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Abstract: Morpholinoallenes 4 react with dimethyl and di(rert-butyl) acetylenedicarboxylate to form 4-
alkylidene-3-morpholino-1-cyclobutenes 7 which undergo thermal rearrangement to [1,4]Joxazino[4,3-a)azepine
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derivaiives 8 and 9. The structures of 7a, 8aA, and 8¢ have been determined by singie-crystal X-ray diffraction.
A cis-fusion of the chair-like morpholine ring and the dihydroazepine ring is found in both 8aA and 8¢, but the
angular hydrogen atom is equatorial in 8aA and axial in 8¢c. NMR studies show that the respective chair
conformation of the morpholine ring which is found in the solid state is also favored in solution, but temperature-
variable spectra indicate that ring inversion is taking place. © 1999 Elsevier Science Ltd. All rights reserved.

Introduction

It seems remarkable that N,N-dialkylaminoallenes, in which the electron-rich enamine function is combined
with the {2]Jcumulene bond structure, have not yet found widespread use in organic synthesis. Previous
investigations have revealed three potentially useful reactivity patterns: (a) Aminoallenes which bear a CH-
substituent at either terminus of the allene function read_llv tautomerize hv a hvdrnaen shift to form the
corresponding 1- or 2-amino-1,3-dienes'"?. (b) (Dimethylamino)allene undcrgoes a meOLh [2+2] cycloaddition
reaction with electron-deficient alkenes"” and alkynes[ I, The cycloadducts obtained with alkynes, 4-
dimethylamino-3-methylenecyclobutenes 1, rearrange thermally to 2,3-dihydroazepines 3 via 2-allenylenamines
2 (equation l) {(c) 3-Aryl- or 3-vinyl-1-(N-alkylamino)allenes can be isomerized thermally to dihydroazepine
derivatives”®, e.g. 4 — 5 (equation 2).

if aminoauenes with the amino function incorporated in a ring sytem were submitted to the reaction sequence
of equation 1, bicyclic azepine derivatives should be obtained that are structurally related to heterocycles 5. We
report now that the cycloaddition/isomerization sequence described for (dimethylamino)allene (equation 1) can
be applied indeed to the highly substituted morpholinoallenes 4. This procedure provides an access to novel 1,4-
oxazino[4,3-alazepine derivatives which are distingnished from § both by substitution pattern and

functionalities.
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Results and Discussion

The reaction between equimolar amounts of morpholinoallene 4a and dimethyl acetylenedicarboxylate (6) in
ether was complete within one hour and yieided the formal [242] cycloaddition product 7a as a mixture of
dlastereomers The md]()l” isomer could be 1solated by crystallization and was shown to have the E-configuration
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was 1dent1ﬁcd by a crystal structure analy51s as the rel-(108,10aR) (or 10c,10a0) stereonsomer 8aA (Figure 2).
The rel-(10R,10aR) (or 10a,10af) configuration (8aB) was assigned to the second diastereomer based on the
NMR spectra (vide infra). Complete isomerization of (E)-7a to 8a occurred even at room temperature during
several weeks (acetonitrile) or months (chloroform), whereas the crystalline cyclobutene remained unchanged
during several months.

Similar to allene 4a, morpholino(triphenyl)allene (4b) was transformed into bicyclic azepine derivative 8b,

and 4c¢ gave 8¢ with rhmpfhvl uﬂprv]pnpdu‘arhnvv]qtp and 9 with rhfrprt_hntvh arpfvlpnpdir‘nrhnvvlatp In all
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three cases, the cvcloaddxtxon/tsomenzatlon sequence was carried out as a one-om oneratmn without 1solat10n of

the cyclobutene intermediate. Furthermore, it proved advantageous to use an excess (ca. 2 equivalents) of the
liquid alkyne without an additional solvent. With this procedure, the intermolecular cycloaddition could be
accelerated, and partial loss of the morpholinoallene by hydrolysis or slow thermal isomerization according to
equation 2 could be suppressed. For comparison, reaction of 3b with 6 by this procedure gave 8b in a yield of

41 %, while equimoiar amounts of the reactants in ether gave 5 (R = Ph, 15 %), 8b (i9 %) and ca. 8 % of
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dimethyl morpholinomaleate resulting probably from partial hydrolysis of the morpho olinoallene.

In contrast to 8aA/B, the replacement of a vinyl by a tert-butyl group resulted in the isolation of only one
stereoisomer of 8¢ and 9. According to the single-crystal structure determination (Figure 3), the stereochemistry
of 8¢ is the same as for 8aA, since the angular proton at C9 and the phenyl ring at C8 have a syn-relationship in
both cases. However, the solid-state structures of 8aA and 8c are distinguished by two different ring

conformations.
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o1 G AT) -~ Figure 1. Structure of (E)-7a in the crystal (PLUTON plot). Selected bond
A o O 4 lengths (A): C1-C2 1.559(7); C1-C4 1.553(8); C2-C3 1.331(8); C3-C4

R w@ 1.453(7); C4—C5 1.327(7); C2—C8 1.451(8); C3—C10 1.508(8). Bond angles
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<o s “Mg., C1 88.5(4). Torsion angles (deg): C3—C2-C8-01 167.7(6); C2-C3-C10-03
& 69.5(9); C3-C4-C5-C6 179.2(6).
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In mechanistic terms, it is suggested that the formation of the 1,4-oxazino[4,3-a]azepine ring system 8 from
4-alkylidene-3-morpholino-cyclobutenes 7 occurs in three steps. Initially, electrocyclic ring opemng of 7
generates a (1,3 4-pentatrienyl)morpholine. In contrast to analogously formed 2-allenylenamines 2" this
compound could not be detected by NMR spectroscopy. A 1,6-hydride shift from a NCH, position to the
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electron-deficient central allenic carbon atom generates a dipolar species which can be considered as an a.8.y,5-
unsaturated azomethine ylide and which can undergo 1,7-cyclization!” by a (conrotatory) 8r electrocyclic
reaction. The H migration / electrocyclization sequence has been invoked to explain the thermal isomerization
of a great variety of o,B,y,8-unsaturated amines, and the reactivity pattern is known under the names "tert-amino
effect” ®¥ and "a-cyclization of teriary amines” ey

Structure and conformation of 1,4-oxazino[4,3-aJazepine systems 8 and 9

Crystal structure determination of 8aA and 8c. The structures of these two compounds in the solid state are
shown in Figures 2 and 3; the arbitrary numbering scheme shown there is used for the discussion in this section.
In both cases, the morpholine ring adopts a chair conformation, and the two rings are cis-fused. Nevertheless,
two different conformations are found: While the attachmem of the dihydroazepine ring to the morpholine ring
in 8aA is axial at C9 and pqeudoequatorlal at N, it is equatorial at C9 and pseudoax1al at N in 8c¢. The nltrogen
i > ination but is still weakly pyra
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conjugation in thc enaminoester fragmen (N C4—C5—COOMe) are not very pronounced both cases, most
likely since the non-planarity of this moiety reduces the m-overlap. Corresponding torsion angles in the
dihydroazepine rings of the two structures show large differences, which are attributed mainly to the different
cis-fusion modes (see Newman projections along the N-C9 bond in Figures 2 and 3). The shape of the
dihydroazepine ring in 8¢ can be described approximately as an envelope conformation with C8 at the tip and
C9 in between C8 and the major plane of the envelope. In 8aA, the seven-membered ring can be considered to
adopt an envelope form with C9 at the tip but deformed towards a boat-shaped structure with the N-C4 and

C6—C8 bonds at the base and the C5-C6 bond CllSpldCCd in the direction of C9. In both cases, the stencally
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Figure 2. Structure of 8aA in the crystal (PLUTON plot). Sclected bond lengths (A): N-C4 1.372(5); C4-CS5 1.356(6);
C5—C6 1.469(6); C5—-C16 1.496(6); C6—C7 1.340(6); C6—C18 1.520(6). Bond angles (deg): C3—-N-C9 118.2(4); C3—
N-C4 121.2(4); C4-N-C9 120.5(5). Torsion angles (deg): C4-N—-C3-C2 -138.6(4); C4-N~-C9-C1 138.5(4); C4-N-
C9-C8 -88.3(4); O1-C2-C3-N -50.4(5); O1-C1~C9-N 52.3(5); N-C4~C5-C6 21.4(7); C9-N~-C4-C5 32.9(6); C4-

C5-C16~-02 -30.5(7); C5~C6-C18-04 143.2(5). A projection along the N—C9 bond and the torsion angles around this
bond are shown on the right.



Figure 3. Structure of 8¢ in the crystal (PLUTON plot). Selected bond lengths (A): N—C4 1.389(5); C4—C5 1.365(5);

C5-C6 1.475(5); C5-C16 1.476(6); C6—C7 1.330(5); C6—C18 1.497(6). Bond angles (deg): CI-N—C9 (108.3); CI-N—-

CA 102N CAN_CO 194 (2 Tarcinn anglac fdagy: (CA_N_C1_M97 0N QAN CA_N_CQ_M2 Q6 QrAY CA_N_MO_MQ
M LAVLA T J, WTTINTLT 147000 ). 1 UISIUTE alIZICS (GUE J. LATINTU IS0 L “FU.007 ), UTTINTLULI=US OU.7(7), WI=Iy=uwi—uo

-46.1(4); N=C1-C2-01 -56.5(4); O1-C3—C9-N 62.6(4); N-C4—-C5-C6 -4.6(6). C9-N—C4-CS5 -1.3(5); C4—C5-C16—
02 34.7(6); C5-C6—C18-04 21.7(5). A projection along the N-C9 bond and the torsion angles around this bond are
shown on the nght.

Conformation of 8 and 9 in solution. The solid state structures of 8aA and 8¢ indicate that the exchange of
only one substituent at the position adjacent to the ring junction (ferz-butyl vs. vinyl) is sufficient to realize the
two possible modes of cis-fusion between the morpholine chair and the dihydroazepine ring. This observation
led us to investigate whether the ring conformation in the solid state is also found in solution and whether
chair/chair interconversion of the morpholine mOIety would give rise to dynamic equilibria between structures
8- and 8-II (8a: R' = Ph, R? = CH= CH,; 8c: R' = Ph, R?= t-Bu). Conformational equilibria of six-membered
azaheterocycles with ring fusion at a C-N bond are rather common (see, for example, lit. (- 1’»1) and can result
from ring inversion or N-inversion; in contrast to cases with sp nyorlamea nitrogen, however, the latter process
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For the conformational studies. 'H and Be NMR s

For the conformational studies, H and “C NMR sp

temperatures. Signal assignments were extracted from 1D (selective TOCSY) spectra and 2D H,H and C.H
correlation spectra. If needed, "*C signals were also assigned based on long-range C,H correlation spectra
(gradient-selected HMBC, optimized for 7 Hz couplings). Proton-proton coupling constants in the aliphatic
region were taken from the 1D spectra directly. At 200 MHz, 'H spectra of all compounds showed broadened
signals at T = 300 K due to dynamic exchange While fast-exchange spectra could be obtained at 363 K

ectra of 8a-¢ and 9 were recorded at different

({Dsltoluene as solvent) for 8a-c and at 304 K for 9, cooling to 230-240 K was not sufficient to remove all
signal bmademng Therefore, slow-exchange Sp‘ctra of 8a-c were recorded on a 500 MHz spectrometer at
tammnaratitrag ac lnw ac naraccary (Tahle 1Y and the fact_aveohanoe cnertra wera taltan nn a 200 7 inctriment
l\/llly\llalulbb ad vy adS IIUUVDDKJIJ \l arsiv 1), diivd Liiv 14aastc \.rA\allﬂll&\-r Jtl\(\.rllu VY Wiw LGAINWIL Vil @8 VUV AYAA AL 1RE0VA WRIRAVERS
at higher temperatures (Table 2). The ’C NMR data thain@d at low and high temperature are given in Table 3

Compound 9 showed a fast-exchange spectrum already at 304 K; since all signals were very broad even at 234
K, separate signal sets of the exchanging species could not be observed.
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Com- Temp. | I-H,, 1-Hq 3-H,, 3-H,, 4-H,, 4-H, 10a-H  Other Signals
pound [K]
8aA 273 Isomer 8aA-I (minor)
363 4074 3.431 3.70% 2.95-3.03 m 451d  3.26 (s, 3 H, OMe), 3.79 (s, 3 H,
(11.2) 9.9) OMe), 5.21(d, J=10.7Hz, 1 H,
CH=CH,), 5.26 (d, J = 17.3 Hz, 1 H,
CH=CH,), 5.92 (dd, /= 17.3, 10.7
Hz, CH=CH,), 6.50 (d, /= 7.2 Hz, 1
H, o-H at 6-Ph), 7.20 (s, | H, 9-H),
7. 25-7 48 (i, Harom}
Isomer 8aA-I1 (major)
3.6418 3780 3.5210 378l 2.91-2.96 m 379 339 (s, 3 H, OMe), 3.75 (s, 3 H,
OMe), 5.37 (d, J = 10.5 Hz, 1 H,
FH_CH \ <AA(A I— 1'741-11 IH’
CH—CHZ), 6.19 (s, 1 H, 9-H), 7.03
(dd, J = 17.4, 10.5 Hz, CH=CHy,),
7.25-7.56 (m, Hyom)
$b 243 3.66dd 397d  349m. 3.75dY 3.09-3.15m 5.18d  3.35(s,3 H, OMe), 3.81 (s, 3 H,
OMe), 6.49 (d, J=7.4 Hz, | H, o-H
(105, (10.5) (it.5) (88" at6-Ph), 7.12-7.54 (m, I5H, 9-H +
8.8) 14 Harom)
8¢ 304 3.58—- 4.20d  3.44 3.58— 3.00 dt 3.09dd 449d  1.03(s,9 H, CMey), 3.22 (s, 3 H, 8-
3.62 3.62m" OMe), 3.75 (s, 3 H, 7-OMe), 5.86 (d,
m'® (11.6, (11.6, (11.6,  (8.1°y  J=7.6Hz 1 H, o-H at 6-Ph), 7.07 (s,
(10.0) 11.5,3.0) 11.53.0) 2.6) 1 H,9-H), 7. 07-7.34 (m, 9 H, Hyom)

 Due to overlap of signals of both conformers, coupling constants could not be determined. — ™ Doublet lines broadened due to
further coupling (J < 2 Hz). - ¥ *J(10a-H, 1-H%) < 1| Hz. - ¥ Signals of 1-H* and 3-H® overlap.

Table 2. '"H NMR spectra (200 MHz) of 8a-c and 9 at temperatures of rapid exchange (8 values [ppm],
coupling constants [Hz])

Com. Tamn

Com- Temp.
pound Solvent
8aA 363 K 6=259(dd, J=9.6,42Hz, 1| H,4-H)), 3.17 (s, 3 H, OMe), 3.10-3.27 (m, 3 H, 3-H,, 4-H}), 353 (5, 3
[Dgltoluene H, O e) 3.48-3.64 (m, 2 H, 1-H;), 3.80 (broad signal, 1 H, 10a-H), 5.04 (d, / = 10.6 Hz, 1 H, =CH,),
§24(d,J=175Hz, | H =CH,), 663 (s, | H 9-H), 6.99-7.92 (m, 11 H, H,,.., CH=CH;)
8aB 363K 6 =1228-239 (m, | H, 4-H,), 2.78-3.73 (m, 5 H, 3-H,, [-H;, 4-H;), 3.20 and 3.61 (each s, 3 H, OMe),
[Dg]toluene 3.87 (dd, J = 11.5, 5.2 Hz, I H, 10a-H), 5.10 (d, J = 10.6 Hz, 1H, =CH,), 5.10 (d, / = 17.7 Hz, 1 H,

=CH,), 6.07 (dd, J = 17.7, 10.6 Hz, 1 H, CH=CH,), 6.59 (s, 1 H, 9-H), 6.98-7.93 (m, Hyom)

8b 363 K 6 =12.54-2.60 (m, 2 H, 4-H,), 3.06 (dd, J = 11.4, 6.4 Hz, 3-H,), 3.10 (s, 3 H, OMe)BlS(dtJ:
[Dg]toiuene 3.8 Hz, 3-H,), 3.61 (s, 3 H, OMe), 3.71 (dd, J = || 4,79Hz, 1H, 1-H)), 3.83 (dd, /=114, 3.0 Hz,
1-H;),4.74 (dd, J = 7.9, 3.0 Hz, | H, 10a-H), 6.89-7.44 (m, 16 H, 9-H, H,,..)
8¢ 332K 5 =1.02 (s, 9 H, CMe3), 2.57 (pseudo-t, 2 H, 4-H,), 3.16 (s, 3 H, OMe), 3.20 (pseudo-t, 2 H, 3-H,). 3.61
[Dgjtoluene (s, OMe), 3.67 { u’ J=117,37Hz 1 H, 1-H)),3951(dd, /=117, 75Hz, 1 H, 1-H,),4.23(dd, /=75
3.7 Hz, | H, 10a-H), 6.98-7.09 and 7.25-7.31 (m, 9 H, 9-H and H,,,), 7.60-7.65 (m, 2 H, Hyyp)
9 304 K 8 =1.06 (s, 9 H, CMe;), 1.09 (s, 9 H, CMe;), 1.41 (s, 9 H, CMe3), 2.75 (dd, J = 12.7, 2.6 Hz, 4-H,,),
CDCl, 2.88 (ddd, J=12.7, 11.5, 3.3 Hz, 4-H,,), 3.33 (ddd, /= 11.5, 11.2, 2.6 Hz, 3-H,,), 3.66 (dd, /= 11.2,3.3
(500 MHz) Hz, 3-H.), 3.73 (dd, J = 10.9, 10.9 Hz, 1-H,), 3.83 (dd. J = 10.9, 3.3 Hz, 10a-H), 3.93 (dd,J =10.9,3.3

Hz, 1-H,), 6.26 (s, 1 H, 9-H), 6.45 (br, 1 H), 6.92 (br, 1 H), 7.07 (br, 1 H), 7.14-7.30 (m, 7 H, Hyom)
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Table 3. *C NMF spectra of 8a-c and 9 at different temperatures (8 {ppm)) tal
Com-  Temp. C-1 C-3 C-4 C-6 C-10  C-10a Other Signals
pound  Soivent
8aA 243 K Isomer 8aA-1 (minor)
CDCl, 7091  67.51 5354 157.19 5055 7111 50.76 (OMe), 52.32 (OMe), 100.10 (C-7), 114.89
(=CHy), 126.13-137.85 (signals of both isomers), 126.43
(0-C at 6-Ph), 138.02 (C.9), 141.44, 142.14, 166.1 (7-
C=0), 168.82 (8-C=0)
Isomer 8aA-II (major)
66.79 6785 4452 16566 5656 65.70 31.13 (OMe), 52.41 (OMe), 99.07 (C-7), 1i7.25
{—r"l-L\ 126.13-137 85 {uanul& of both }%m_‘e:g) 134 52
(C-9), 138.62 (CH“CHZ) 143.51, 168.80 (7-OMe),
171.58 (8-OMe)
363K 68.5 67.6  48.1* 159.7 56.0 68.5 50.4 (OMe), 51.7 (OMe), 103.7 (C-7), 116.3 (=CH,),
{Dgltoluene 125.0-130.3, 1343, 136.2, 138.7, 141.0 (C-9), 1441,
167.8 (C=0), 169.7 (C=0)
8aB 363K 67.1 66.8 46.3 160.1 560  68.5 50.5 (OMe), 51.7 (OMe), 103.4 (C-7), 116.7 (=CH,),
[Dsltoluene 125.0-130.3, 134.2, 136.7, 138.7, 141.7 (C-9), 141.8,
168.4 (C=0), 170.2 (C=0)
8h 243K 7091 6742 5391 15742 5215 7042 50.94 (OMe), 52.42 (OMe), 99.35 (C-7), 126.03-130.33
CDCl, (8 signals), 126.43 (o-C at 6-Ph), 135.23, 137.64,
140.82 (C-9), 142.85, 143.89, 166.34 (C=0), 168.89
(C=0)
363K 69.9 67.5 517 157.6 356 700 503 (OMe), 51.7 (OMe), 1037 (C-7), 125.0-129.8,
[Dg]toluene 135.6, 139.1, 139.7 (C-9), 144.5, 144.9, 167.0 (C=0),
169.0 (C=0)
8¢ 304 K 71.82 67.59 5525 15436 5588 67.37 2852 (CMes), 37.18 (CMe;), 50.71 (OMe), 52.08
CDCl, (OMe), 102.38 (C-7), 125.41-131.17 (8 signals), 126.78
(0-C at 6-Ph), 134.96 (C-8), 137.14 (C-9), 138.62,
139.84, 166.99 (C=0), 169.16 (C=0)
333K 68.5 67.2 50.1*  157.8* 58.4 68.7 28.6 (CMe,), 40.1 (CMe3), 50.5 (OMe), 51.8 (OMe),
[Dgltoluene 106.1* (C-7), 124.9-130.4, 133.7, 138.6, 1389, 141.3,
168.1 (C=0), 170.2 (C=0)
9 333K 68.1 66.9 454 158.9 59.1 68.2 28.1 (CMen), 28.4 (CMey), 30.5 (CMes), 37.6 (CMe,),
[Dgltoluene 77.3 (OCMes), 80.0 (OCMes), 106.2 (C-7), 121.3 (C-9),
124.9-130.2, 133.1, 1399, 150.1, 163.9 (C=0), 172.3
(C=0).
fal Spectra in CDCl; were taken at 125.77 MHz, spectra in [Dg)toluene at 100.6 MHz. Signals marked with "*" are broad due to
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The vicinal H,H coupling constants of the angular proton 10a-H characterize the type of cis-fusion at the
chair-like morpholine ring. If this proton is in the axial position as in 8-I, large diaxial coupling (ca. 8-11 Hz)
with 1-Hy, is cxpected as compared to very small axial-equatorial coupling with 1-Heq. If 10a-H occupies the
equatorial position as in 8-II, two intermediate coupling constants to the protons at C-1 are pmdlcted based on
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determined, one finds a large (axial-axial) and a small (axial-equatorial) vicinal coupling constant, in line with a
staggered conformation. In detail, the following observations were made for 8a-¢ and 9.

The 'H NMR spectrum (500 MHz) of 8aA shows si ignals for two species at T = 233 and 273 K. A dynamic
equilibrium is indicated by temperature-dependent ratios (27:73 at 233 K and 37:63 at 273 K) and by
coalescence of all signals at 303 K. The fast-exchange spectrum of 8aA was recorded at 363 K in [Dg]toluene.
The two sets of signals observed in the low-temperature spectra are assigned to conformers 8aA-I and 8aA-II
(R' = Ph, R? = CH=CH,). For the minor component (8aA-I), the axial position of the angular proton H-10a at
the morpholine chair is indicated by a doublet slgnal at 8 = 4.51 ppm with *J = 9.9 Hz. Moreover, this
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phenyl ning at C-6. Obviously, this phenyl ring is perpendicular to the N-C=C plane and does not rotate freely
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In hlS Dosmon one of the ortho protons experiences magnetl shielding by the phenyl r'

the conformational equilibrium should have the structure 8aA-II which was also found for crystalline 8aA
(Figure 2). The salient differences of its 'H NMR spectrum to that of 8aA-I are the following: No signal for an
aromatic proton at unusually high field is observed, the resonance of the olefinic proton 9-H appears at 6.19
ppm (i.e. upfield by 1.01 ppm compared to the other conformer), and the morpholine protons resonate at 8 <
3.79 ppm. The sxgnal of 10a-H could be localized by 2D techniques at & = 3.79 ppm whnch corresponds to a
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However an inverse H,C correlatlon snectrum (HMQC) shows a cross peak which is not spl't by H,H spin
coupling, i.e. J(H,H) < 4.5 Hz, as one would expect for the equatorial position of this proton at the morpholine
chair. Characteristic differences between the two conformers are also found in their '*C NMR spectra. In
particular, one notes high-field shifts for C-1, C-4, C-10a in the major conformer 8aA-II, and for C-6, C-10 in
8aA-I. The shieldings are likely to result from various y-effects in which not only ring atoms but also carbon
atoms attached to the azepine ring can be involved.

Compound 8aB is the C-10 epimer of 8aA. Since it could not be obtained in analytically pur

3
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dynamic behavior has not been studied. The close similarity of the "C chemical shifts af. T=
Cée

that the conformers i m equilibrium are very similar in both cases. In the time-averaged 'H NMR spectrum, t
observation of a large 3 coupling (11.5 Hz) for 10a-H suggests t h the dominating conformer has this proton in
an axial position at the morpholine chair.

Compounds 8b and 8c are rather similar with respect to their conformation and dynamic behavior. In both
cases, the slow-exchange spectra ( 'H and “C) show the presence of only one conformer. The characteristic
features of the spectra parallel those of 8aA-I (see above) and are in harmony with the solid-state structure of
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observed at 303 K. The fact that the signals of NCH, NCH;, and 6-Ph have become particularly broad indicates
that the acceleration of chair/chair interconversion and of the rotation of 6-Ph is responsible for the coalescence
phenomena. In the 200 MHz 'H NMR spectra of 8b (solvent: [Dgltoluene), line broadening sets in already
above 248 K, and most signals appear as sharp lines again at 363 K. The hindered rotation of 6-Ph no longer
exists, and the chemicals shifts of the morpholine protons have changed by only 0.3 ppm or less. The signal of
lOa—H has changed from a doublet [at 248 K: & = 4.84 ppm, *J = 8.6 Hz] to a doublet of doublets [ = 4.74 ppm,
3] =7.9 and 3.0 Hz]. Analogously, the B¥C NMR spectrum of 8b at low temperature resembles closely (with
respect to the comparabie signals) to that of 8aA-I, while the high-temperature spectrum reveals similar changes
for the chemical shifts of the ring carbon atoms as in the case of the equilibrium 8aA-1/8aA-I1. Taking together

all observations, it appears that 8b exists at all temperatures largely in the form 8b-I, for which rotation of the
phenyl ring attached to C-6 is slow on the NMR time scale at low temperature. When the temperature is raised,



8b-I equilibrates with only minor amounts of conformer 8b-II due to morpholine ring inversion, and the phenyl
ring at C-6 can rotate freely.

The 500 MHz 'H spectrum of 8c in [Dg]toluene was recorded at 227, 304, and 363 K. While no dynamic
excnange is seen at the low [emperature line- broaﬂemng occurs at 304 K in the aromanc region only, due to
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pcctrum takcn from a CDCl, solutlon does not yet show hne -broadening at 304 K (Table 1). In the 200 MHz
'H spectra ([Ds]toluene), almost all signals are affected by coalescence processes at T = 228 K, line-broadening
for the morpholine protons is still present at 296 K, and a time-averaged spectrum with sharp lines is obtained at
332 K. These observations suggest again that 8c exists mainly in the form 8c-I; furthermore, the temperature-
dependent 500 MHz spectra seem to indicate that the acceleration of the rotation of 6-Ph is not coupled with a
major conformatlonal «,hang of the blcychc rlng system.
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coalescence. At 304 K, the sngnal orphohne and t-Bu protons have sharp lines again, but residual line-
broadening is observed for some of the aromatic protons (Table 2). The latter spectrum shows H,H coupling
constants for the morpholine protons at C-1, C-3, and C-4 which are very similar to those of 8¢ in the slow-
exchange spectrum (Table 1). This raises the question about the nature of the dynamic process observed for 9.
Eventually, it is simply a conformational change which affects mostly some ring atoms and substituents of the
seven-membered ring but does not entail a chair/chair interconversion of the morpholine rmg This issue could

not be clarified since our instrumental device did not a

either broadened or i

the exchanging species.

In summary, we have shown that the conformation of the bicyclic ring system present in 8 and 9 is very
sensitive to the nature of substituents at the seven-membered ring. Since crystal structure analyses of 8aA and
8c reveal the trigonal-planar coordination around the nitrogen atom at the ring fusion, N-inversion can be
excluded as the source of the conformational equilibria observed in solution. Rather, chair/chair interconversion
of the morpholine ring occurs in 8a-c. In the case of 9, which bears two neighboring, sterically demanding
COOBu groups at the seven-membe i nd

substitutents of this ring could be the
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ost facile dynamic process observed on the NMR time scale.

Experimental

General Information. All reactions were carried out in rigorously dried glassware and under an argon
atmosphere. Solvents were dried by standard procedures and kept under argon. For preparative column
chromatography, silica gel (0.063—0.2 mm) from Macherey & Nagel was applied; the petroleum ether used for
eluation had a boliling point of 40-60 °C. Melting poilnts were determined in a copper block. — NMR spectra:

Bruker WP 200 ('H: 200.1 Ml‘ll), Bruker AMX 400 ('H: 400.1 MHz; °C: 100.6 MHz), and Bruker AMX 500
('H: 500.14 MHz; °C: 125.77 MHz). All spectra were recorded in CDCI; solutlon, if not stated otherwise. As

Dlmethyl 3- Morpholmo-3-phenyl-4-[(E)-(l-phenyl-2-propenylidene]-l-cyclobutene-l,2-dicarhoxylate
(7a): The solution of 4a'" (640 mg, 2.10 mmol) and of dimethyl acetylenedicarboxylate (6) (300 mg, 2.10
mmol) in diethylether (35 mL) was stirred for 60 min. After concentration to a volume of 10 ml and addition of
pentane, a red, crystalline diastereomeric mixture of E- and Z-7a was obtained (460 mg, 49 %, E/Z = 5.0).
Recrystailization from dichioromethane—ether (i:3) furnished pure E-7a as pale-yeliow crystais, mp i30 °C. -
IR (KBr): v = 1750 (s, C=0), 1720 (s, C=0), 1650 (m), 1570 (m), 1440 (s), 1250 (s) 998 (s) cm™'. — '"H NMR

(CDCls, 400 MHz): &= 2.82-2.91 (m, 4 H, NCH), 3.26 (s, 3 H, OMe), 3.73-3.81 (m, 4 H, OCH,), 3.74 (s. 3 H,
OMe), 4.95 (dd, J = 17.3, 1.2 Hz, I H, =CHa-trans), 5.30 (ddd, J = 10.6 and 1.2 Hz, 1 H, =CHp-cis), 7.03-7.70
(m, 11 H, CH=CH; and Hyom). — '’C NMR (CDCL): & = 48.6 (NCH,), 51.7 (OMe), 52.0 (OMe), 67.5 (OCH,)
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80.7 (C-3), 120.6 (=CH,), 128.4-129.8 (0-, m-, p-Carom), 133.8 (=CHyiny1), 134.0 (i-Cyrom), 135.5 (=C(Ph, vinyl)),
138.6 (i-Carom), 140.5, 141.6 (C-1 and C-2), 150.1 (C-4), 161.9 (C=0). — Anal. calcd. for C;7HxNOs (445.5): C,
72.79; H, 6.11; N, 3.14. Found: C, 72.0; H, 6.0; N, 3.0.

Isomer Z-7a was not isolated in pure form; it was identified by the following '’C NMR signals in the crude
E/Z mixture: § = 48.6 (NCHy), 51.2 (OMe), 51.5 (OMe), 66.3 (OCHy,), 81.3 (C-3), 119.6 (=CHy), 147.6 (C-4).

Dimethyl é,19=uip..enyl=19=viny!=3,4,19,193=tetrah"dro=1H=[1 4loxazino{4,3z]azepine-7,8-dicarboxy-
late (8a): A solution of (E)-Ta (140 mg, 0. 3] mm()n in toluene (30 mL) was heated at 85 °C during 5 h. The

diastereomeric mixture of 8a (130 mg, 93 %, (rel-105,10aR):(rei-10R,10aR) = 3:2). The major diastereomer
(8aA) could be obtained in pure form by recrystallization from ether—pentane (4:1) followed by recrystallization
from ethyl acetate as colorless crystals, mp 144 °C; yield: 40 mg (29 %). The minor diastereomer (8aB) was
obtained from the combined mother liquors but could not be purified completely. — Spectroscopic and analytical
data for the rel-(108,10aR)-isomer (SaA) IR (KBr): v = 1718 (s), 1530 (m), 1415 (w), 1235 (s), 1225 (s), 1095

l l""
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{(sycm . — 'H NMR: Tables 1 and 2 C NMR: Table 3. — Anal. calcd. for C;7yH27NOs (445.5): C, 72.79; H,
AT1T-N 214 EHannA- 0 770 1O N 21
Ul i, 1Y, J. 15, round. «, /2.u, 11 P N |

-3 A 1 Oa-tetrahvdro-1H-[1 dloxazino[4 3-glazenine-7 8-dicarhoxvlate
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(8b): Allcnc 4b“] (621 mg, | 78 mmol) was combined with dimethyl acetylenedicarboxylate (6) (0.43 mL, 3.51
mmol), and the resulting deep-brown solution was stirred at 20 °C for 2 h, then at 75 °C for 4 h. Ether was
added, and after filtration over a pad (ca. 5 g) of silica gel, the volatiles were evaporated, and the residue was
recrystallized from acetonitrile. Colorless crystals of 8b were obtained, mp 176 °C; yield: 355 mg (41 %). — IR
(KBr): v = 1717 (s), 1545 (m), 1480 (w), 1430 (m), 1265 (m), 1110 (s), 1090 (m) cm’. — "H NMR: Tables 1
and 2. ~ °C NMR: Table 3. — Anal. calcd. for C3;H,sNOs (495.6): C, 75.13; H, 5.90; N 2.83. Found: C, 74.8;

IT £ 0Oy, &I N OQ
i, 3.9, N, 2.8
- y
Dimethyl rel-(10S,10a5)-10-(ter¢-Butyl)-6,10-diphenyl-3,4,10,10a-tetrah; H nof4,3-
o

1 4
./ 8 (250 mg, 0.75 mmol) and dimethyl acetylenedic rbg\;y at
(0.2 ml, 1.22 mmol) were combmed and he resulting deep-brown solution was stirred at 20 °C for 2 h, then at
75 °C for 7 h. After evaporation (0.001 mbar) of excess alkyne, the residue was dissolved in ether-petroleum
ether (1:1) and filtered over a pad of silica gel (ca. 5 g). The product was then recrystallized from acetonitrile to
give colorless crystals, mp 162 °C; vyield: 140 mg (39 %). — IR (KBr): v = 1715 (s), 1540 (m), 1355 (m), 1235
(vs), 1110 (s), 1090 (s), 1060 (m) cm'. — "H NMR: Tables 1 and 2. — *C NMR: Table 3. — Anal. calcd. for

C29H33N05 (475 6) C 73. 24 H 6. 99, N, 2.95. Found: C, 72. 9 H 7. 0, N, 0.
Di(tert-butyl) rel-(105,10a5)-10-(tert-butyl)-6,10-diphenyl-3,4,10,10a-tetrahydro-1H-[1,4]oxazino[4,3-
. ; : 1
alazepine-7,8-dicarboxylate (9): A magnetically stirred mixture of allen (750 mg, 2.25 mmol) and of

and a homogeneous solutlon formed The reactxon mixture was then kept at 100 °C for 14 days excess alkyne
was removed in vacuo by bulb-to-bulb distillation, and the product was isolated by crystallization from
acetonitrile at -30 °C. Recrystallization from pentane furnished 9 as a colorless powder, mp 150 °C; yield: 330
mg (26 %). — IR (KBr): v = 1711 (s), 1655 (s), 1570 (m), 1485 (m), 1445 (m), 1425 (m), 1385 (m), 1360 (s),
1340 (s), 1255 (s), 1245 (s), 1160 (s), 1145 (s), 1100 (m), 1090 (m), 1070 (m), 1015 (m) cm™. — 'H NMR:
Tables 1 and 2. — *C NMR: Table 3. — Anal. calcd. for C3sHasNOs (559.8): C, 75.10; H, 8.10; N, 2.50. Found:

M 7. 1LY O 1N N £
C, /5.2;n, 0.1; N, 2.0.

X-Ray Crystal Structure Analysis of (E)-7a ']

Crystal Data: C»7H»7NOs, £, w. 445.5, triclinic, space group Pl:a=8. 339(6), b =11.126(4), c = 13.591(5)
A; o = 104.03(3), B = 90.03(4), ¥y = 109.01(4) °; V = 1152.3(22) A®, Z = 2, D, = 1.284 gem™; p(Mo-Kq) =
0.826 cm", crystal size 0.6 x 0.4 x 0.2 mm. - Data collection: T = 296 K, diffractometer Enraf-Nonius CAD4,
monochromatized Mo-Kg radiation, a¥20 scans, scan width (1.20 + 0.35 tan ©) deg, 3363 reflections measured
in the range 2.0 < 8 £ 23.00 deg, 3202 unique reflections (Rin = 0.02). - Structure solution and refinement. The
structure was solved by direct methods and refined by a full-matrix least-squares method based on F values.
Hydrogen atoms were included at calculated positions and were treated by a riding model. Refinement with



2559 reflections (I > 2.5 o(/)) and 379 parameters converged at R = 0.075, Ry, = 0.088 (unit weights); the
residual electron density was < 0.27 e A”.

X-Ray Crystal Structure Analysis of 8aA (14.15)

Crystal Data: CyHyNOs, f. w. 445.5, triclinic, space group P1;a=9.0955),b= 9 342(5), ¢ = 14.516(8)
Aa= 78.08(4), p 81. 10(5) y 74.20(5) °; V=1154.9(8) A1 ZZ=2 u,(z 1.281 gcm wMo- Ka)-—uszcm
l, uyal.cu size 0.50 x 0.35 x 0.70 mm. - Data collection: T = 295 K, diffraciometer Enraf-Nonius an,

monochromatized Mo-K,, radiation, /20 scans, scan width (0.90 + 0.35 tan @) deg, 3784 reflections measured
in the range 20<08<24 00 d deo 3620 uniaue reflections (R... = Q ﬂ74\ a correction for intencitv loss (nn t0o 09
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%) was apphed. Structure solutton and ref inement: The structure was solvcd by direct methods (program SIR)
and refined by a full-matrix least-squares method based on F values. Most hydrogen atom positions were
located in a AF map and refined with isotropic temperature factors, HI7A-C and H19A were included at
calculated positions and were not refined. Refinement with 2530 reflections (I > 2.5 o(/)) and 390 parameters
COjlvcrged at R =0.0737, R, = 0.0875 (w = [O'(Fl,z) + (0.025 Fo]z]'i); the residual electron density was < 0.28 e
A~

X-Ray Crystal Structure Analysis of 8¢ "'

Crystal Data: CyH13NOs, f. w. 475.6, orthorhombic, space group P2,2,2;; a = 10.393(3), b= 13.288(3), c =
18.023(3) A; 0= 90, B = 90, vy = 90 °; V = 2489.1(9) A*, Z = 4, D, = 1.269 gem™; u(Mo-Kg) = 0.81 cm™’,

crystal size 0.75 x 0.50 x 0.45 mm. - Data collection: T = 295 K, dxffractometer Enraf-Nonius CAD4
monochromatized Mo-K,, radiation, @/2© scans, scan width (0.95 + 0.35 tan ©) deg, 2839 reflections measured
in the range 2.0 < 6 < 25.00 deg, 2732 unique reflections (R, = 0.039). - Structure solution and refinement: The
structure was solved by direct methods (program SIR) and refined by a full-matrix least-squares method based
on F values. All hydrogen atom positions were located in a AF map and refined with isotropic temperature
factors, except for H14 and H19A-C which were treated by a riding model. Refmemcnt with 2143 reflections (1
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clectron density was <0.21 e A™. The absolute structure was not determined
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