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Dynamic Stereochemistry of Imines and Derivatives. Part Vil.! Thermal

Epimerization of Chiral Oxaziridines

By Johannes Bjorgo, Derek R. Boyd,” Rose M. Campbell, and Norris J. Thompson, Department of
Chemistry, Queen’s University of Belfast, Belfast BT9 5AG
W. Brian Jennings, Department of Chemistry, University of Birmingham, Birmingham B15 2TJ

An enantiomeric preference in both cis- and trans-oxaziridine isomers is produced by asymmetric oxygen atom
transfer from (+)-peroxycamphoric acid to imines. A favourable selection of reaction conditions followed by
fractional crystallization and thermal epimerization is used to obtain enantiomerically homogeneous cis- and trans-
oxaziridines. Optical activity was totally retained in the thermal isomerization cycle (cis —% trans —» cis or
trans —»= cis —¥ trans) indicating that oxaziridines isomerize by nitrogen inversion rather than by bond cleavage.
The barriers to pyramidal nitrogen inversion (AG?) in thermally stable cis- and trans-oxaziridines were measured by

both n.m.r. and polarimetric methods.

PYRAMIDAL nitrogen stability in non-bridgehead posi-
tions was first demonstrated in 1968 by the physical separ-
ation of cis- and frams-isomers of N-chloroaziridines 2
and N-alkyloxaziridines.® The latter report also pro-
vided the earliest example of asymmetric synthesis at
nitrogen since the optically active oxaziridines were

(+)-PCA epoxidation (<8%)81° and in sulphide-
(+)-PCA sulphoxidation (<12%).11 Thus in terms of
enantioselectivity the imine—(+)-PCA reaction currently
represents the closest stereochemical analogy to the
chiral oxygen atom transfer enzymes (mono-oxygenases)
ubiquitous in nature. 1213
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ScHEME 1

formed from the reaction of the chiral oxidant, (+4)-
peroxycamphoric acid (PCA), with a range of imines.
Subsequent studies of the imine~(+)-PCA synthesis of
oxaziridines showed that enantioselectivity could be
increased to give an optimum of ca. 509, optical purity.4-?
This relatively high optical yield associated with the
imine~(-)-PCA reaction is in marked contrast with the
low optical purity consistently observed in olefin—
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Stereochemistry of oxidation of frans-cis-imines

Earlier studies 34 of the imine-(+)-PCA reaction
revealed a marked effect of solvent and of temperature
on the optical yield of oxaziridines. The present study
concerns the effect of imine structure on stereoselectivity.
(+)-PCA Oxidation of the equilibrating frans—cis-imines
shown in Scheme 1 generally gives both cis- and trans-
oxaziridines each with a predominance of one enantio-
meric form (enantioselectivity).
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The results of (+)-PCA oxidation of imines of the
type shown in Scheme 1 are summarized in Table 1.
The optical rotations were found to be negative for
both the cis- and #rams-epimers as found for previous
oxidations of imines with (+)-PCA.37 In order to
investigate the optical purity and relative configuration,
the separated cis- and frams-oxaziridine isomers were
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heating, both isomers of the other oxaziridines (5) and
{6) were easily isomerized.

It is clear from the results in Table 2 that thermal
epimerization at nitrogen involves a change in sign of
the optical rotation. Thus the predominant enantio-
mers of each of the cis- and #rans-oxaziridines produced
simultaneously on oxidation are opposite in absolute

TaBLE 1
Stereochemical relationships between frans—cis-imines and product #rans—cis-oxaziridines

NO, NO,
Q A
C= Nsz —_—> /C '-—."{‘\'\"'R2
R! R'
cis- [¢)p (°) oxaziridine §
Oxaziridine Imine R! R? cis-Imine (%) *t Oxaziridine (%) t$ trans cis
1) (7 H Me <1 34 —10.5 —0.7
2) (8) H Pri <1 45 —10.0 +5.7
(3) (9) H But <1 1 —11.2
(4) (10) Me Me 3 80 —b5.4 —9.6
(5) (11) Me Pri 5 80 —17.0 —12.6
(6) (12) Me But 2 73 —2.2 —41.0
* 94 cis-Isomer in equilibriun with the frans-isomer, determined by n.m.r. in CDCI, solution at room temperature. t Product

oxaziridines were separated and purified by column chromatography prior to optical rotation measurement in chloroform solution

at room temperature.
temperature.

thermally epimerized in tetrachloroethylene solution
(Table 2). The cis- and frans-isomers were isolated and
purified by chromatography and identified by n.m.r.
(Table 3) prior to specific rotation measurement. It

TABLE 2
Specific rotations from thermal epimerization of cis-trans-
oxaziridines
[alp (°) of [alp () of
oxaziridine oxaziridine
before after
attempted attempted
epimerization epinerization *
Oxaziridine ¢rans cis trans cis
(1) —10.5 —10.5
—0.7 +0.9 —0.7¢
®)) —10.0 —10.0
—b5.7 +5.4 —56.7¢
(3) —11.2 —11.2
@) —5.4 : t
--9.6
(5) —17.0 —17.0 +23.1
—12.5 +11.0 --12.6
(6) —2.2 —2.2 +4.1
—41.0 +19.0 —41.0

* Epimerizations were carried out in C,Cl,. } Epimeriza-
tion terminated at ca. 509, interconversion. { Decomposition
and low yields of frans-isomer prevented the isolation of an
adequate quantity of pure product.

was not possible to isomerize the frans-oxaziridines
(1)—(3), whereas the corresponding cis-oxaziridines
could be isomerized before decomposition became
appreciable. With exception of the oxaziridines cis-
and frans-(4) which were very rapidly decomposed on

t Initial %, cis-oxaziridine after oxidation in CH,Cl, at ca. 0°, determined by n.m.r. in CDCl; solution at room
§ cis-Nomenclature is used to relate the p-nitrophenyl and R? groups.

configuration at the ring carbon atoms. The stereo-
selectivity of attack at the enantiotopic faces of the

TaBLE 3
N.m.r. [3(CDCly)] data for cis- and trans-oxaziridines

NRt? CR?
Oxaziridine ‘trans cis " trans cis
(1) 2.95 (s) 2.49 (s) 4.57 (s) 5.33 (s)
(2) 2.47 (sp) 2.30 (sp) 4.69 (s) 5.42 (s)
1.34 (d) 1.28 (d)
1.21 (d) 0.79 (d)
(3) 1.17 (s) 4.70 (s)
4) 2.95 (s) 2.40 (s) 2.02 {s) 1.81 (s)
(5) 1.90 (sp) 1.90 (sp) 1.96 (s) 1.83 (s)
1.31 (d) 1.20 (d)
1.18 (d) 0.83 (d)
(6) 1.31 (s) 0.91 (s) 2.06 (s) 1.72 (s)
sp = Septuplet.

imines during asymmetric synthesis resulted in a higher
optical purity for the frams-isomer of oxaziridines (1),
(2), and (5) but in a lower value for frams-(6). It is
difficult to detect any definite trend in enantioselectivity
with steric size from the results in Table 2 since only
oxaziridines frans-(3), trans-(6), and cis-(6) have been
resolved (see later).

Optically active oxaziridine #rans-(3) obtained after
(+)-PCA oxidation at —70° in dichloromethane was
previously 4 reported to have a maximum [¢], of —95°
(CHCly), after multiple recrystallization from pentane.}

t Subsequent experiments showed that the maximum rotation

was in fact [«]p —99° (CHCl,) and the latter sample is now con-
sidered to be enantiomerically homogeneous.
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With similar treatment of oxaziridine cis-(6) a constant
optical rotation was again observed after multiple
recrystallization from pentane, [, —160° (CHCL).
Thermal interconversion of cis-(6), [, —160° (CHCl,)
produced frans-(6), [], —+82° (CHCl;). This total
resolution was repeated on a larger scale but the maxi-
mum optical rotation observed after recrystallization to
constant rotation was identical to that recorded above
and is thus considered to represent 1009, optical purity.

The thermal isomerization of geometric and optical
isomers of aziridines 4 and oxirans 1% proceeds wia con-
rotatory ring opening to the isoelectronic azomethine
ylide and carbonyl ylide intermediates respectively.
The complete retention of optical activity which was
observed after the thermal isomerization cycle of
trans-(6) —= cis-(6) —» trans-(6) or  cis-(6) —»
trans-(6) —»~ cis-(6) (Scheme 2) indicates that isomeriz-
ation did not involve any measurable degree of bond

NO, NO;
QC/—}N/ CQN/
/o \ /N

cis trans ‘gt

cis trans cis
—41.0° ——p +19.0° ——p —41-0°
trans cis trans
—2.2° ——— +4.1° ———p —2,2°
ScHEME 2 Thermal epimerization cycles

cleavage (e.g. nitrone formation) analogous to that
found in aziridines and oxirans. Thus, thermal iso-
merization of oxaziridines frans- and cis-(6), as suggested
previously %16 for other oxaziridines, is now shown to
proceed exclusively by a nitrogen inversion mechanism.

The barrier to pyramidal nitrogen inversion for ¢rans-
and cis-(6) was determined after following the progress
of epimerization by (a) n.m.r. (in tetrachloroethylene)
or (b) polarimetry (using the n.m.r. method to determine
the equilibrium constant K). Both methods gave
approximately the same AG? values, however the standard
deviation was larger by the n.m.r. method:

(a) T 333 K, 9% trans at equilibrium 34 4- 1
ktram-) cis + kcig——) trans (21 :t 03) X 1041

Rirans _y cis (1.38 4- 0.42) x 1074 s
AGYrans _y cis 25.40 + 0.25 kcal mol™!

Reis—y trans (0.72 4 0.13) X 104 571,
AG* iy trans 25.85 + 0.15 kcal mol™!

(b) T 333 K, 9, trans at equilibrium 34 4 1
ktram_-> cis + kcix_->tmn: (2.3 4-0.1) X 104 571

Rerans—s. cis (151 = 0.17) X 10 571,
AGygns—y 1z 25.35 + 0.1 keal mol!

Beis —y trans (0.79 4= 0.07) X 102 71,
AGHs_y trans 25.80 4 0.1 kcal mol!

J.C.S. Perkin II

These isomerization barriers agree well with previous
measurements for 2-t-butyl substituted oxaziridines in
tetrachloroethylene solvent !¢ and are, as anticipated
for an inversion mechanism, much lower than those

TABLE 4

Physical properties and microanalytical data for imines
(7)—(12) and oxaziridines (1)—(6)

Imine*
()  M.p. 106—108° (lit.,1* 107°)
(8) M.p.49—50° (lit.,2° 54—b55°)
(9) M.p. 73—75° (lit.,20 73—75°)
(10) M.p. 71—73° (Found: C, 60.5; H, 5;5, N, 15.5.
CyH,(N,O, requires C, 60.7; H, 5.6; N, 15.7%)
(11) B.p. 956° at 0.056 mmHg (Found: C, 64.0; H, 6.8;
N, 13.5. C,,H,,)N,O, requires C, 64.1; H, 6.8;
N, 13.6%)
12 B.p. 100° gt 0.1 mmHg (Found: C, 65.2; H, 7.3;
P g
N, 12.7. C,,H,,N,O, requires C, 65.5; H, 7.3;
N, 12.7%)
Oxaziridine*
trans-(1)  M.p. 83—84°, [a]p —10.5° (lit.,! 80—81°)
cis-(1)  M.p. 93—94:, [e]p —0.7° c(li’c_.,l 94—96")0
trans-(2)  M.p. 46'—47 R cI;oc]n —10.0 o(llfc.,l 47—48°) .
cis-(2)  M.p. 103—104°, [a]p —5.7° (lit.,! 102—103%) .
trans-(3) M.(pc. }(;&—)6(21.é [;]%5— lelé°2) ; m.p. 83—84°, [a)p +99
it., —
trans-(4) M.p. 87188°, [¢)p —b5.4° (Found: C, 55.9; H, 5.2;
N, 14.3. C,H,,N,O, requires C, 5§56.7; H, 5.2; N,
14.4%,)
cis-(4) M.p. 89—90°, [«]p —9.6° (Found: C, 55.6; H, 5.2;
N. 14.69,)
trans-(5) M.p. 49—5%)°, [a]Jp —17.0° (Found, C, 59.0; H, 6.6;
N, 12.4. C,,H,,N,O, requires C, 59.45; H, 6.3;
N, 12.69%,)
cis-(5) M.p. 81—83°, [«]p —12.5° (Found: C, 59.2; H, 6.4;
N, 12.59,)
trans-(6) M.p. 57—b58°, [a]p —2.2° t (Found: C, 60.9; H, 6.8;
N, 11.9. C,,H,(NO requires C, 61.0; H, 6.8; N,
11.99%,)
cis-(6) M.p. 84-—85°, [o]p —40° t (Found: C, 60.6; H, 6.6;
N, 11.89%)

* All taken in CHCl,. { Maximum rotation found from
epimerization of ¢is-(6) ([«]p 4-160°) was [«]p +82°. 1 Maxi-
mum rotation obtained after oxidation in CH,Cl, at —70° and
recrystallization to constant rotation was [«]p 4-160°.

found from thermal epimerization of N-methyloxa-
ziridines (ca. 32 kcal mol).17 While thermal decom-
position of the N-methyloxaziridines used in the latter
work occurs readily, little evidence of decomposition of
oxaziridines ¢{rans- and cis-(6) during the course of the
kinetic experiments (333 K in tetrachloroethylene) could
be found. As expected the AG*? values for 3-alkyl-3-
aryloxaziridines frans- and cis-(6) lie between those for
the diaryloxaziridine (13) (26.2 kcal mol?),® and the
dialkyloxaziridine (14) (24.9 kcal mol™1).18

The mechanism of the imine-peroxyacid reaction is of
current interest in view of the conflicting interpre-

14 R. Huisgen and H. Mader, J. Amer. Chem. Soc., 1971, 93,
17717.

15 H. H. J. MacDonald and R. J. Crawford, Canad. J. Chem.,
1972, 50, 428.

18 J. Bjergo and D. R. Boyd, J.C.S. Perkin 11, 1973, 1575.

17 A. Mannschreck, J. Lins, and W. Seitz, Annalen, 1969, 727,
224,
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tations of kinetic studies,'®1® however it is obviously
not possible to distinguish between the concerted and
stepwise mechanisms from the differing degrees of
enantioselectivity shown by the product #rans- and

o ..
O o\ N/ ) \ /
\But

13) (14)

cis-oxaziridines. It is however also of interest to
speculate on the reasons for the considerably higher
optical yields of the imine—(+)-PCA reaction relative to
olefin~ or the sulphide-(+)-PCA reactions. The much
faster rate of imine oxidation (and thus lower tem-
peratures at which oxidation will occur) will favour a
higher degree of asymmetric induction. An additional
or alternative explanation could be that the mechanism
is stepwise, in contrast to the concerted mechanism
which has been established for olefin- and sulphide-
peroxyacid oxidations.! It is also possible that hydro-
gen bonding between the nitrogen lone pair of the imine
and the free carboxy-group in (+)-PCA may increase
the rigidity of the transition state and lead to a higher
degree of enantioselectivity.

The value of this enantioselective procedure over the
analogous epoxidation and sulphoxidation reactions is
evident from the range of oxaziridines [(3), (6), (13}, and

18 YV, Madan and L. B. Clapp, J. Amer. Chem. Soc., 1969, 91,
6078.
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2-isopropyl-3,3-diphenyloxaziridine] which have to date
been isolated in optically pure form after a combination
of asymmetric synthesis and fractional crystallization.

EXPERIMENTAL

The methods of synthesis and of stereochemistry deter-
mination of imines and of oxaziridines are as previously
reported.1'4#518  The separation of cis—trans-oxaziridine
mixtures was achieved by silica-gel column chromato-
graphy eluting with either dichloromethane (1009,) or
ether-light petroleum (5:95). Separation of #rams- and
cis-(4) proved difficult under the latter conditions and a
total separation was obtained by repeated preparative
t.l.c. using silica gel plates and dichloromethane as eluant.
The physical properties and microanalytical data for all
new compounds are included in Table 4.

Kinetic studies were conducted under thermostatically
controlled conditions (-4 0.1 K) using purified tetrachloro-
ethylene. A Varian A-60 n.m.r. instrument and a Perkin-
Elmer 141 automatic polarimeter were used to monitor the
progress of the epimerization. The n.m.r. kinetic studies
were carried out in the usual manner using direct multiple
integration which gave both Rugns—y cis + Ecis—y trans and
K oqui.- The treatment of kinetic data was as reported
previously.1¢
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