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On irradiation at λ $ 270 nm solutions of 4-aryl-1,4- Irradiation with filtered light (λ . 313 nm) leads to syn and
anti dimers 4 and 3 in nearly equal yields. The poor yields ofdihydropyridines 1 yield cage dimers 2 as the main products

beside small amounts of anti dimers 3. 1H-NMR data and X- anti dimers 3 on irradiation with unfiltered light are
demonstrated to result from a partial cleavage back to theirray crystal structure prove centrosymmetrical properties for

both dimers with axially orientated 4-aryl substituents. monomeric starting materials 1.

3,9-Diazatetraasteranes have been found as the exclusive with merely one set of signals for both 1,4-dihydropyridine
subunits in the dimers (see Experimental Section).cycloaddition products of 4-(4-methoxyphenyl)-1,4-di-

hydropyridines. [1] The cage formation was demonstrated to
proceed via syn-dimeric ring-open intermediates. [1] Func-
tionalized 3,9-diazatetraasteranes have been suggested as
interesting pharmacological targets with potential anti-can-
cer or anti-HIV activity. [1] Moreover, the interest in these
compounds has been strengthened as they were shown to
be potential HIV-1 protease inhibitors by molecular mode-
ling studies. [2] [3]

As the reported solid-state synthesis was shown to be
partly limited by certain conformationally determined
packing restraints, [1] the photoreactivity of 4-aryl-1,4-di-
hydropyridines in solution had to be investigated as alterna-
tive reaction pathway to those interesting cage compounds.
The given products and their stereochemical properties pro-
ved by 1H-NMR data and X-ray crystal structures will be
presented.

Encouraged by the molecular-modeling studies that sug-
gested that N-substituted 3,9-diazatetraasteranes, especially
with benzylic groups, were potential HIV-1 protease inhibi-
tors, the corresponding 4-aryl-N-benzyl-1,4-dihydropyri-
dines 1a2c and NH derivatives 1d and e, whose dimers
could easily be functionalized by N-acylation, were pre-
pared. This series of starting compounds were prepared by
cyclocondensation of methyl or ethyl propiolate and aro-
matic aldehydes with either benzylamine or ammonium
acetate, in acetic acid. [4] [5]

Solution dimerization of 1a2e at λ $270 nm with unfil-
tered light of Ultra-Vitalux lamps leads to cage-dimeric
3,9-diazatetraasteranes 2a2e (ca. 75%) and small amounts
of anti dimers 3a2e (ca. 10%) (Scheme 1). 1H-NMR spectra
indicate symmetrical structures for both types of dimers
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As the X-ray crystallographically determined molecular energetically more favourable than the pseudoequatorial

orientation.[9212]structure of cage dimer 2b corresponds to that of the cage
dimer formed by the solid-state reaction,[3] a centrosym- The great difference in the yields of the cage dimers 2a2e,

and those of the anti dimers 3a2e, was nevertheless some-metrical structure for the solution dimer 2b was confirmed
(Figure 1). how surprising. As the formation of both types of dimers

Figure 1. Molecular structure of 2b

X-ray crystal structure analysis of anti dimer 3e also pro-
ves a centrosymmetrical structure with both phenyl-sub-
stituents pseudoaxially orientated (Figure 2). The cyclo-
butane bonds are significantly different in length. The
bonds formed by the dimerization reaction (C12C29 and
its centrosymmetric equivalent) are longer [1.590(4) Å] than
those of the 1,4-dihydropyridine subunits in the dimer
(C12C2 and its centrosymmetric equivalent) [1.553(4) Å].
In the cage dimer 2b [6] the two longer bonds (C12C49 and
C22C59 and their centrosymmetric equivalents) [1.587(3) Å
and 1.589(3) Å] correspond to those formed by the dimeriz-
ation reaction, while the two shorter ones (C12C2 and
C42C5 and their centrosymmetric equivalents) [1.553(3) Å
and 1.550(3) Å] represent the former 1,4-dihydropyridine
bonds. This has also been reported for 3,9-diazatetraaster-
anes derived from the solid-state synthesis, [1] as well as for

Figure 2. Molecular structure of 3ethe described tetraethyl 3,9-diazatetraasterane-1,5,7,11-
tetracarboxylate derived from a solution photoreaction in
poor yields. [7] [8] Thus, both 4-(4-methoxyphenyl) substitu- is not limited by conformationally determined packing re-

straints as in the solid state, similar yields of both possibleents show axial orientations.
With the 4-aryl substituents of the dimers both axially types of dimers in solution were expected. [13]

In order to further investigate the cage dimer formationor pseudoaxially orientated, it had to be concluded that in
solution the 1,4-dihydropyridine conformer with pseudoax- that may proceed via a syn-dimeric ring-open intermediate,

irradiation experiments with filtered light (λ > 313 nm)ial orientation of the 4-aryl substituent predominates in re-
lation to the conformer with the pseudoequatorially orien- were undertaken. Under these conditions, the suggested

cage formation may be stopped at the stage of the syn-di-tated 4-aryl substituent. This result corresponds well to nu-
merous reports of solution reactions and molecular mode- meric intermediate, which undergoes ring closure at lower

wavelengths under excitation of the enamine chromophoreling studies of 4-aryl-1,4-dihyropyridines, which all prove
the pseudoaxial orientation of the 4-aryl substituent to be with λ 5 2722298 nm.
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under Method A below. After two weeks, the solution was concen-After about 4 weeks of irradiation of 1a2e the formation
trated to dryness and the residue was dissolved in boiling ethanol,of nearly equal amounts of anti dimers 3a2e and syn di-
from which 1b was isolated by fractional crystallization. 2 Yield:mers 4a2e could be observed, with isolated yields of about
0.11 g (27%) as a yellow powder, m.p. 1192121°C (ref. [1]

35% in each case. In the 1H-NMR spectra of NH-anti di-
1202122°C).mers 3d and 3e the NH shows coupling with both neigh-

bouring protons, i.e. 2-H and 6-H, respectively, with J 5 Solution Dimerization Reactions. 2 Method A, Irradiation at λ $
7 Hz (3d) and 4b-H and 8b-H with J 5 3 Hz (3d), while 270 nm: 1,4-Dihydropyridine (1) (0.40 mg) was dissolved in 40 mL

of methanol/tetrahydrofuran under stirring. The solution was ir-there is only one NH coupling found in the spectra of corre-
radiated in a quarz flask with an Ultra-Vitalux lamp from a dis-sponding syn dimers between NH and 2-H and 6-H, of J 5
tance of 60 cm for 4 weeks. While the cage dimers 2 crystallize7 Hz (4d).
during irradiation, the anti dimers 3 precipitate from the solutionThe increased isolated yields of the anti dimers 3a2e in
after reduction of the solution volume. 2 Method B, Irradiation atthe dimerization process with the filtered light suggested
λ > 313 nm: [14] 1,4-Dihydropyridine (1) (0.40 g) was dissolved and

that the anti dimers undergo partial cleavage to their mono- irradiated as described above, except that irradiation was carried
meric starting materials on irradiation with unfiltered light. out in a bath of copper(II) sulfate (1.25 ). After reducing the vol-
This would explain the lower yields in the irradiation ume of the solution, anti dimers 3 and syn dimers 4 were isolated
experiments at λ $ 270 nm. For confirmation of this as- by fractional crystallization. 2 The yields of the dimerization reac-
sumption, solutions of anti dimers 3a and 3b have been ir- tion are based on 0.40 mg of 1 corresponding to 100%.
radiated with unfiltered light for two weeks. A fragmen-

Tetraethyl 3,9-Dibenzyl-6,12-diphenyl-3,9-diazahexacyclo-tation to monomeric 4-aryl-1,4-dihydropyridines 1a and b
[6.4.0.02·7.04·11.05·10]dodecane-1,5,7,11-tetracarboxylate (2a): Iso-was monitored by TLC, and led to final isolated yields of
lated as white crystals in a yield of 0.28 g (70%), m.p. 2332235°C.

about 30% for both 1,4-dihydropyridines.
2 IR: ν̃ 5 1730 cm21. 2 1H NMR (CDCl3): δ 5 0.96 (t, J 5 7 Hz,

In summary, solution irradiation of 4-aryl-1,4-dihydro- 12 H, CH2CH3), 3.96 (q, J 5 7 Hz, 8 H, CH2CH3), 4.26 (s, 4 H,
pyridines offers an alternative route to 3,9-diazatetraaster- 2-H, 4-H, 8-H, and 10-H), 4.27 (s, 2 H, 6-H, and 12-H), 4.48 (s, 4
anes, however with lower yields compared to the reported H, NCH2), 7.0527.31 (m, 20 H, aromatic H). 2 ESI MS; m/z (%):
solid-state synthesis. The application of the solution dimer- 783 (100) [M 1 H1], 821 (7) [M 1 K1], 805 (50) [M 1 Na1]. 2

C48H50N2O8 (782): calcd. C 73.64, H 6.44, N 3.58; found C 73.38,ization successfully leads to 3,9-diazatetraasteranes in each
H 6.24, N 3.52.case.

Tetraethyl 3,9-Dibenzyl-6,12-bis(4-methoxyphenyl)-3,9-diazahexacyclo-
[6.4.0.02·7.04·11.05·10]dodecane-1,5,7,11-tetracarboxylate (2b): Iso-
lated as white crystals, yield: 0.35 g (87%), m.p. 1682169°CExperimental Section
(ref. [1] 1702173°C).

General: Commercial reagents were used as received, without ad-
ditional purification. 2 1H NMR: Varian Gemini 500 (500 MHz; X-ray Diffraction Analysis of 2b: [15] A white prism-shaped crystal
TMS as an internal standard). 2 Melting points: Linström appar- of C50H54N2O10 (from methanol/tetrahydrofuran), crystal size 0.48
atus (open capillaries, uncorrected values). 2 Analytical TLC: Alu- 3 0.26 3 0.14 mm, was measured at room temp. by using a
minium sheets coated with silica gel 60 F254 (Merck). 2 IR spectra: STADI4 Diffractometer with Mo-Kα radiation (λ 5 0.71073 Å)
Bruker IFS-28 (recorded as potassium bromide disks). 2 UV: Di- and a graphite monochromator. 9652 reflexions were collected in
ode-array spectrophotometer 8452A (chloroform). 2 MS: AMD ω/2θ scanning mode in the range 3.3° # 2θ # 54.0°; h, k, l range
402. 2 Elemental analysis: Leco CHNS-932. from 210, 214, 216 to 10, 14, 16. Crystal system: Triclinic, space

group P1bar, Z 5 1, a 5 8.0949(8) Å, b 5 11.1710(9) Å, c 5Diethyl 1-Benzyl-1,4-dihydro-4-phenylpyridine-3,5-dicarboxylate
13.1761(6) Å, α 5 69.686(10)°, β 5 85.904(10)°, γ 5 81.725(9)°;(1a). 2 Method A: Ethyl propiolate (1.96 g, 20 mmol), benzal-
V 5 1105.46(19) Å3; Dx 5 1.269 g cm23; µ 5 0.097 mm21. Thedehyde (1.06 g, 10 mmol) and benzylamine (1.07 g, 10 mmol) were
structure was solved by direct methods (SHELXS 97[16]) using 4826heated in 1 mL of glacial acetic acid in a steam bath for 15 min.
independent reflexions. Structure refinement: Full-matrix least-The reaction mixture was then poured into ice/water from which
squares methods on F2 using SHELXL 97,[17] all the non-hydrogen1a crystallized on stirring. 2 Method B: The anti dimer 3a (0.40 g)
atoms with anisotropic displacement parameters. All hydrogenwas dissolved in methanol/tetrahydrofuran, and the solution was
atoms except H-42A, H-42B, H-43A to H-43C, that were geometri-irradiated as described under Method A below. After two weeks
cally constructed, were taken from a difference Fourier synthesisthe solution was evaporated to dryness and the remaining oil was
and refined isotropically. The refinement converged to a finaldissolved in methanol, from which 1a was isolated by fractional
wR2 5 0.1371 for 4826 unique reflections and R1 5 0.0569 for 3034crystallization. 2 Yield (Method A): 2.80 g (72%) [Method B gave
observed reflections [I0 > 2 σ(I0)] and 372 refined parameters.a yield of 0.13 g (33%)], yellow powder, m.p. 1452147°C. 2 IR:

ν̃ 5 1695 cm21, 1662. 2 UV: λmax (lg ε) 5 252 nm (3.44), 360
Tetramethyl 3,9-Dibenzyl-6,12-bis(4-methoxyphenyl)-3,9-diazahexa-

(2.81). 2 1H NMR (CDCl3): δ 5 1.17 (t, J 5 7 Hz, 6 H, CH2CH3),
cyclo[6.4.0.02·7.04·11.05·10]dodecane-1,5,7,11-tetracarboxylate (2c):

4.08 (q, J 5 7 Hz, 4 H, CH2CH3), 4.46 (s, 2 H, NCH2), 4.91 (s, 1
Isolated as white crystals, yield: 0.29 g (73%), m.p. 2602261°C. 2

H, 4-H), 7.0927.73 (m, 12 H, aromatic H, 2-H, 6-H). 2 ESI MS;
IR: ν̃ 5 1735 cm21. 2 1H NMR (CDCl3): δ 5 3.53 (s, 12 H,

m/z (%): 392 (13) [M 1 H1]. 2 C24H25NO4 (391.5): calcd. C 73.64,
COOCH3), 3.73 (s, 6 H, C492OCH3), 4.21 (s, 2 H, 6-H, and 12-

H 6.44, N 3.58; found C 73.27, H 6.06, N 3.52.
H), 4.24 (s, 4 H, 2-H, 4-H, 8-H, and 10-H), 4.43 (s, 4 H, NCH2),
6.5827.28 (m, 14 H, aromatic H). 2 MS; m/z (%): 786 (< 1) [M1].Diethyl 1-Benzyl-1,4-dihydro-4-(4-methoxyphenyl)pyridine-3,5-di-

carboxylate (1b): The anti dimer 3b (0.40 g) was dissolved in meth- 2 C46H46N2O10 (786.9): calcd. C 70.21, H 5.89, N 3.56; found C
70.12, H 5.79, N 3.49.anol/tetrahydrofuran and the solution was irradiated as described
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Tetraethyl 6,12-Diphenyl-3,9-diazahexacyclo[6.4.0.02·7.04·11.05·10]- Tetraethyl 1,5,8,8bα-Tetrahydro-4,8-diphenylcyclobuta[1,2-b:3,4-b9]-

dipyridine-3,4aα,7,8aβ(4H,4bβH)-tetracarboxylate (3d): Isolated asdodecane-1,5,7,11-tetracarboxylate (2d): Isolated as a white powder,
yield: 0.31 g (78%), m.p. 2082212°C. 2 IR: ν̃ 5 3349 cm21, 1713. white crystals, yield (Method A) 0.04 g (10%), (Method B) 0.11 g

(28%), m.p. 2352237°C. 2 IR: ν̃ 5 3352 cm21, 1733, 1662, 1628.2 1H NMR (CDCl3): δ 5 0.96 (t, J 5 7 Hz, 12 H, CH2CH3), 2.99
(s, br., 2 H, exchangable, NH), 3.89 (s, 2 H, 6-H, and 12-H), 3.92 2 UV: λmax (lg ε) 5 240 nm (3.37), 280 (4.34). 2 1H NMR

(CDCl3): δ 5 0.81 (t, J 5 7 Hz, 6 H, C4a,C8a2COOCH2CH3),(q, J 5 7 Hz, 8 H, CH2CH3), 4.30 (s, 4 H, 2-H, 4-H, 8-H, and 10-
H), 7.0127.50 (m, 10 H, aromatic H). 2 MS; m/z (%): 602 (1) 1.08 (t, J 5 7 Hz, 6 H, C3,C72COOCH2CH3), 3.43 (AMX3, J 5

11 Hz, J 5 7 Hz, 2 H, C4a,C8a2COOCHMCH3), 3.58 (AMX3,[M1]. 2 C34H38N2O8 (602.7): calcd. C 67.77, H 6.31, N 4.65; found
C 67.57, H 6.31, N 4.63. J 5 11 Hz, J 5 7 Hz, 2 H, C4a,C8a2COOCHACH3), 3.80 (AMX3,

J 5 11 Hz, J 5 7 Hz, 2 H, C3,C72COOCHMCH3), 3.90 (AMX3,
Tetramethyl 6,12-Diphenyl-3,9-diazahexacyclo[6.4.0.02·7.04·11.05·10]- J 5 11 Hz, J 5 7 Hz, 2 H, C3,C72COOCHACH3), 3.95 (s, 2 H,
dodecane-1,5,7,11-tetracarboxylate (2e): Isolated as white crystals, 4-H, 8-H), 4.31 (d, after D2O addition s, J 5 3 Hz, 2 H, 4b-H, and
yield: 0.33 g (83%), m.p. 2652267°C. 2 IR: ν̃ 5 3329 cm21, 1728. 8b-H), 7.0127.18 (m, 10 H, aromatic H), 7.31 (dd, J 5 7 Hz, J 5
2 1H NMR ([D6]DMSO): δ 5 3.40 (s, 12 H, COOCH3), 3.86 (s, 2 3 Hz, 2 H, exchangable, NH), 7.39 (d, after D2O addition s, J 5
H, 6-H, and 12-H), 4.04 (d, J 5 3 Hz, after D2O addition s, 4 H, 7 Hz, 2 H, 2-H, and 6-H). 2 FD MS; m/z (%): 602 (100) [M1]. 2
2-H, 4-H, 8-H, and 10-H), 4.64 (s, J 5 3 Hz, 2 H, exchangable, C34H38N2O8 (602.7): calcd. C 67.77, H 6.31, N 4.65; found C 67.61,
NH), 7.1327.41 (m, 10 H, aromatic H). 2 ESI MS; m/z (%): 569 H 6.34, N 4.61.
(100) [M 1 Na1]. 2 C30H30N2O8 (546.6): calcd. C 65.93, H 5.49,

Tetramethyl 1,5,8,8bα-Tetrahydro-4,8-diphenylcyclobuta[1,2-b:3,4-b9]-N 5.13; found C 65.65, H 5.63, N 5.07.
dipyridine-3,4aα,7,8aβ(4H,4bβH)-tetracarboxylate (3e): Isolated as
white crystals, yield (Method A) 0.03 g (7%), (Method B) 0.17 gTetraethyl 1,5-Dibenzyl-1,5,8,8bα-tetrahydro-4,8-diphenylcyclobuta-
(42%), m.p. 3102320°C. 2 IR: ν̃ 5 3364 cm21, 1739, 1665, 1626.[1,2-b:3,4-b9]dipyridine-3,4aα,7,8aβ(4H,4bβH)-tetracarboxylate
2 1H NMR ([D6]DMSO): δ 5 3.07 (s, 6 H, C4a,C8a2COOCH3),(3a): Isolated as a white powder, yield (Method A) 0.03 g (8%),
3.40 (s, 6 H, C3,C72COOCH3), 3.95 (s, 2 H, 4-H, and 8-H), 4.29(Method B) 0.13 g (32%), m.p. 2312236°C. 2 IR: ν̃ 5 1729 cm21,
(d, after D2O addition s, J 5 2 Hz, 2 H, 4b-H, and 8b-H),1690, 1609. 2 UV: λmax (lg ε) 5 242 nm (4.23), 302 (4.64). 2 1H
7.0127.13 (m, 10 H, aromatic H), 7.34 (dd, J 5 6 Hz, J 5 2 Hz, 2NMR (CDCl3): 5 1.11 (t, J 5 7 Hz, 6 H, C4a,C8a2
H, exchangable, NH), 7.41 (d, after D2O addition s, J 5 6 Hz, 2COOCH2CH3), 1.16 (t, J 5 7 Hz, 6 H, C3,C72COOCH2CH3),
H, 2-H, and 6-H). 2 MS; m/z (%): 546 (< 1) [M1]. 2 C30H30N2O83.58 (q, J 5 7 Hz, 4 H, C4a,C8a2COOCH2CH3), 3.94 (AMX3,
(546.6): calcd. C 65.93, H 5.49, N 5.13; found C 65.91, H 5.59,J 5 11 Hz, J 5 7 Hz, 2 H, C3,C72COOCHMCH3), 4.06 (AMX3,
N 5.06.J 5 11 Hz, J 5 7 Hz, 2 H, C3,C72COOCHACH3), 4.17 (s, 2 H,

4-H, and 8-H), 4.39 (d, J 5 15 Hz, 2 H, NCHB), 4.52 (s, 2 H, 4b- X-ray Diffraction Analysis of 3e: [15] A colourless prism-shaped crys-
H, and 8b-H), 4.67 (d, J 5 15 Hz, 2 H, NCHA), 6.9427.42 (m, 20 tal of C30H30N2O8 (from methanol/tetrahydrofuran), crystal size
H, aromatic H), 7.46 (s, 2 H, 2-H, and 6-H). 2 MS; m/z (%): 782 0.34 3 0.3 3 0.12 mm, was measured at room temp. by using a
(< 1) [M1]. 2 C48H50N2O8 (782): calcd. C 73.64, H 6.44, N 3.58; Siemens P4 diffractometer with Mo-Kα radiation (λ 5 0.71073 Å)
found C 73.38, H 6.55, N 3.32. and a graphite monochromator. 3393 reflexions were collected in

ω scanning mode in the range 4.92° # 2θ # 52.0°; h, k, l range
Tetraethyl 1,5-Dibenzyl-1,5,8,8bα-tetrahydro-4,8-bis(4-methoxyphen- from 210, 21, 214 to 1, 15, 14. Crystal system: Monoclinic, space
yl)cyclobuta[1,2-b:3,4-b9]dipyridine-3,4aα,7,8aβ(4H,4bβH)- group P21/n, Z 5 2, a 5 9.718(2) Å, b 5 12.392(1) Å, c 5 11.106(1)
tetracarboxylate (3b): Isolated as white scales, yield (Method A) Å, β 5 91.75(1)°; V 5 1336.8(3) Å3; Dx 5 1.353 g cm23; µ 5 0.099
0.06 g (15%), (Method B) 0.15 g (38%), m.p. 1432147°C. 2 IR: mm21. The structure was solved by direct methods (SHELXTL
ν̃ 5 1716 cm21, 1674, 1616. 2 UV: λmax (lg ε) 5 240 nm (4.30), 5.03[18]) using 2621 independent reflexions. Structure refinement:
304 (4.52). 2 1H NMR (CDCl3): δ 5 0.09 (t, J 5 7 Hz, 6 H, Full-matrix least-squares methods on F2 using SHELXTL 5.03, [18]

C4a,C8a2COOCH2CH3), 1.10 (t, J 5 7 Hz, 6 H, all the non-hydrogen atoms with anisotropic displacement param-
C3,C72COOCH2CH3), 3.59 (q, J 5 7 Hz, 4 H, C4a,C8a2 eters. All hydrogen atoms were taken from a difference Fourier syn-
COOCH2CH3), 3.69 (s, 6 H, C492OCH3), 3.93 (AMX3, J 5 11 Hz, thesis and a common isotropic displacement was kept fixed during
J 5 7 Hz, 2 H, C3,C72COOCHMCH3), 4.05 (AMX3, J 5 11 Hz, the refinement. The refinement converged to a final wR2 5 0.1300
J 5 7 Hz, 2 H, C3,C72COOCHACH3), 4.10 (s, 2 H, 4-H, and 8- for 2621 unique reflections and R1 5 0.0597 for 1361 observed
H), 4.36 (d, J 5 15 Hz, 2 H, NCHB), 4.47 (s, 2 H, 4b-H, and 8b- reflections [I0 > 2 σ(I0)] and 227 refined parameters.
H), 4.65 (d, J 5 15 Hz, 2 H, NCHA), 6.5127.39 (m, 18 H, aromatic

Tetraethyl 1,5-Dibenzyl-1,5,8,8bβ-tetrahydro-4,8-diphenylcyclobuta-H), 7.42 (s, 2 H, 2-H, and 6-H). 2 ESI MS; m/z (%): 865 (7) [M
[1,2-b:3,4-b9]dipyridine-3,4aβ,7,8aβ(4H,4bβH)-tetracarboxylate1 Na1]. 2 C50H54N2O10 (842): calcd. C 71.26, H 6.41, N 3.33;
(4a): Isolated as a white powder, yield 0.14 g (36%), m.p.found C 71.16, H 6.50, N 3.42.
1382145°C. 2 IR: ν̃ 5 1734 cm21, 1698, 1617. 2 UV: λmax

(lg ε) 5 240 nm (4.66), 298 (4.37). 2 1H NMR (CDCl3): δ 5 0.87Tetramethyl 1,5-Dibenzyl-1,5,8,8bα-tetrahydro-4,8-bis(4-methoxy-
phenyl)cyclobuta[1,2-b:3,4-b9]dipyridine-3,4aα,7,8aβ(4H,4bβH)- (t, J 5 7 Hz, 6 H, C4a,C8a2COOCH2CH3), 1.15 (t, J 5 7 Hz, 6

H, C3,C72COOCH2CH3), 3.58 (AMX3, J 5 11 Hz, J 5 7 Hz, 2tetracarboxylate (3c): Isolated as white crystals, yield (Method A)
0.04 g (11%), (Method B) 0.15 g (37%), m.p. 2532260°C. 2 IR: H, C4a,C8a2COOCHMCH3), 3.63 (AMX3, J 5 11 Hz, J 5 7 Hz,

2 H, C4a,C8a2COOCHACH3), 3.99 (AMX3, J 5 11 Hz, J 5 7 Hz,ν̃ 5 1710 cm21, 1689, 1615. 2 UV: λmax (lg ε) 5 243 nm (4.84),
280 (4.83), 302 (4.77). 2 1H NMR (CDCl3): δ 5 3.13 (s, 6 H, 2 H, C3,C72COOCHMCH3), 4.05 (s, 2 H, 4-H, and 8-H), 4.06

(AMX3, J 5 11 Hz, J 5 7 Hz, 2 H, C3,C72COOCHACH3), 4.46C4a,C8a2COOCH3), 3.43 (s, 6 H, C3,C72COOCH3), 3.64 (s, 6
H, C492OCH3), 4.01 (s, 2 H, 4-H, and 8-H), 4.34 (s, 2 H, 4b-H, (s, 2 H, 4b-H, and 8b-H), 4.59 (d, J 5 15 Hz, 2 H, NCHB), 4.71
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