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by an intramolecular Diels-Alder (IMDA) reaction. Various acylation conditions have been studied. Influence of
steric and electronic effects on the product formation has also been investigated. © 1999 Elsevier Science Ltd. All rights
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Furans have been used as electron rich diene partners in the Diels-Alder reactions to prepare rigid
oxygenated bicyclic systems enroute to various natural products.> When a furan is connected to a dienophile by

a tether, the triene undergoes intramolecular Diels-Alder (IMDA) reaction with excellent stereocontrol to provide
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unactivated or monoactivated dienophile is part of the triene, the cycloaddition proceeds at a higher temperature
or in the presence of a Lewis acid catalyst. Jung and coworkers have investigated the influence of alkyl
substituents on the tether connecting the furan and the dienophile on the rate of IMDA reaction of furfuryl
fumarate.’ Recently, Sandhu et al. have successfully prepared rigid tricyclic compounds in a single step from
acylation of N-furfurylarylamines with fumaroyl chloride.* The products are formed via an initial amide
formation followed by an IMDA reaction. Although this is a simple and efficient route to construct rigid tricyclic
molecules, this reaction has not been fully utilized in organic synthesis. As part of our medicinal chemistry
program directed toward the identification of novel biologically active molecules, we were interested in
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an efficient mild acylation condition using these acids would greatly increase the synthetic utility of this reaction.
Herein we describe our efforts on the preparation of cis and trans tricyclic nitrogen heterocycles through
acylation of sterically diverse N-benzylfurfurylamines with electronically different dienophile acids.®
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rylamines 3a-¢ which were readily preparea in
two steps from the corresponding furaldehydes and benzylamine via reductive alkylation procedure.® Initially,
3a was treated with acid chloride of 4a (E,= CO,Et, E,= H), prepared using oxalyl chloride, in the presence of
diisopropylethylamine (DIEA) and 4-dimethylaminopyridine (DMAP) to yield Sa in high yield (>80%). The
relative trans stereochemistry at C-3 and C-4 of 5a was assigned based on the vicinal coupling constant of H,
and H, in the '"H NMR spectrum (J,,=3.7 Hz).” In order (o confirm whether 5a was formed via an initial N-
acylation followed by an intramolecular Diels-Alder reaction or via an initial intermolecular Diels-Alder reaction

followed by N-acylation, diene 3a and dienophile acid 4a were taken in C.H2C_12 and stirred at room temperature.

ruved and nanlu tha

Jnder this condition, no intermolecular Diels-Alder cycloaddit served and only the

starting materials were recovered. It was evident from this experiment that initial amide formation was necessary
to bring both the diene and the dienophile into the desired conformation to undergo intramolecular cycloaddition.
Acylation of 3a with acid chloride of maleic acid 4b (E,= H, E,= CO,Et) furnished an unexpected 90:10
mixture of trans lactam 5a and cis lactam Sb. The cis and trans ratio was determined by careful integration of
the crude reaction mixture. Presumably, the trans compound Sa may have formed due to the epimerization at the
C-4 stereocenter of 5b under the acylation condition. In order to synthesize cis lactam 5b from 4b in high yield
without contamination of any Sa, alternate acylation conditions were investigated. First, acylation of 3a with 4b

in the presence of 1-ethyl-3-(3-dimethyl-aminopropyl)carbodiimide hydrochloride (WSC.HCl) and N-

.
8

hydroxybenzotriazole (HOBt) was examined.” Unfortunately, this route also resulted in the isolation of a

1 1 1 7 179

mixture of 5a and 5b. We then turned our attention to acylation of 3a using symmetrical anhydrides. Although

=~ eandils; o 111 P e L Lo

"""""" available to prepare symmetrical anhydrides from the acids, we preferred
the 1,3~ dmopropylcarbodumzde (DIC) approach.” Accordingly, two equivalents of 4b and one equivalent of
DIC were taken in CH,Cl, and stirred at room temperature for 45 minutes to furnish the anhydride. Two
different strategies were examined to optimize the acylation condition. In one approach, 3a was directly added
to the anhydride solution and then DIEA and DMAP were added. In a second approach, the insoluble urea was
first filtered to provide a clear anhydride solution which was then treated with 3a in the presence of DIEA and
DMAP. To our surprise, irrespective of the approach used, the desired 5b was isolated as the major product

(>95%) in 75% yield (Scheme 2, entry 2). As before, the relative stereochemistry at C-3 and C-4 of 5b was

determined based on the vicinal ouphng constant of H; and H, in the 1H NMR spectrum (J,, = 9 Hz).

ey 1) Cienna

vided the _'y'it;}d (entry 1). Since
'
1

1 provided the trans lact
s, this acylation
condition was primarily used as the optimal condition in our studies.

Encouraged by our initial results, and to study the scope of this reaction, diene 3a was then acylated with
different dienophile acids 4c-4g (entries 3 to 7). To the best of our knowledge, acylation of furans with
electronically diverse dienophile acids has not been fully investigated in the preparation of highly functionalized
rigid tricyclic nitrogen heterocycles. Acylation of 3a with alkyl and aryl maleamic anhydrides, prepared from
4¢ and 4d, provided the desired cis lactams S¢ and 5d in 70% and 74% yields, respectively, after purification
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Influence of the steric effects on the cycloaddition process was studied by subjecting furfurylamines 3b
and 3¢ to the acylation condition with selected dienophile acids (entries 8 to 14). Irrespective of the substituents
on the furan ring, acylation of 3b a with 4b, 4e and 4i proceeded at room temperature and provided
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ante o o b oo d B A niat ve any
ents on ine xuuulymuuuc:a 3b and 3¢ do not have any lud)(}r influence on the

cycloaddition process. Both 3b and 3¢ provided highly substituted rigid tricyclic molecuies with two
quaternary centers. These rigid compounds were stable and did not undergo any retro Diels-Alder reaction even
after storing at room temperature for a longer period of time.

Having established an approach to prepare highly functionalized rigid tricyclic molecules in high
yields, we then focused our attention on the functionalization of the carbon-carbon double bond of the lactams.
In our preliminary study, lactams Sa and Se were treated with 3-chloroperoxybenzoic acid (mCPBA) to provide

the epoxides 6 and 7 in 87% and 81% yields, respectively (Scheme 3). In the case of lactam Se, no Baever-

organic synthesis

Scheme 3

87% { B81%
N’\ O N“O
6 7

., Vg Py Ry P PSRRI . 4 e PR

In summary, we have described ihe preparation of rigid cis and trans tricyclic nitrogen heterocyies under
mild conditions through an initial N-acylation followed by an intramolecular Diels-Alder reaction. Both steric and
electronic effects do not have any major influence on the product formation. Furthermore, functionalization of
the carbon-carbon double bond of the lactams has also been investigated. Extension of this methodology to
acyclic and pyrrole dienes is currently under investigation and the results will be reported in due course.

Acknowledgment: The authors would like to thank Dr. Eric Gordon, Dr. Dennis Solas and Ms. Tao Chen

for helpful discussions.
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Biochem) and used without further purification. Infrared spectra were recorded on an FTIR as a liquid film or as
a thin crystailine film. 'H NMR spectral data were obtained on a Varian Gemini 400 instrument with the

solvents noted. Chemical shifts were reported in the & scale in ppm relative to TMS (0.00 ppm) as internal

standard. '*C NMR spectra were obtained by using the above instrument operating at 100 MHz with solvents
noted. Flash column chromatography was cairried out using silica gel 60 {(230-400 mesh)
General Procedure for the Preparation of Tricyclic Compounds (5): To a solution of

dienophile acid (3.70 mmol) in CH,CI, (6 mL) was added DIC (1.85 mmol) and the mixture was stirred at room
temperature for 45 min. The insoluble urea was filtered off and the filtrate was added to a solution of 3 (1.23
mmol) in CH,Cl, (3 mL) and then DIEA (3.70 mmol) and DMAP (catalyst) were added to the reaction mixture.
After the furfurylamine was consumed, the reaction mixture was diluted with CH,Cl, and successively washed
with saturated aqueous NaHCO, (1x), 10% aqueous HCI (1x) and saturated aqueous NaCl. The organic layer
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Compound 5a. IR (neat) 2980, 1728, 1676, 1468, 1359 cm''; 'H NMR (400 MHz, CDCL,). § 1.26 (t, J= 7.3

Hz, 3H), 2.97 (d, ] = 3.7 Hz, 1H), 3.51 (dd, J = 4.7, 3.7 Hz, 1H), 3.54 (d, J = 12.0 Hz, 1H), 3.86 (d, 12.0
Hz, 1H), 4.14 (qd, 7.3, 1.1 Hz, 2H), 445 (d, ] = 15.0 Hz, 1H), 4.62 (d, J = 15.0 Hz, 1H), 5.27 (dd, 4.8,
1.7 Hz, 1H), 6.32 (dd, I = 5.9, 1.7 Hz, 1H), 6.51 (d, I = 5.9 Hz, 1H), 7.22-7.37 (m, 5H); C NMR (100

LRR) 212 s 2327y 7 (iady TRy, ANAVAIN AV

MHz, CDCL): § 14.6, 23.8, 47.1, 49.2, 51.8, 61.6, 80.8, 90.7, 128.1, 128.3, 129.2, 135.3, 135.5, 136.3,
170.8, 173.0; HRMS (FAB) calcd for C ;H,,NO, (M+H) 314.1393, found 314.1390.

Compound 5b. IR (neat) 3012, 2926, 1726, 1686 cm™; 'H NMR (400 MHz, CDCL)
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H), 2.74 (d, } = 9.4 Hz, 1H), 2.83 (d, ] = 9.4 Hz, 1H), 3.65 (d, J = 11.7 Hz, 1H), 3.80 (d, J = 11.7 Hz, 1H),
428 (qd, J = 7.0, 2.2 Hz, 2H), 4.38 (4, J = 15.0 Hz, 1H), 4.67 (d, J = 15.0 Hz, 1H), 5.18 (d, J = 1.7 Hz,
1H), 6.43 (dd, J =59, 1.7 Hz, 1H), 6.47 (d, J = 5.9 Hz, 1H), 7.24-7.38 (m, 5H). '°C NMR (100 MHz,
CDCl,): 6 14.3, 44.8, 46 4, 47.9, 51.1, 61.0, 81.3, 88.3, 127.3, 127.6, 128.5, 135.1, 135.8, 136.5, 170.3,
171.5; HRMS (FAB) calcd for C,(H,,NO, (M+H) 314.1393, found 314.1390.

Compound 5¢. IR (neat) 2961, 2926, 1689, 1666, 1531, 1470 cm™; 'H NMR (400 MHz, CDCL,): $0.92 (t, J

= 7.3 Hz, 3H), 1.52 (m, 2H), 2.73 (d, ] = 9.0 Hz, 1H), 2.79 (d, } = 9.0, 1H), 3.22 (m, 2 H), 3.66 (d, J =

11.7 Hz, 1H),3.82(d, }= 11.7 Hz, 1H), 449 (d, ] = 146 Hz, 1H), 454 (d,J = 14.6 Hz, 1H), 529 (d, ) =
1 O 1IY.. 1LY g AA 11 T _&£€0 10 1LY TIN £ AT 17 N 1Y T —— 13
1.8 Hz, 1H), 6.44 (dd, J = 5.9, 1.8 Hz, IH), 6.47 (d, J = 5.9 Hz, 1H), 6.97 (b, 1H), 7.22 - 7.38 (m, 5H); 'C

NMR (100 MHz, CDCl,): 8 11.8, 22.8, 41.7, 47.0, 47.4, 48.3, 51.0, 82.9, 89.0, 127.8, 128.0, 128.8,
135.3, 135.8, 136.7, 170.4, 170.9; HRMS (FAB) calcd for C (H,,N,0, (M+H) 327.1710, found 327.1701.

<1, lyw nan N ORATTY -~ 7.1 v

t) 3065, 2999, 1706, 1680 cm™; 'H NMR (400 MHz, CDCl,): 6 2.86 (d,

1H), 2.89 ( .3 Hz, 1H), 3.68 (d, J = 12.0 Hz, 1H), 3.86 (d, J = 12.0 Hz, 1H), 4.36 (d, ] = 14.6 Hz,

1H), 4.61 (d, J = 14.6 Hz, 1H), 5.40 (s, 1H), 6.48 (m, 2H), 7.04 - 7.60 m, 9H), 9.10 (bs, 1H). *C NMR
4

13
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T
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100 MHz, CDCL,):

=
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V, 7y
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134.4, 135.5, 135.6, 136.5, 139.1, 169.1, 171.0; MS (FAB) caled for C,,H,,CIN,O, (M+H) 395.1163,
found 395.1168.

Compound Se. IR (neat) 3082, 3019, 2996, 1705, 1664, 1432 cm’; 'H NMR (400 MHz, CDCL): & 2.26 (s,

3H), 2.8 (d, J = 4.0 Hz, 1"), 3.54 (d, 1= 12.1 Hz, 1H), 3.62 (dd, J= 44, 4.0 H?, 1"), 3.85 (d, J = 12.1
Hz, 1H), 4.46 (d, ] = 15.0 H, 1H), 4.60 (d, J = 15.0 Hz, 1H), 5.26 (dd, J = 4.4, 1.5 Hz, 1H), 632 (dd, J =
5.9, 1.5 Hz, 1H), 6.46 (d, J = 5.9 Hz, 1H) 7.22-7.38 (m, SH). C NMR (100 MHz, CDCL,):  29.9, 46.9,
49.1, 50.8, 55.7, 80.3, 90.4, 127.7, 127.9, 128.8, 134.6, 134.7, 135.8, 172.6, 204.5; HRMS (FAB) calcd

for C,,H,,NO, (M+H) 284.1287, found 284.1291.
Compound 5f. IR (neat) 3089, 3065, 3031, 1682, 1467 cm’'; '"H NMR (400 MHz, CDCl,): §2.99 (d, J = 4.0

Hz, 1H), 3.59 (d, J = 12.0 Hz, 1H), 3.87 (d, J = 12.0 Hz, 1H), 4.28 (dd, J = 44, 4.0 Hz, 1H), 454 (d, ] =
15 Hz, 1H), 4.61 (d,J = 15.0 Hz, 1H), 532 (dd, J = 4.4, 1.5 Hz, 1H), 6.42 (m, 2H), 7.24 - 7.38 (m, 5H),
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7.48 (d, ] = 8.8 Hz, 2H), 8.25 (d, J = 8.8 Hz, 2H); "*C NMR (100 MHz, CDCL):  47.0, 49.0, 51.8, 51.9,

~m o rrm R ey

81.4, 90.6, 127.8, 127.9, 128.9, 129.1, 130.5, 133.5, 134.3, 135.7, 136.5, 140.1, 172.8, 196.1; HRMS
(FAB) calcd for C,,H,,CINO, (M+H) 380.1054, found 380.1053.
Compound 5g. IR (neat) 3009, 2916, 1698, 1681 cm’'; 'H NMR (400 MHz, CDCL): & 1.25 - 1.50 (m, SH),

1.66 - 1.92 (m, SH), 2.57 (m, 1H), 3.10 (d, T =40 Hz, 1H), 358 (d, F =117 Hz, 1H), 3.86 (d, J = 11.7
Hz, 1H), 4.35 (dd, ] = 4.4, 4.0 Hz, 1H), 4.54 (d, J = 15.0 Hz, 1H), 4.64 (d,J = 15.0 Hz, 1H), 5.33 (dd, J =
7.38 i7 J

-—
=

4.4, 1.6 Hz, iH), 6.34 (dd, J = 5.8, 1.6 Hz, iH), 6.44 (d, j = 5.8 Hz, 1H), 7.26 - 7.38 (m, 7H), 8
8.0 Hz, 2H); "C NMR (100 MHz, CDCL,): § 26.3, 27.0, 34.3, 45.0, 47.0, 49.0, 51.6, 81.6, 90.8, 127.3,
127.8, 128.0, 128.9, 129.2, 133.6, 134.0, 1359, 136.1, 154.4, 173.1, 196.4;, HRMS (FAB) calcd for

Compound 5h. IR (neat) 2978, 2939, 1733, 1686 cm’; 'TH NMR (400 MHz, CDCl,): & 1.27 (t, J = 7.0 Hz,

3H), 1.78 (s, 3H), 3.08 (d, J = 3.7 Hz, 1H), 3.15 (d, J = 3.7 Hz, 1H), 3.50 (d, J = 11.7 Hz, 1H), 3.80 (d, J
= 11.7 Hz, 1H), 4.15 (m, 2H), 4.32 (d, J = 15.0 Hz, 1H), 4.73 (d, J = 15.0 Hz, 1H), 6.15 (d, J = 5.5 Hz,

iHz, CDCL,): 6 14.3, 18.5, 46.6, 49.0,
51.5, 54.6, 61.0, 89.1, 127.4, 127.7, 128.5, 135.0, 137.7, 137.8, 170.3, 172.3; HRMS (FAB) calcd for
C,,H, NO, (M+H) 328.1549, found 328.1547.

) 2979, 2936, 1733, 1680 cm’! ):81.32(t, J = 7.0 Hz, 3

It

H), 1.67 (s, 3H), 2.76 (d, J = 9.0 Hz, 1H), 2.86 (d, ] = 9.0 Hz, 1H), 3.67 (d, J = 11.7 Hz, 1H), 3.74 (d, J =
11.7 Hz, 1H), 4.27 (qd, J = 7.0, 1.8 Hz, 2H), 4.35 (d, J = 15.0, Hz, 1H), 473 (d, J = 15.0 Hz, 1H), 6.22
(d, J = 5.6 Hz, 1H), 6.49 (d, T = 5.6 Hz, 1H), 7.26 - 7.36 (m, 4H); '*C NMR (100 MHz, CDCL): § 14.4,

16.0, 46.7, 48.3, 48.6, 54.6, 60.9, 87.8, 89.2, 127.4, 127.8, 128.6, 1359, 136.3, 139.9, 170.3, 170.8;
HRMS (FAB) calcd for C;H, NO, (M+H) 328.1549, found 328.1550.

Compound 5J. IR (neat) 3071, 3025, 2932, 1681, 1647, 1455 cm”; '"H NMR (400 MHz, CDCL): & 1.67 (s,
3H), 2.77 (d, T = 9.2 Hz, 1H), 2.90 (d, ] = 9.2 Hz, 1H), 3.55 (d, ] = 11.8 Hz, 1H), 3.70 (d, J = 11.8 Hz,
1H), 438 (dd, J = 14.7, 5.12 Hz, 1H), 4.45 (s, 2H), 5.5 (dd, J = 14.7, 5.5 Hz, 1H), 6.17 (d, J = 5.5 Hz,
1H), 6.33 (1, } = 5.1 Hz, 1H), 6.48 (d, J = 5.5 Hz, 1H), 7.08 - 7.14 (m, 2H), 7.21 - 7.29 (m, 3H), 7.30 -

7.36 (m, 3H); *C NMR (100 MHz, CDCl,): § 16.3, 44.0, 46.9, 48.4, 50.1, 55.1, 88.0, 89.8, 127.4, 127.7,

128.1, 128.2, 128.6, 128.8, 135.8, 136.2, 138.2, 139.7, 169.8, 170.6; HRMS (FAB) calcd for C,,H,,N,O,
{M+H\ 3809.1866. found 380,1859,

1 OV, Miia JUS .

Compound Sk. IR (neat) 2912, 1673(br) cm’; ‘H NMR (400 MHz, CDCl,): 6 1.73 (s, 3H), 2.3 (s, 3H), 2.81

(d, ¥=4.5Hz, 1H), 3.27 (d, J = 4.5 Hz, 1H), 3.52 (d, J = 11.7 Hz, 1H), 3.80 (d, J = 11.7 Hz, 1H), 4.34 (d,
J=15.0Hz, 1H), 473 (d, J = 15 Hz, 1H), 6.25 (d, J = 5.5 Hz, 1H), 6.41 (d, ] = 5.5 Hz, 1H), 7.22 - 7.38

1T, TV v, R

A 10N 2N ] AT 1 AN & && N £N A 0O N1Q N
PRCL)0 0 15U, SU), 471, 470, 35.2, bu4a b 0.,

o)
\J
00
I

11
, Lo

\tD
oo

QQ
s OO0. v

C
128.9, 134.2, 135.8, 139.1, 172.7, 206.2; HRMS (FAB) calcd for CH,,NO, (M+H) 298.1444, found
298.1436.
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Compound 51. IR (neat) 2985, 2939, 1726, 1693 cm™'; 'H NMR (400 MHz, CDCL): § 1.29 (t, J = 7.0 Hz, 3

N ~AY T — ,-. ~

H), 1.70 (d, J = 1.8 Hz, 3H), 1.72 (s, 3H), 3.13 (s, 2H), 345 (d, J = 11.7 Hz, 1H), 3.75 (d, T = 11.7 Hz,
1H), 4.15 (q, J = 7.0 Hz, 2H), 4.30 (d, J = 15.0 Hz, 1H), 4.74 (d, J = 15.0 Hz, 1H), 6.07 (d, J = 1.73 Hz,
1H), 7.22 - 7.38 (m, 5 H); C NMR (100 MHz, CDCL): & 13.3, 14.4, 17.1, 46.7, 49.1, 51.3, 54.7, 61.0,
88.1, 90.8, 127.4, 127.7, 1282, 1286, 135.8

INTy 1&d Ty Rdmi iy BaU.dwy AU, Uy LJJ.4, LU,

(M+H) 342.1706, found 342.1706.
Compound 5m. IR (neat) 2979, 2932, 1719, 1680 cm™; 'H NMR (400 MHz, CDClL,): 6 1.32 (t, J = 7.3 Hz,

3H), 1.58 (s, 3H), 1.79 (d, J = 1.8 Hz, 3H), 2.67 (d, J = 8.8 Hz, 1H), 2.87 (d,J = 8.8 Hz, 1H), 3.61 (d, J =
11.7 Hz, 1H), 3.69 (d, J = 11.7 Hz, 1H), 4.26 (m, 2H), 4.32 (d, J = 15.0 Hz, 1H), 4.73 (d, J = 15.0 Hz,

]

- HRMS FAR) paled for & H NN
i A2 OA\L AT ) AL LU \Jm.l.l.zsl‘\.’“

iH), 6.04 (d, J = 1.8 Hz, 1H), 7.24 - 7.36 (m, SH); "*C NMR (100 MHz, CDCL,): 9 6 12.1, 14.3, 23.5, 46.5,

47.7, 48.5, 56.2, 60.8, 87.0, 90.4, 127.3, 127.7, 128.5, 129.4, 135.9, 148.5, 170.4, 171.0; HRMS (FAB)
calcd for C,H,,NO, (M+H) 342.1706, found 342.1713.

i ALe ID fmant) ANEL ANDE N020 1£90 1687 ara-le IIT NIMD 74NN AALT. ATWM Y. & 1| €0 7. ALY
\.,uuxpuuuu Ik AIZ ICadl) oVVo, JulJ, LIJ07, 100V, 1VJD LI, I1 INIVIEN (44U [vlI1Z, \/U\,laj O 1.0 », on),
1.76 (d, J = 1.8 Hz, 3H), 2.68 (d, J = 9.2 Hz, 1H), 2.91 (d, ] = 9.2 Hz, 1H), 3.50 (d, J = 11.7 Hz, 1H), 3.65

4.3, 5.1 Hz, 1H), 4.45 (s, 2H), 4.55 (dd, J = 14.3, 5.9 Hz, 1H), 6.02

(d,J=11.7Hz, 1H), 4.36 (dd, J =
b, 1H), 6.32 (b, 1H), 7.09 - 7.34 (m, 10H); "C NMR (100 MHz, CDCL): § 12.4, 14.6

49.7, 56.6, 87.1, 91.1, 127.3, 127.6, 128.0, 128.2, 128.5, 128.8, 129.3, 135.9, 138.1, 148.2, 170.0, 170.9;
HRMS (FAB) caled for C,;H,(N,0, (M+H) 403.2022, found 403.2018.

General Procedure for the Preparation of Epoxides 6 and 7: To a solution of 5a (0.6 g, 1.92 mmol)
in CH,Cl, (30 mL) was added 3-chloroperoxybenzoic acid (3.88 mmol, Aldrich, 57-86%) and the mixture was
stirred at room temperature for 12h. The reaction mixture was diluted with CH,Cl, and successively washed
with saturated aqueous NaHCO, (1x) and saturated aqueous NaCl. The organic layer was dried, filtered, and
evaporated to give the crude compound which was purified by silica gel chromatography (60:40 to 40:60
vide 6 (0.55 g, 87 % yield).

hexanes : EtOQAc) to

O Droy
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Compound 6. IR (neat) 2980, 2921, 1735, 1694, 1470 cm*; 'H NMR (400 MHz, CDCL,): 6 1.32 (t, ] = 7.0

Hz, 3H), 3.19 (d, J = 4.0 Hz, 1H), 3.45 (d, J = 3.3 Hz, 1H), 3.49-3.51 (m, 2H), 3.54 (d, J = 12.1 Hz, 1H),
3.72(d, J = 12.1 Hz, 1H), 4.22 (q, ] = 7.0 Hz, 2H), 4.46 (d, J =15.0 Hz, 1H), 4.55 (d, J = 15.0 Hz, 1H),

4.79 (d, J = 5.1 Hz, 1H), 7.2 - 7.4 (m, 5H); "C NMR (100 MHz, CDCl,): & 14.6, 47.0, 47.8, 48.8, 50.8,

52.1,76.6, 76.7, 86.2, 127.9, 128.0, 128.9, 135.5, 169.5, 171.4; HRMS (FAB) calcd for C,;H,,NO, (M+H)
330.1342, found 330.1333.

Compound 7. IR (neat) 3005, 2906, 1709. 1685 cm™; "H NMR (400 MHz, CDCI,): § 2.34 (s, 3H), 3.06 (d, ]
=48 Hz, 1H), 347 (d,] 3 Hz, 1H), 3.51 (d, J = 3.3 Hz, 1H), 3.55 (d, J = 12.1 Hz, 1H), 3.62 (t, ] = 4.8

Hz, 1H), 3.73 (d, J = 12.1 Hz, lH) 4.46 (d,J =150 Hz, 1H), 4.53 (d, J = 15.0 Hz, 1H), 479 (d, ] = 4.8
Hz, 1H), 7.21-7.36 (m, 5H); "C NMR (100 MHz, CDCL,): 8 30.5, 46.9, 47.9, 48.8, 48.9, 50.9, 59.6, 76.5,
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