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A high diastereoselectivity (up to >98:2) is found for the DMD and m-CPBA epoxidations of chiral oxazolidine-substituted olefins with a urea
group. The selectivity is explained in terms of hydrogen bonding between the remote NH group of the urea functionality and the epoxidizing
reagent. Methylation of the NH group prohibits hydrogen bonding, and a reversed selectivity is observed due to steric repulsion between the
reagent and the urea functionality.

Epoxidations are among the most useful oxidation reactions extensively as effective and mild epoxidants. These versatile
in organic synthesis, since the epoxy functionality may be reagents become particularly valuable when their epoxida-
transformed by ring opening stereoselectively into a large tions are controlled stereoselectively; that is, the attack of
number of highly functionalized productsor this purpose,  the epoxidant prefers one of the faces of the olefinic
peracid$ and, more recently, dioxiranesave been used substraté.Besides reagent-controlled diastereoselectivity, the
influence of the olefin structure and especially directing
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directing group is located further away from the double the epoxiddk-2ato the known allylic alcoholk-3a8° which
bond? The observed stereoselectivity is significantly lower establishes thdike configuration. Furthermore, thik-2a
than for allylic substituents due to less efficient alignment epoxide was converted to itk-2c derivative through
of the substrate by the directing entity for a selectiviace methylation, which allowed us to assign the relative con-
attack. Nonetheless, recently we discovered the directingfiguration of thelk- andul-2c epoxides (Scheme 1). Thg
propensity of the remote urea NH functionality of chiral
oxazolidines in the singlet-oxygen ene reactioAs the
factors controlling singlet-oxygen reactions are often also
valid for DMD andm-CPBA epoxidations, these substrates

appeared to be promising for remote-functionality controlled ’ ol H ol HO
diastereoselective epoxidations. Herein we report that chiral b f\o o]
HoANLn-Ph B Al —ph i
| - H —
‘—< Me ‘—<

Scheme 1

oxazolidine-substituted olefins undergo highly diastereo- 4 NJLN"Ph
selective (up to-98:2) epoxidation with DMD anch-CPBA. ("
The diastereoselectivity is induced by a remote urea NH 5. PP w2t kaa
group.
The synthesis of oxazolidine-substituted oleflgs-c was @Key: (i) NaH, Mel, DMSO, 20°C, 15 h; (ii) activated AlOs,

described previousl§,and derivativeld was prepared by ~ N-hexane, 26C, 16 h.
condensation of tiglic aldehyde ar®@phenylglycinol, fol-
lowed by acylation with phenylisocyanate (cf. the Supporting ) ) ) )
Information). The substrates were epoxidized with di- 2d _epOX|de was synthesized independently from the optically
methyldioxirane in acetone amd-chloroperbenzoic acid in ~ active aldehyde 2R,3S%Scheme 2).

chloroform to yield the corresponding epoxideglable 1).

" Scheme 2

Table 1. Diastereoselective Epoxidation of
Oxazolidine-Substituted Olefins by DMD and m-CPBA

2R,38-3 ul-2d

aKey: (i) (1) KzCOs, CDCl, 20 °C, 2 h; (2) PhANCO, CDG|
20°C, 3 h.

convn dra

1 2 3 i b ~2-11l- . . . P .
entry Ar RT_R® R® oxidant® (%)° lk-2:ul-2 The exclusivelike diastereoselectivity in the DMD ep-
1 la CeHs H Me H DMD >95 >98:2¢ oxidation of thela,b derivatives (entries 1 and 2) may be
2 1b p-NO2C¢Hs H Me H DMD >95  >98:2¢ explained in terms of the highly effective hydrogen bonding
3 1c CgHs H Me Me DMD 94 26:74
4 1d CeHs Me H H DMD 78 74:26 (5) (a) Henbest, H. B.; Wilson, R. A. L1. Chem. Soc1957, 1958—
5 1la GCeHs H Me H m-CPBA 94 81:19 1965. (b) Chamberlain, P.; Roberts, M. L.; Whitham, GJHChem. Soc.
6 1D pNOyCoHy H Mo H mCPBA =95 873 DR iToist: (emicozs7, 2160 2154, (@) Asendi, G Mello,
) d ) .; Curci, R.J. Org. Chem ,57, - . sensio, G.; Mello,
7 1c GeHs H Me Me m-CPBAT 52 40:60 R.. Boix-Bernardini, C.; Gonzalez-Niez, M. E.; Castellano, GJ. Org.

8 1d CeHs Me H H m-CPBA >95 74:26 Chem.1995,60, 3692—3699. (e) Singleton, D. A.; Merrigan, S. R.; Liu,
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between the urea NH functionality of the olefinic substrate hydrogen bonding is obstructed. The hydrogen-bonding
and the oxygen atom of the DMD oxidant in the lower- conformer4a’ is favored by 3.2 kcal/mol ove#a'; thus,
energy transition structuléke-TS (Scheme 3). The impor-  this conformer is preferentially populated and epoxidation
by assistance through hydrogen bonding leads to the observed
high like diastereoselectivity (path a in Scheme 4). In
contrast, the conformeréd’ and 4d" are nearly equal in
energy (the conformedd" is even favored by 0.36 kcal/
mol over4d’) and both conformers will be essentially equally
populated. Since for the conforméd' effective hydrogen
bonding is difficult, the epoxidation along this reaction

Scheme 3

0>~‘N'H ( 0>~‘N-|-’| : o)-‘N-H channel (path b in Scheme 4) is expected to be unselective.
Ar ><9 Ar >:o Ar Thus, the moderate selectivity (74:26) for the substiate
1 © like-TS k2 results from the 50:50 superposition of the exclusividg-

selective epoxidation of the conforméd’ and the totally
unselective epoxidation of conforméd’. Application of
tance of the free NH functionality for thike diastereo- 1€ computational results fdad on the experimental cases
selectivity is emphasized by the reversal of selectivity upon 1&P.d (Scheme 4), the overall diastereoselectivity fat
capping of this group by methylation (entry 3). For substrate Should be lower than fota and 1b, as manifested by the
1c, hydrogen bonding is not possible and steric repulsion data in Table 1 (entries 1, 2 and 4).

between the urea functionality and DMD disfavors like For m-chloroperbenzoic acid a similar trend is observed.
attack and, therefore, a reversal of the diastereoselectivity isThus, the oxazolidines with a free NH group and a properly
observed to favor thenlike epoxideul-2c. aligned olefin conformation as in the substratéab

The importance of proper conformational alignment of the predominantly afford the correspondilie epoxides (entries
double-bond functionality in the substrate is demonstrated 5 and 6). N methylation as in substrdie(entry 7) expresses
in the epoxidation otis-dimethyl derivativeld (entry 4). a slight preference for thenlike epoxide (control by steric
Although this substrate bears a urea NH group, like effects), while for the tiglyl derivativéad (entry 8) a slightly
selectivity for the DMD epoxidation is significantly lower reducedike diastereoselectivity is observed. As in the DMD
than that of the oxazolidineds,b. The reason for the reduced epoxidations, hydrogen bonding between the oxidant and the
like diastereoselectivity is to be sought in the steric interac- NH functionality lowers the energy of thike transition state
tions between the additionatmethyl group of the double  and, thus, this attack is preferred (Scheme 5).
bond and the oxazolidine. To assess this, DFT calculations

(B3LYP/6-31G*) of the model substrates and 4d were _

carried out, in which the aryl group of the urea moiety was

replaced by a hydrogen atom and the phenyl substituent of SChem:e > .
the oxazolidine ring by a methyl group. Two conformational Rl < R;Xé__o_o R o
energy minima were found for the derivativda and 4d Ph ZNRE Ph OR_/ H.g—Ar  Ph 0_7%2
(Scheme 4). In the conformeda’ and4d’, thexr system is ’ H ' H - H
oriented favorably for hydrogen bonding with the urea NH *’NYN\Aer A’N\»’N\Ar TQ’NYN\N
) . . " Y e} o-H o} e}
functionality, whereas in the conformeds” and4d", the 1 N /U\o’o ke TS )J\OH 2

double bond is located directly above the Ngtoup and

Scheme 4

Usually hydrogen bonding is more effective forCPBA
compared to DMD epoxidatioffsand, therefore, it was
unexpected, that the diastereoselectivity fi-iCPBA was

R? R?
O e O B . . . .
R3£1%Path a 3/@&@( lower than for DMD, especially since the reaction medium
R

N - 5" —> lkepoxide is less polar for the peracid (chloroform) than for dioxirane
NHR* Ny (acetone) and stronger hydrogen bonding should operate for

" R4 R' R? R® R* m-CPBA. Inspection of molecular models suggests that the
hydrogen-bonded 1a | H Me Ph Ph lower diastereoselectivity of the peracid compared to the

ﬂ transition structure l: T‘e ,\;'e ,5,2 Eh dioxirane may be explained in terms of the higher steric

0 ! 0R1 4d| Me H Me H constraints for a proper alignment of the hydrogen bonding

H H ) between the urea NH functionality and the carbonyl group

R3 pathb_ . NI o ___, nor-facial fth id in thepi -, fth id
C%[‘ R e R preference of t e peraci in thepiro transition structure of the peraci
ANNHR? ] epoxidation (Scheme 5).

R? o It is instructive to compare the present results with the

no hydrogen bonding DMD epoxidation of chiral allylic alcohol&! In the reaction
of mesitylol (5) with DMD, a preference of the threo attack
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is observed (threo/erythre 76:24), which was explained
by beneficial hydrogen bonding between the oxygen atom
of the oxidant and the allylic hydroxy functionality, the latter
properly aligned by 1,3-allylic strain (Scheme 6). This

Scheme 6
OH

Y

o threo: erythro
76:24

threo-TS

diastereoselectivity is substantially lower than for the urea
derivativela(>98:2), although both possess structurally the
same double-bond functionality. This impressive difference
in the diastereoselectivity between the allylic alcohol and
the substrates demands an explanation. For a high diastere
selectivity, two prerequisites must be fulfilled: First, the

directing group must be fixed sufficiently on one side of the

0,

clear that the urea moiety is more acidic and, therefore, the
better hydrogen donép.Additionally, the hydrogen-donating
NH functionality of the urea substrate is located directly
opposite of the double bond, in optimal juxtaposition for
interaction with the oxygen atom of the epoxidant. Thus,
the urea-substituted olefin hydrogen bonds more strongly
with the dioxirane and exhibits a much higher diastereo-
selectivity than the allylic alcohol.

In summary, the present results show that a favorably
disposed urea NH functionality not only induces a very high
diastereoselectivity in the epoxidation by DMB $8:2), but
it surpasses in efficacy that far-CPBA (up to 87:13), which
is remarkable in view of the fact that peracids are generally
more effective than dioxirang€s.Although the directing
group is located four bonds away from the reacting site,
namely ther bond to be attacked, the perfect stereoselectivity
is caused by the optimal conformational alignment of the
olefin functionality for beneficial hydrogen bonding between
the urea NH group of the substrate and the oxygen atom of
the reagent. The directing ability of the urea NH group should
find valuable applications in the control of stereoselectivity.

Acknowledgment. The generous financial support by the

double bond; second, there must be an efficient interaction Deutsche Forschungsgemeinschaft (Schwerpunktprogramm
between the directing group and the reagent. For the allylic “Peroxidchemie: Mechanistische und préparative Aspekte
alcohol and the urea substrates the alignment of the directingdes Sauerstofftransfers”) and the Fonds der Chemischen

functionality is similar in energy (1,3-allylic strain favors
one conformer by 34 kcal/mol?) since both possess the
samesr system and, thus, the difference in the diastereo-
selectivity must arise from more effective hydrogen bonding

in the urea case. Since the ability to act as hydrogen donor

correlates with the acidity of a molecule, the stronger acid
should form the stronger hydrogen bond. From a comparison
of the acidities of 2-propanol K = 30.3)® and N,N-
dimethyl\N'-phenylurea (K, = 21.2)#in DMSO it becomes

(11) (a) Adam, W.; Prechtl, F.; Richter, M. J.; Smerz, A.Tetrahedron
Lett. 1993,34, 8427—8430. (b) Adam, W.; Smerz, A. K. Org. Chem.
1996,61, 3506—3510.

(12) Broeker, J. L.; Hoffmann, R. W.; Houk, K. N. Am. Chem. Soc.
1991,113, 5006—5017.

(13) Olmstead, W. N.; Margolin, Z.; Bordwell, F. G. Org. Chem198Q
45, 3295—3299.

82

Industrie (doctoral fellowship 1998-2000 for S.B.S.) is

gratefully appreciated. We thank Prof. Dr. K.-H. Drauz and
Dr. M. Schwarm (Degussa-Hiils AG, Hanau) for generous
gifts of optically active phenylglycinol.

Supporting Information Available: Experimental Sec-
tion with the details for the preparation ddl, the epoxidation
of oxazolidinesla—d, and the calculations for the preferred
conformations of the oxazolidines and4d. This material
is available free of charge via the Internet at http:/pubs.acs.org.

OL006800W

(14) Cheng, J.-P. Xian, M.; Wang, K.; Zhu, X.; Yin, Z.; Wang, P.J5G.
Am. Chem. So0cd 998,120, 10266—10267.

(15) DMSO rather than water was chosen for comparison of the acidities,
because like the actual reaction medium (acetone), it is an aprotic polar
solvent.

Org. Lett., Vol. 3, No. 1, 2001



