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AN ANALYSIS OF THE DIASTEREOMERIC TRANSITION STATE INTERACTIONS FOR STEREOSELECTIVE
EPOXIDATION OF ACYCLIC ALLYLIC ALCOHOLS WITH PEROXY-ACIDS*

Acharan S. Narula
Research School of Chemistry, The Australian National University,
P.0. Box 4, Canberra, A.C.T. 2600, AUSTRALIA

SUMMARY: Consideration of the magnitude of A(l’z) and A(l’a)-strain in the transition state
of the epoxidation of acyclic allylic alcohols, has powerful predictive value.

Among the reactions1 which are useful for controlling stereo-, regio-, and chemo-
selectivity in acyclic systems, epoxidation of acyclic allylic alcohols, using either
organic per-acids or more recently v5* catalyzed tert-butyl hydroperoxide has had phenomenal
success.z’3 While Sharpless and co—workers3 have recently provided a sound rationale for the
observed selectivity of y5* catalyzed tert-butyl hydroperoxide epoxidations, no parallel
treatment has been advanced for per-acid epoxidations. This letter is concerned with
evaluating the diastereomeric transition state interactions for the epoxidation of acyclic

allylic alcohols using peroxy-acids.

Inspired by the remarkable observation of Henbest and Wilson4 that hydrogen bonding of
the hydroxy group with a per-acid has a strong directive influence in the epoxidation of
cyclohex-2-en-1-0l, Sassiver and Englishswere the first to observe the threo-selectivity
(Threo: erythro =~ 1.5) in the epoxidation of acyclic allylic alcohols (1, X = R! = R? = H,

R may be Me, Et, i-Pr and t-butyl). Tables 1-3 provide a reflection of its current status and

one would note that the chiral allylic centre is either on the left or right appendage of C=C.

Transition State Model: The geometry of threo- and erythro-transition states shown in

Tables 1-3, are in accord with those suggested by Henbest4 and Whitham9 respectively and
draw support from the observed high negative entropy of activation (AS* = -41 eu) for the
epoxidation of cyclohex-2-en-1-ol with peroxybenzoic acid, suggesting a highly chelated and
oriented transition state. Recently Mihelich8 and Teranishi13 have also independently

supported this model.

Evaluation of Diastereomeric Transition State Interactions for Epoxidation of Acyclic

Allylic Alcohols: Before embarking on the steric aspects of the observed selectivity given

in Tables 1-3, a proper understanding of A -strain as described by Johnson14
is essential. Although these concepts were originally proposed to rationalize the stereo-
chemical behavior of enamines, enolate ions and imines in six membered rings, they have
enormous predictive value in other systems as well, if the required geometric constraints

are in order.

A(l’z)-Strain: For conformationally equilibrating conformers (4a « 4b), 4a is the
preferred conformer when R and R! are small, but as R and R! becomes moderately larger, 4b

having the axial substituent becomes the dominant conformer. This is due to a small dihedral

+*
Dedicated to Professor Arthur J. Birch on the occasion of his 65th birthday.
2017



2018

“(6961) 1SS ‘81 ‘WOU) ' [EIOWOUEBIQ '[ ‘Bpeuny 'y pue Tysedeq ‘N hﬁw.omv Mmﬁm”mmu SN oW eI H Y
‘eanyes ‘H {(£961) L8y ‘87 "WAYD 'BIQ ‘[ ‘JIOUTRXL ‘L°[ PuUB YISTZ . P
‘LTL :99S ‘sauBTIS TAUTA JO UOTIBPTIX0de OYJ UO UOTSSNOSIP B JI044 nﬁm.wmv .Nmm.mmv H  oH N H '
Hﬂﬁom"omu $CHDO- H q mﬁﬂ.«m”m.w@v H H ¢ H q
HHAOm”omu HO H 3 wﬁﬁm“hov MNnom”wov M H 3 H 3
NHﬁovNOOV $2HDO%HD- H 3 g (07:09) W H %H"™-3 H 3
HHﬁmN“mhu $CHDO- EonTS d hﬁovnvmu Mmﬁwwuomv H H 6H"-3 H °
ﬁﬂﬁvnomu.A HO- Eonts P Nﬁoq“oou Mmﬁmm”HOV H H e H p
HHAOHOOHV = $CHDOCHD - EanTS %2 oﬁooHHOV H H ¢ €S 3
oﬂﬁvuomu.A $CHD0HD- N q Nﬁmm”ﬂVv H H 6gh-u e q
oﬂhv“oov < HOCHD- N ® Nﬁmm”va H H N e B
mwmﬁoﬂumh oxylLxg :ooayy) | X Ax3yug mmmAOMpmm oxylfig :oaxyjl) zd A X Axjug
(y-vz) seprixoda-oryifig (y-ez) sepixodo-ooxyl (f-21) soprxods-oayzLig ([-e1) seprxode-oaxyj
' {9
X o H X VT O X - ‘ X 2
A H d
+ + 'Ii .
fo) H m.»;z 0 1 H* 0 1
HO HO HO
ﬁ uSL-oayifag,, uSL-09ayL,, N , wSL-0xyikig,, uSL-091YlL,, 3

K

o<,

(y-ez) stoyoorvy OTTAITY
ST1949y 30 uotyeprxody 8yl ur AITATIOO[SS09IS1S

‘7 °1qEL

d

(f-®1) stoyooTy STIAITY

OTT1240y Fo uotrzeprxodg 8yj Ul AITATION[9S08I93§ [ O1qEL




2019

Table 3. Stereoselectivity in the Epoxidation of Acyclic Allylic Alcohols (3a-b)

R
H
OH
3a-b
H 2 X
+
Me ., ~
R OH +
H X H X
Threo-epoxides (3a-b) Erythro-epoxides (3a-b)
Entry X R (Threo: Erythro ratio)
H ~CH,0CH, ¢ ~ (100:0)*?
b Me -CHy-0CHy ¢ (93:7)10

angle (v 35°) between Rl-(C-6)-(C-1)-R in conformer 4a and consequently the energy of

interaction between R and R! is greater than that of R! with the axial hydrogen at C-4,

plus the C-6 pseudo-equatorial hydrogen and R in 4b.

A(l’a)—Strain: For methylenecyclohexane such as 5a where R and R! are moderate in
size, they interfere with each other drastically, in fact more so than if they were 1,3-

diaxial in a cyclohexane ring. Thus conformer 5b having an axial substituent can be

R2
1
/’TR p

2 /
1
R 2

3 H\\]1/112
+H
5a sb R

expected to be favored at equilibrium. Conversely if R and R! are small, 5a is the
preferred conformer. The strain experienced by 5a is due to an ideal near-planar and syn

relationship between groups R and R! at C-1 and C-3.
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With the above considerations in mind, a careful analysis of the transition states
shown in Table 1, reveals that while the threo-transition state is destabilised due to a
1,2 . .
(1, )—straln) between (C-2)-X and (C-3)-R (dihedral angle

~ 15°, entry la-c), the erythro-transition state is destabilized as a consequence of A(l’a)—

1,2-eclipsing interaction (cf. A

strain between the syn-substituents Rl and R at C-1 and C-3 (entry ld-j). The magnitudes of
these interactions are clearly reflected in the observed selectivity (Table 1). Despite

100% stereo-selectivity for entry lc, it is surprising that it did not appear in a recent
report.1 The observed threo-selectivity as seen in Table 2 (entry 2a-e) is a direct measure
of A(l’z)—strain experienced by the erythro-transition state (notice the severe van der Waals
repulsive interactions between the Me group at C-1' and group X at C-2). For threo-
selectivity of Table 3, the A(l’s)—strain between Me at C-1' and axial H at C-3 in the
erythro-transition state plays the dominant role. This results because of a shorter
distance =~ 2.0 ; between the 1,3-diaxially oriented hydrogen atoms at C-1 and C-3.

15

In conclusion, the discussion presented above ™ relates the observed kinetic selectivity

in the epoxidation of acyclic allylic alcohols to the relative energies of the diastereo-

16,17
al

meric transition states, which is in accord with the Curtin-Hammett principle, nd

differs from that of other56’7’11

who have relied upon the preferred conformation of the
allylic alcohol. The merit of the latter argument probably has its origin in the principle
of least conformational distortiorx,18 but strictly speaking is not valid here because of the

strong influence of the hydroxy group on the approach of the per-acid.
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