OC

The Cycloaddition of Nitrones with Homochiral
Cyclopropanes

Katarina Sapeta and Michael A. Kerr*

Department of Chemistry, The Umirsity of Western Ontario,
London, Ontario, Canada N6A 5B7

makerr@uwo.ca

Receied July 23, 2007

RLr.0 R R, .O_R®
le . T><COZMG Yb(OTf)s N ee is temperature,
R2 CoMe (cat)  Re : R dependent
oo > 95% MeO,C’ €O,Me

The cycloaddition of nitrones and enantiomerically pure

Note

SCHEME 1. Preparation of Tetrahydro-1,2-oxazines
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this note, we describe results of the examination of the nitrone
cycloaddition with enantiomerically pure 1,1-cyclopropanedi-
esters. In brief, the electronic nature of the cyclopropane
substituent (Rin compound4) coupled with reaction temper-
ature dictates translation of optical activity to the adduct. We
show that both the cycloaddudsand the cyclopropanediesters
4 are subject to racemization under typical Lewis acidic reaction
conditions. We believe this provides evidence for a ring-opened
zwitterionic intermediate during the reaction.

To date, there have been several asymmetric approaches
reported toward the nitrone/cyclopropane cycloaddition. Sibi and
co-workers have described a'NDBFOX—Ph chiral Lewis acid

cyclopropane-1,1-dicarboxylates is examined. Transfer of gystem in which tetrahydro-1,2-oxazines are obtained in high

optical activity to the adduct is dictated by thermal reaction
conditions and nature of cyclopropane substitution. Optically

ee values but with diminished diastereoselectivity when 2-sub-
stituted 1,1-cyclopropanediesters are emplolédry recently,

active 2-substituted cyclopropane-1,1-dicarboxylates areTang et al. have demonstrated that adducts are obtained in high

shown to racemize under typical reaction conditions, provid-
ing evidence for a zwitterionic ring-opened intermediate.

The 1,3-dipolar cycloaddition reaction is a highly efficient
and powerful method for the assembly of a variety of biologi-
cally important heterocycles in a convergent fashion from simple
precursord. Of particular interest to us is the Lewis acid
catalyzed cycloaddition reaction of nitron8sand 1,1-cyclo-
propanediesteréto form tetrahydro-1,2-oxazine derivatives
which we have shown to proceed with excellent yields and with
high 3,6<¢is diastereoselectivity using ytterbium triflate as the
optimal catalyst (Scheme %)This account was followed by a
simplified three-component protocol in which the reaction
proceeds with formation of the nitrone in situ from hydroxyl-
aminesl and aldehyde23 and that magnesium iodide was also
effective in mediating the reactidn.

The 1,2-oxazine motif possesses synthetic utility through
reductive N-O bond cleavage to form highly functionalized
1,4-amino alcohofsand is found in a number of bioactive
natural product8.Promoting the nitrone/cyclopropane cycload-

ee and dr values with a Nirisoxazoline system, and that,
cleverly, a kinetic resolution of racemic cyclopropanes could
be performed with the same catalyst, providing a straightforward
route to either tetrahydro-1,2-oxazine enantiofiafe have used
optically active cyclopropanes in the first total synthesisiof (
phyllantidiné€ and, more recently, the total synthesis of the
complex marine alkaloidH)-nakadomarin A9 Both syntheses
relied on an enantiospecific nitrone/cyclopropane cycloaddition
as the key step. Our motivation in the following account stems
from the observation that, when using enantiomerically pure
cyclopropanes, a small loss of optical activity was seen in some
cases depending on the substrate and reaction conditions.
Recent results from our laboratory indicate that the cycload-
dition is likely a stepwise annulative process, with initig2S
type displacement of the malonate ion, followed by ring closure
of the resultant iminium speciés Consequently, formation of
enantiomerically enriched oxazines through the use of optically
pure cyclopropanes is feasible, assuming that clean inversion
at the chiral center occurs without opening of the cyclopropane
to a planar zwitterionic intermediate. Loss of optical purity
would result if this were the case, either by re-forming the

dition in an enantioselective sense, either through asymmetriccyclopropane in diminished ee or by reaction to form the

catalytic methods or by virtue of optically active substrates, is 3cemic adduct. To examine this, a series of cycloproparies (R
consequently desirable to gain access to these useful targets. Ino phenyl ©-4a, vinyl, (S-4b, —CH,OBn, (R)-4¢) were
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prepared in high enantiomeric excess (ee 95%)2 and
subjected to typical reaction conditioks.
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zation to form enantiomelll or expulsion of the nitrone to

-o- 1t return to planar zwitterionic cyclopropane intermedidte
& 60°C remains a distinct possibility. Such a retro-Mannich event would
- 110°C

be most prevalent with the-benzyl nitrones (thus explaining
¥ the increased racemization in these cases) NFhkenyl adducts
40 :-:‘- e s would not be as prone to retro-Mannich ring opening due to
B decreased availability of the nitrogen lone pair. This is reflected
28 e e in the retention of optical integrity df-phenyl adducts at room
R e temperature and higher (entries-@, 8). It must also be noted

i i il il i i that temperature was not observed to have influence over

time {h) reaction diastereoselectivity.

* Determined by HPLC on a chiral phase Our interest, given the results above, turned to behavior of
isolated adducts and their susceptibility to racemization, if any,
when exposed once again to Lewis acidic conditions. Table 2
shows change in ee values of a selection of isolated adducts

fRﬁsﬁgsr;orr?)Af are sk][c;wnr;nt Frlgur? % rNoWdetecE)tabrIS Igss;/ }Jpon re-exposure to Lewis acid in refluxing conditions. Results
of enantiomeric excess at room temperature was observed OveL o . ngistent with those of the cycloaddition reaction, namely,
the course of 24 h. However, with an increase in temperature,

) . that more pronounced losses in ee were observed in adducts
ge values of the cyclopro_pﬁrjle bdgcreased, a drc_)ughlg; IInearprepared fronN-benzyl nitrones and phenyl cycloproparg-(
gcre;\jiw?iseﬁn atz[o, V\;'It a te:ng reccivreor:e n 68l otee 4a (entries £5), while N-phenyl adducts fared better under
arter 2= h ot heating. At refiux In toluene ( ), complete the same conditions (entry 6). The degree of racemization was
racemization was achieved in 4 h. In contrast, exposure of both

. -~ temperature-dependent: add&ci{R! = Bn, Rz = 4-OMeGHg,
I(S)-4p and R)-4cto hars;hgr cci[ndmonfs e?r:nbn_edlno dete;:table_tm% ee) saw a drastic loss at reflux in toluenerdvér to 8%
10SS In €€, an unexpected outcome for the viny! exampie, as | ee, while stirring at room temperature over 5 days provided a
is predicted to be comparable to the phenyl moiety in regards

P . ) ) ..~ modest decrease to 69% ee. In comparison with previous
;O stablgﬁanog ofa 4p05|t|ve ch?rge. Rteter][tlon of opgcalﬁactl\élty observations, neither temperature nor reaction duration was seen
or (9-4b and R)-4c was a p €asant outcome and oflered a ., oroqe diastereomeric ratios of the re-isolated addficts.
rationale for the complete preservation of optical purity in the . L .
asymmetric synthesis of both phyllantidfnend nakadomarin In conclusion, we have reported the racemization of optically
A1 respectively active 2-substituted 1,1-cyclopropanediesters under the typical

,We now turned our attention to behavior of the cyclopropanes mtro_ne/ c_yclopr(_)pane cyclo_adc_m!on cond_mons, !m_pllcatlng a

in the cycloaddition itself using a series of nitrones. Table 1 Lewis acid stabilized zwitterionic intermediate. This is observed

shows ee values for adducts obtained at various temperaturesthrough diminished optical purity of adducts obtained with

Nitrone examples include N-aliphatic and N-aromatié (R enantiopure cyclopropanes. Evidence for reversibility of the ring
benzyl, phenyl, respectively), witlw-aryl groups including forming event is provided; optical purity of isolated cycloadducts

electron-poor, -rich, and -neutral{R 4-NO,CgHa, 4-OMeGH, is shown to erode presumably via a retro-Mannich initiated
phenyl). Either the two- or three-component procedure for the event. Further investigation into the reaction mechanism is
cycloaddition could be used (see Experimental Section). ongoing.

Some results from Table 1 are worthy of note. Adducts
prepared from cyclopropan&)(4c (entries 7, 8) were shown  Experimental Section
to retain optical integrity throughout the reaction over a broad General Procedure for Tetrahydro-1,2-Oxazines (Three-
temperature range, as expected, while adducts derived from the(:omponent Coupling). 5f: Yb(OTf)s (10 r;wg 0.016 mmol) was
phenyl cyclopropanegj-4a exhibited diminished ee values with added to a solution qf—methoxybenzaldehydé (24 mg, 0.22 mmol)
temperature increases (entries@). This is consistent with  and phenylhydroxylamine (22 mg, 0.20 mmol) in dry toluene (2
results of racemization studies shown in Figure 1 and is a mL). The solution was stirred over activetd A molecular sieves

FIGURE 1. Racemization of §-4a at various temperatures.

consequence of racemization &)+4a prior to cycloaddition. under argon for 30 min at which time cyclopropa#e (37 mg,
The electronic character of thearyl portion of the nitrone also ~ 0.16 mmol) was added. Mixture was then refluxed for 6 h. After
had an effect on enantioselectivity of the reactibhBenzyl completion as determined by TLC, contents were preadsorbed onto

adducts with an electron-rich group were faster to racemize atSilica and purified by flash column chromatography (silica gel,
elevated temperatures (entry 3), while those containing an &lution gradient 3-15% EtOAc/hexanes) to affoisf in 89% yield
electron-poor group were slower (entry 1). (65 mg, 0.14 mmol, cream needles): mp $685°C; R = 0.37
It is worthwhile to note that, while optical integrity of (30% EtOAc/hexanes):H NMR (400 MHz, CDCL) (major
o ’ . diastereomer) = 7.56 (d,J = 7.6 Hz, 2H), 7.53-7.43 (m, 4H),
cyclopropaneg)-4aremains intact at room temperature (Figure 7 427 37 (m, 1H), 7.17-7.13 (tt,J = 8.0, 1.0 Hz, 2H), 7.09 (dd,
1), no such retention was seen in a number of adducts formedj = 8.8, 1.2 Hz, 2H), 6.846.79 (tt,J = 7.2, 1.2 Hz, 1H), 6.71 (d,
at room temperature, most notabl-benzyl adducts (Table 1, J = 8.8 Hz, 2H), 5.75 (s, 1H), 5.655.00 (dd,J = 2.8, 8.0 Hz,
entries +3). With regard to this curious result, a plausible 1H), 3.92 (s, 3H), 3.71 (s, 3H), 3.50 (s, 3H), 229083 (dd,J =
scenario for racemization is provided (Figure 2). Ring opening 14.4, 12.0 Hz, 1H) 2.862.76 (dd J = 14.0, 2.4 Hz, 2H)}*C NMR
of the adduct is thought to arise via expulsion of the malonate

ion through an available retro-Mannich pathway, (%> 1) (14) Adducts derived from phenyl cyclopropane were isolated in er 17
at which point a number of events may occur. Attack of a second 18:1 of 3,6¢istransin all cases at all temperatures, while adducts GH,-

nitrone onl, resulting in double inversion and, hence, racemi- SE”N%’%OWOP&”Q did not contain detectable traces oftiwes isomer

(15) See ref 14. All adducts were recovered without change in initial dr
(13) Toluene 4 A molecular sieves, 10 mol % of Yb(Of) (*H NMR).
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TABLE 1. Tetrahydro-1,2-oxazine (5) Enantiomeric Excess Values at Various Reaction Temperatures

enantiomeric excess (%)

entry nitrone cyclopropane adduct yield @) 22°C 60°C 110°C
1 33, Rl =Bn, R2= 4-NO,CgH4 (9-4a 5a 73 90 80 36
2 3b, R'=Bn, R2=Ph ©-4a 5b 93 84 54 21
3 3¢, Rl = Bn, R2= 4-OMeGHg4 (9-4a 5c 88 78 36 13
4 3d, Rt = Ph, R= 4-NO,CgH, (9-4a 5d 85 >95 86 79
5 3¢ Rt=Ph, R=Ph ©-4a 5e 95 >95 >95 >95
6 3f, Rl = Ph, R=4-OMeGH, (9-4a 5f 89 >95 94 88
7 3b (R)-4c 59 85 >95 >95 >95
8 3e (R)-4c 5h 76 >95 >95 >95

aReactions conducted in toluene, 10 mol % of Yb(QTf)Determined by HPLC on a chiral phase. Reactionetihh for §-4a, 24 h for R)-4c.
¢ Optimal yields of isolated adducts. See Supporting Information for conditions.

RPI\‘?_OC—) , 461.1838, found 461.1846; HPLC separation 90:10 hexdiexi,
LR, R COMe 1.0 mL/min, 220 nmR; = 6.5, 8.5 min.
HZRe = General Procedure for Tetrahydro-1,2-Oxazines (Two-
LA’EE7;9 4 ooMe Component Coupling). 5d: Yb(OTf)s (3 mg, 0.0045 mmol) was
1l lowered ee added to a solution of nitron8d (15 mg, 0.063 mmol) in dry
_ 1[ toluene (2 mL) in the presence of activaté A molecular sieves
RL?«O under argon. Cycloproparda (11 mg, 0.045 mmol) was then added

@ .0
R1‘N— R NO _@

| (0] 3 0
SkR2 YbOTH, iR {ge R4

eH ;ﬂ\\ Rs3 Ranl y £
R3 E Sy2 E

and the solution stirred at room temperature for 6 h. After
completion as determined by TLC, contents were preadsorbed onto
silica and purified by flash column chromatography (silica gel,
elution gradient 515% gradient of EtOAc/hexanes) to affosd

CO,Me I inversion 1 § |
COMe in 95% yield (colorless crystals): mp 18536°C;_ R = 0.37 (30%
4 772 ﬂ EtOAc/hexanes)H NMR (400 MHz, CDC}) (major diastereomer)
R{ .O._R® 0 = 8.06 (d,J = 8.8 Hz, 2H), 7.78 (dJ = 8.8 Hz, 2H), 7.55 (d,

N

MeO,C CO,Me
5 5
lowered ee
FIGURE 2. A proposed mechanism for racemization.

TABLE 2. Optical Erosion for Selected Isolated Adducts 5

RLN'O WR?
RZQ Ry

MeO,C CO,Me

J= 7.2 Hz, 2H), 7.49 (tJ = 6.8 Hz, 2H), 7.43 (m, 1H), 7.17 (d,

J = 8.4 Hz, 1H), 7.15 (dJ = 7.6 Hz, 1H), 7.07 (d,) = 8.4 Hz,

2H), 6.85 (t,J = 7.2 Hz, 1H), 5.91 (s, 1H), 5.08 (dd,= 12.0, 2.4

Hz, 1H), 3.96 (s, 3H), 3.53 (s, 3H), 2.82.85 (dd,J = 14.4, 2.4

Hz, 1H), 2.81-2.74 (dd,J = 14.4, 12.0 Hz, 1H)}C NMR (125
MHz, CDCkL) (major diastereomer) = 169.6, 168.1, 148.3, 147.5,
142.9,139.0, 131.6, 129.0, 128.8, 126.6, 123.3, 122.6, 116.0, 79.0,
65.7, 59.4, 54.0, 53.2, 31.8; FTIR (thin film),.x = 2953, 1741,
1599, 1522, 1493, 1453, 1349, 1261, 1049, 950, 862, 755, 698,

initial temp final ; -
entry  adduct  ee (%9  time  (C)  ee (%) 600; HRMS calcd for GesHo4O/N, 476.1584, found 476.1586;
HPLC separation 87:13 hexané®OH, 1.0 mL/min, 220 nmR
2 5a 90 24 h 110 32 B )
3 5c 78 6h 110 8
4 5¢c 78 5d 22 69 Acknowledgment. We are grateful to the Natural Sciences
5 5b 84 3d 110 46 and Engineering Research Council of Canada (NSERC) and
6 5e >95 16 h 110 43
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from re-isolated adducts by HPLC on a chiral phase.
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