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Esters and Related Functions
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Secondary Stereoelectronic Effects

and Relative Stability of Esters

even t-butyl formate:
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T Versus o-nt in Z-ester and E-ester (lactone)
and Justification of the Relative Importance of Resonance
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Comparison Between Z and E-esters
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LACTONE: RATE OF HYDROLYSIS 1N NaOH / Dioxan-H,O (60:40)
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CH Acidity in Z and E-esters
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Meldrum’s Acid

(K x& . x} «»x}

pKapmso = 7.3

SR oL R o

E. M. Arnett, S. G. Maroldo, S. L. Schilling, J. A.
Harrelson, 8
J. Am. Chem. Soc., 1984, 106, 67509.



PKA —sf C—H

(TR w
o) = -
\‘ﬁf" Wo
cH-.\(cooQa_ Yo i +é>( i
M aldrinn's
3.3 ‘-f_._?3
W
R °~g\ i
r
Me M
A - denkaclio diueslonie
(3.9 (.2
- 8 a BE . Kou
N (o) l i o
. i - H -—> (
6 VR ' “ A
(3.5 Botituns oa
H.ot

¥ u Woou B
)<C°CH B b\ o (3\\ o
cg,poc 3 «—> é@
Q,d;r\a*..,to-aa-vl-a?h e, At

[0.7 8.7
-+ + —S_ H
i -
Mo N R L \H 4+ \H
C.H

y D Vellerinm ot oo €eon. Chase. Butl. 301,85 (2), 74279

¥ v C>.$J—%9»0Qd~ 2Fok WA ([ QuewN. chlawm. 300K, 109,3¢79~
3L

3 :
J A L Paney atot I el Colue. 2000, PEED, Bro=qus




Relative Stability of Dialkoxy-carbonium lon
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Experimental Evidence for Secondary Stereoelectronic Effects

lodide Displacement on Lactonium Salt
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SN, on secondary carbon faster than primary one due to SE control
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Resonance Structures in Lactonium Salt
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Stereocontrolled Cleavage of Hemiortoester
Tetrahedral Intermediate
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t Bond and Hemiorthoester Cleavage

. R R
R \/\0 R\\\/-\O R\l-/\//
Q ¢ o = / ¢ o) - o c D
~~
g F Q. _ O
Z intermediates E

(energy barrier)

' R '
o Yo o Yg 0, Yo
~l . POl O a~l
O\RT > o\T/s ) T/s
Y Y Y

14



O18-Exchange Concurrent to Hydrolysis in Ester and Lactone
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O18-Exchange Concurrent to Hydrolysis in Z Ester
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In both k, and k;, cleavage takes place with

2 secondary stereoelectronic effects (or 2 A.E.)

(1) Groupe partant semblable

(2) Transfert de protons ala vitesse de diffusion
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t Bond and Z Ester Hydrolysis
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Lactone (E-ester) do not undergo O8-Oxygen
Exchange Concurrent with Hydrolysis
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in k5, cleavage takes place with 2 secondary stereoelectronic effects
in k,, cleavage takes place with 1 secondary stereoelectronic effects
k;is thus greater than k,

consequently no O!8 exchange even if there is conformational exchange (37 to 38) 18



Prediction of Hydrolytic Pathway of Lactone
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t Bond and Lactone Tetrahedral Intermediates
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Reaction of Alkoxide on Lactonium Salt

Experimental proof of stereoelectronic control
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t Bonds — Alkoxide on Lactonium Salt
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Hydrolysis of Cyclic Orthoesters

The formation of esters from the mild acid hydrolysis of orthoesters proceeds through the
formation of a hemi-orthoester tetrahedral intermediate as described by the following equation
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Mild Acid Hydrolysis of Bicyclic Orthoester with Two Different Alkoxy Groups
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Nine Conformers of Cyclic Orthoester
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B, D, G, Hand | are eliminated because of strong steric effects (>4 kcal).

Cis unreactive.

A, E and F should be reactive.



C is unreactive in acid
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The Three Reactive Conformers and their
Corresponding Dialkoxy Carbonium Salt

R
Qo" ¥ /R S /R
e
N‘TB N\ N\oo
Qs -

A : E E

i e !
| ¢

| 0 070 =
O;C—Q'"‘.' —=C—O0q =90
&8/ -——O\R 8’0—0‘ OH ['2

Z,E E,E Z,E

(1) E cleaves with no secondary S.E.

(2) A and F cleave with one secondary S.E.

(3) Fyields one molecule (ring is cleaved)

(4) A yield two molecules (favored entropically)

A is thus the favored cleavage
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t Bonds and the Three Reactive Conformers
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Hydrolysis of cyclic orthoester

HYDROXY-ESTER (Z)

without chair inversion
via 20-22
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CONCLUSION:
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>5% lactone in case of ring inversion is explained by cleavage as above and by cleavage of 23 and 24.



Product ratio of lactone (L) and hydroxy-ester (E) from the hydrolysis of cyclic orthoesters as a function of pH*

pH 0.9 pH 1.9 pH 3 pH 4 pH 4.7
L%/E% L%/E%  L%/E% L% /E% L%/E%

OCH;,4
OCH; 22:78  21:79  22:78 21:79 15:85
0 1
OEt
C(l;om 19:81 21:79  26:74 6:94 4:96
2
OCH;
Q\ocu, 33:67 32:68  31:69 16:84 11:89
2
OCH,
CH, 53:47  55:45  53:47 13:87 7:93
6
OCH,3
OCH; 10:90 10:90 9:91 <5:>95 <5:>95

CH,
)\CiOCH’ 19:81 14:86 13:87 7:93 i
0 4
OCH;
wocu, e < 6:94 <5:>95 <5:>95 S
5

*The pH values refer to the pH of D,O/DCI solutions before the mixing with the solution of
orthoester in hexadeuterated acetone (see Experimental).

RESUME: With Chair Inversion: pH < 3: more lactone Without Chair Inversion: all pH: > 95% hydroxy-ester
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pH > 3: <5% lactone

[ Can.J.Chem. 1985]



Hemiorthoester Mechanism of Fragmentation as a Function of pH
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Small % of Lactone Produced in Cyclic Orthoester Hydrolysis
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Cyclic Orthoester with Ring Inversion
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Relative Rates of Hydrolysis
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BIMOLECULAR PROCESS: RELATIVE RATE

Orthoester
of formic acid

Rel. rate:

Entropy:

Leaving group:

Orthoester
of acetic acid

Rel. rate:

Entropy:

Leaving group:
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Sinnott Opposition to « Stereoelectronic » Effect

rate of hydrolysis

OEt OEt
EtO—C—OEt H—C—OEt
OEt OEt
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Sinnott! concluded that there is evidence that neither a steric nor any transition state “stereoelectronic effect” is
responsible for the lower reactivity of the orthocarbonate vs orthoester. This was based on an incorrect statement.?
“In the S, conformation, each C-O bond is antiperiplanar to an sp? lone pair of electrons on each of the remaining
three oxygen atoms.” On the contrary, the S, can have only two such lone pairs.

0—C¢
d O_O\O—R
relative rate 1 0

1 Kandanarachchi, P., Sinnott, M. L. J. Chem. Soc., Chem. Commun. 1992, 777.

2Li, S., Deslongchamps, P. Tet. Lett. 1994, 35, 5641.
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RELATIVE RATE OF HYDROLYSIS:
ORTHOESTER VS ORTHOCARBONATE
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ORTHOESTER AND

Hydrolysis

ORTHOCARBONATE: relative Me H*

rate Q ‘ J

o)
RELATIVE RATE, o
CONFORMATIONAL ANALYSIS, 500 = Me
AND ® o
STEREOELECTRONIC EFFECTS 0
Me H

O
50 5&0%\00’ ve —

11

38



Acid Hydrolysis of Tricyclic Orthoester

1 fast
—_— >

slow

fast

fast
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4 + 5 (80:20) Heterocycles 1996, 42, 617.
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Reaction Pathways of Hydrolysis of Orthoester
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DIFFERENCE OF REACTIVITY BETWEEN OXENIUM AND DIOXENIUM IONS
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ORTHOESTERS REACT WITH GRIGNARD REAGENTS TO YIELD ACETALS AND KETALS

OR OR
! |
R— C—0R + R’— MgX ——p» R— C—O0OR + MgXOR
| |
OR R’

1 2

Orthoester 3 gives 5 with axial R group; 4 is unreactive

Rz OCH, B A
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0 0
3 5 4
Mg Xz *
o R
A2 ,..':OgHS 2 O
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6 8

3and 4 (R, =R, =H; R, =R,=CH, R, =CHs R,=H)

Grignard Reagent (R; = CH;, C,Hs, (CH3),CH, p-RCHgH,) Eliel

N.B. Leaving OCH; group and incoming alkyl group prefer axial orientation. 43



