 5C°C. ¢ Combined isolated yield of the isomers.
dCa. 70% ofanti-6 was recovered.

syn-6afforded a 1:1 mixture of regioisomers in lower yield.
These outcomes are consistent with the reaction mechanism
involving an ate complex intermediate. On the other hand,
the reaction ofsyn-6 with (CH3;O);B—NaN; produced the

C2 substitution product with high regioselectivity and

Since this type of substitution reaction has never been chemical yield (entry 3), whereas the reactiorofi-6 under

reported, we designed two epoxy alcohsym-6andanti-6

the same conditions resulted in the formation of an almost

as probes to discriminate between the two reaction mecha-equal amount of regioisomers in poor yield (entry 4). These
nisms (Figure 3). In the case of the reaction involving an results clearly demonstrate that the boron-induced substitution

R? 0
R=5"~>""0Bn ...,

OH
syn-6:R'=H, R2= Me
anti-6: R' = Me, RZ2=H

O
Rz., Hg OBn MeO\B(’D_NfO
R' H or Oi He OBn
O\E /Ns R2mez, H
Med OMe (pathb) R" Ny (pathc)

Figure 3. A probe to discriminate between the two reaction

mechanisms.

ate complex intermediate (path Byn6 would exhibit lower
reactivity and selectivity thaanti-6 owing to steric repulsion

reaction of epoxy alcohols does proceed via a nevelo-
mode epoxide opening of an intramolecular boron chelate
(path c).

In conclusion, we have realized the first C2 selective
substitution reactions of epoxy alcohols with nucleophiles
which proceed through noveindo-mode epoxide opening
of intramolecular boron chelates with extremely high selec-
tivity. The boron-induced substitution reaction of epoxy
alcohols should provide a powerful methodology in organic
synthesis, including natural product synthesis.
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