Experimental

The title compound was prepared using a method described

by Vifias et al. (1997).

Crystal data

Ci9HisP*-CeH20Bg
M, = 466.81
Monoclinic

P2|/C
a=116141(15) A
b=159238(14) A
c=15115() A
10031 (1)°
2750.3 (6) A’
4

B
1%
z

D, = 1.127 Mg m~?
D,, not measured

Data collection

Rigaku AFC-5S diffractom-
eter
w-20 scans
Absorption correction: none
5449 measured reflections
4836 independent reflections
2427 reflections with
1> 20()

Refinement

Refinement on F>

RIF? > 20(F*)] = 0.066

wR(F?) = 0.149

S = 1.006

4836 reflections

356 parameters

H atoms treated by a
mixture of independent

and constrained refinement
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Mo Ko radiation

A =0.71069 A

Cell parameters from 20
reflections

0 = 6.6-9.2°
p=0.114 mm™'
T=2942)K
Prism

0.38 x 0.36 x 0.26 mm
Colourless

Rin = 0.139

Omax = 25.09°

h=0—13

k=0— 18

I=-18— 18

3 standard reflections
every 150 reflections
intensity decay: none

w = 1/[o2(F2) + (0.0485P)’
+ 0.9040P]
where P = (F2 + 2F})/3
(A/0)man < 0.001
Apmax = 0231 ¢ AT
Apmin = —0.274 ¢ A3
Extinction correction: none
Scattering factors from
International Tables for
Crystallography (Vol. C)

Table 1. Selected geometric parameters (A, °)

P—CI9 1.780 (3)
P—C25 1.782 (3)
P—CI2 1.787 (3)
P—Ci3 1.795 (3)
C7—C8 1.567 (4)
C7—Bl11 1.610(5)
C8—B9Y 1.620 (5)
C1—C7—C8 119.1(3)
C8—C7—BI11 114.5 (3)
C3—C8—C7 118.3(3)
C7—C8—BY 110.6 (3)
B6—B2—B3 109.1 (4)
B4—B3—B2 107.7 (3)

H atoms bonded to C were fixed and the H atoms bonded to

B2—B6 1734 (7)
B2—B3 1.744 (7)
B3—B4 1.730(7)
B4—B5 1.745 (6)
B5—B6 1.807 (7)
B9—BI10 1.843(7)
B10—BII 1.784 (6)
B3—B4—B5 109.8 (3)
B4—B5—B6 106.0 (3)
B2—B6—BS 107.3 (3)
C8—B9—BI0 106.7 (3)
C7—B11—B10 106.5 (3)

B were refined with isotropic displacement parameters.

Data collection: MSC/AFC Diffractometer Control Soft-
ware (Molecular Structure Corporation, 1995). Cell refine-
ment: MSC/AFC Diffractometer Control Software (Molecu-
lar Structure Corporation, 1995). Data reduction: TEXSAN
(Molecular Structure Corporation, 1989). Program(s) used to
solve structure: SHELXS86 (Sheldrick, 1985). Program(s) used
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to refine structure: SHELX197 (Sheldrick, 1997. Molecular
graphics: ORTEPII (Johnson, 1976). Software used to prepare
material for publication: SHELXL97.

Supplementary data for this paper are available from the IUCr
electronic archives (Reference: 0OS1036). Services for accessing these
data are described at the back of the journal.
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Abstract

In the title compound (CysH4INO,), an enantiomeric-
ally pure iodolactone, the absolute configurations at the
chiral Cl1, C2, C3, C4, C5 and C6 centres have been
unambiguously assigned as IR, 2R, 3§, 45, 55 and 65,
respectively. In the bicyclo[2.2.1]heptane (norbornane)
unit, the six-membered ring presents a boat conforma-
tion, and is fused with a five-membered lactone ring
which adopts an envelope conformation.
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Comment

There is an ever-growing interest in the synthesis,
pharmacology and conformational properties of non-
proteinogenic amino acids. In particular, cyclic non-
metabolizable c-amino acids have useful biological
properties, for example, 2-aminobicyclo[2.2.1]heptane-
2-carboxylic acid has proved to be a substrate for
transport into Escherichia coli (Christensen er al.,
1969), and a stimulator of insulin release from the
rat pancreas (Christensen & Cullen, 1969). In addition,
their incorporation into peptides is often a powerful
approach for generating analogues of bioactive peptides
with enhanced biological activities (Malin et al., 1993;
Arttamangkul et al., 1995; Té6th et al., 1997).

During the last few years we have been inter-
ested in the asymmetric synthesis of amino acids
with a norbornane skeleton (Buifiuel, Cativiela & Diaz-
de-Villegas, 1996). In this context we have devel-
oped a synthetic methodology for 2-amino-3-phenyl-
2- norbornanecarboxylic acids based on the reaction
of methyl (E)-2-cyanocinnamates and cyclopentadiene
and subsequent rearrangement and hydrolysis of the
cyano and carboxylate groups (Avenoza et al., 1989)
which, recently, has prompted us to use chiral cyano-
ester as a synthetic precursor of those cyclic amino
acids in enantiomerically pure form. With this aim, we
have tested the reaction of cyclopentadiene with methyl
(E)-2-cyano-3-[(5)-1,2-dibenzyloxyethyl]acrylate. When
this starting material was treated with an excess of
cyclopentadiene in dichloromethane at room tempera-
ture, a mixture of the four possible Diels—Alder adducts
was obtained. A mixture of the two major exo/endo
diastereoisomers could be easily separated from the re-
action mixture by flash chromatography and, after a typ-
ical iodolactonization procedure, enantiomerically pure
endo iodolactone (I) was isolated. X-ray analysis of this
compound was carried out in order to determine unam-
biguously the absolute configuration at the new chiral C
atoms formed in the Diels—Alder reaction.

The molecular structure of (I) is shown in Fig. 1.
The X-ray analysis established the stereochemistry at the
chiral C1, C2, C3, C4, C5 and C6 atoms as 1R, 2R, 3S,
4S, 5S and 68, respectively. The absolute configuration
is unambiguously deduced from the known stereochem-
istry of the chiral centre at C10 which originated from
(R)-2,3-di-O-benzylglyceraldehyde. Moreover, the Flack
parameter confirms the assigned configuration. This re-

CasHaINO,

sult indicates that the addition of cyclopentadiene oc-
curred preferably to the (25i,3Re) diastereotopic face of
the dienophile.

Fig. 1. Molecular structure of (I) showing 50% probability displace-
ment ellipsoids. H atoms are omitted for clarity.

The norbornane six-membered ring adopts a distorted
boat conformation which is evidenced by the puckering
parameters (Cremer & Pople, 1975) g; = 1.054 (5), g3 =
—=0.064 (5) A, ©2 = 177.3(3), 6, = 93.5(3)° and Qr =
1.056(5)A. In the norbornane system, the bond lengths
and angles show small variations from reported values
(Buiiuel er al., 1997; Back er al., 1998) The mean
value of the bond length is 1.545 (7) A. The C4—C7—
Cl angle is contracted to 95.8 (4)° with respect to the
regular tetrahedral value, while the endocyclic angles
of the five-membered norbornane rings are in the range
100.7 (4)-104.2 (4)°. The asymmetric substitution of the
norbornane nucleus produces a twist S-(+,+) (Altona &
Sundaralingam, 1970) about the CI1---C4 vector.

The (1,2-dibenzyloxyethyl) moiety adopts a confor-
mation that avoids eclipsing of the C2—C3 and C3—
C4 bonds of the norbornane ring [C2—C3—C10—O03
and C4—C3—C10—O03 torsion angles are —69.3 (5)
and 49.0 (6)°, respectively]. The two phenyl rings are
nearly coplanar, with an interplanar angle of 13.3 (2)°.

The five-membered lactone ring adopts an almost
envelope conformation [puckering parameters, g, =
0.394 (S)A and o, = 6.1(8)°] with atom C1 deviating
by 0.611 (5) A from the plane formed by the remaining
four ring atoms. The exocyclic bond angles about the
carbonyl group C9—O1 differ by 5.7°, with the larger
value for the O1—C9—C2 angle [129.3 (6)°]. This is
in agreement with published data on other lactones
(Buiiuel, Cativiela, Diaz-de-Villegas & Galvez, 1996;
Soriano-Garcia et al., 1994; Rychlewska et al., 1992).

Experimental

The title compound was obtained via the diastereoselec-
tive Diels~Alder reaction of methyl (E)-2-cyano-3-[(S)-1,2-
dibenzyloxyethyljacrylate (I mmol) with dicyclopentadiene
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(5 mmol) in dichloromethane (20 mml) carried out under an
atmosphere of argon at room temperature for 2h. A mix-
ture of the two major exo/lendo adducts was separated from
the crude reaction mixture by flash chromatography (eluant:
ethyl acetate/hexane 1/4) and saponified with 10% KOH/EtOH
(20 ml) at reflux for 4 h. Finally, the enantiomerically pure
iodolactone (I) was isolated after a typical iodolactonization
procedure (Cativiela et al., 1992). Crystals were obtained by

slow evaporation of a water—ethanol solution.

Crystal data

C25H24INO;4

M. = 529.35
Monoclinic

P2,
a=6425(1) A
b=17895(1) A
c=21883(12) A

B=9550(1)°
V=1104.9(2) A
Z=2

D, = 1591 Mgm™?
D, not measured

Data collection

Siemens P4 diffractometer
w-20 scans
Absorption correction:

1 scan (North er al.,

1968)

Tin = 0.562, Trax = 0.866
5013 measured reflections
2332 independent refiections

(plus 1983 Friedel-related

reflections)

Refinement

Refinement on F°

R[F? > 20(F?)] = 0.038

wR(F?) = 0.097

$=1.017

4315 reflections

280 parameters

H-atom parameters
constrained

w = I[c2(F}) + (0.0639P)

+ 0.1130P]

where P = (F? + 2F3)/3

Mo Ko radiation

A=071073 A

Cell parameters from 49
reflections

6 = 6.00-16.92°

i = 1481 mm™'

T=293(12)K

Prism

0.44 x 0.38 x 0.1 mm

Colourless

3886 reflections with

F > 4o(F)
Rin = 0.040
0max = 26°
h=-7—->17
k=-9—-9
l=-26— 26

3 standard reflections
every 97 reflections
intensity decay: none

(A/O')max = 0001 .
Apmax = 0.651 e A7°
Apmin =-0652e A3
Extinction correction: none
Scattering factors from
International Tables for
Crystallography (Vol. C)
Absolute structure:
Flack (1983)
Flack parameter = —0.04 (3)

Table 1. Selected geometric parameters (A, °)

1—C5 2.159(5)
o1—C9 1.180 (6)
02—C9Y 1.367 (7)
02—C6 1.461 (6)
N—C8 1.135(8)
Cl1—C7 1.512(7)
Cl—Ceé 1.545(7)
C1—C2 1.549 (6)
C9—02—Co 110.0 (4)
C7—C1—C6 104.2 (4)
C1—C1—2 104.0 4)
C6e—Cl1—C2 97.1(4)
Cc8§—C2—C9 111.6 (5)
c8—C2—Cl1 114.2(5)

C2—C8 1470 (9)
c2—C9 1530 (8)
c2—C3 1590 (8)
C3—C4 1548 (7)
ca—C7 1539(7)
ca—Cs 1.544 (7)
C5—Cé6 1.536 (8)
C5—C4—C3 1059 (4)
C6—C5—C4 102.8 (4)
C6—C5—1 12.2(3)
Ca4—C5—1 1109 (3)
02—C6—C5 110.8 (4)
02—C6—C1 106.3 (4)
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Cc9—C2—ClI 103.9 (4) C5—C6—Cli 103.9 (4)
C8—C2—C3 1150 (4) Cl1—C7—C4 95.8(4)
C9—C2—C3 108.0 (5) N—C8—C2 178.4 (6)
CI—C2—C3 1033 (4) 01—C9—02 123.6(5)
Cc4—C3—C2 101.8 (4) 01—C9—C2 129.3 (6)
C7—C4—C5 100.7 (4) 02—C9—C2 107.1 (4)
C7—C4—C3 103.3(4)

The structure was refined by full-matrix least-squares tech-
niques with anisotropic displacement parameters for all non-H
atoms. H atoms were fixed at idealised positions and, during
the refinement, allowed to ride on the carrier atoms with indi-
vidual isotropic displacement parameters constrained to 1.2Ucq
of the carrier atom.

Data collection: XSCANS (Siemens, 1993). Cell refinement:
XSCANS. Data reduction: XSCANS. Program(s) used to solve
structure: SHELXS97 (Sheldrick, 1990). Program(s) used to
refine structure: SHELXIL97 (Sheldrick, 1997). Molecular
graphics: SHELXTL-Plus (Sheldrick, 1989). Software used
to prepare material for publication: SHELXL97 and PARST
(Nardelli, 1983).

This work was supported by the Direccién General
de Investigacién Cientifica y Técnica (project number
PB97-0998-C02-01).

Supplementary data for this paper are available from the IUCr
electronic archives (Reference: JZ1323). Services for accessing these
data are described at the back of the journal.
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crystallography and NMR spectroscopy

SHIMING L1,* KnuT LunbquisT? AND ROLF STOMBERG?

“Department of Organic Chemistry, Chalmers University
of Technology, SE-412 96 Gothenburg, Sweden, and
®Department of Inorganic Chemistry, University of
Gothenburg, SE-412 96 Gothenburg, Sweden. E-mail:
rolf@inoc.chalmers.se

(Received 21 October 1998: accepted 6 January 1999)

Abstract

The E and Z forms of the title compound, C\7H;30s,
were examined by '*C NMR and 'H NMR spectroscopy,
and the crystal structure of the E form (m.p. 397-
398 K) was determined by X-ray crystallography. Earlier
reported spectral data for these two isomeric stilbenes
are complemented or revised on the basis of these
results.

Comment

It is known from experiments with lignins and model
compounds that stilbenes of type (1) are produced from
lignin structures of the phenylcoumaran type by the

OMe HO OMe
(1
OMe OMec
RO RO
I(;,H OR (l;,H
H,C OMc Me C\H
OR

Me OMe

(2a)R=H (2b)R=H
(3a) R = COMe (3b) R = COMe
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action of various treatments such as alkaline pulping
(Adler et al., 1964; Yoon et al., 1981), acidolysis (Li
& Lundquist, 1999) and mechanical pulping (Lee et
al., 1990). Several stilbenes of type (1) have been re-
ported to be present in spent liquors from alkaline pulp-
ing (Gierer & Lindeberg, 1980; Niemeld, 1990). One
of these compounds is 2,4’-dihydroxy-3,3’-dimethoxy-
5’-methylstilbene, (2). This stilbene has also been ob-
tained through alkaline (Yoon et al., 1981) and acid
(Yasuda, 1988, and references therein) treatment of the
phenylcoumaran model, trans-2-(4-hydroxy-3-methoxy-
phenyl)-3-hydroxymethyl-7-methoxy-2,3-dihydrobenzo-
[b}furan. In this study, a mixture of the stereoisomeric
forms, (2a) and (2b), was prepared by a synthetic
method involving a Wittig reaction; the method has been
applied earlier to the synthesis of 8-(3,5-di-rert-butyl-
styryDfluoranthene (Brink et al., 1998). NMR examina-
tions of the E form, (2a), and the Z form, (2b), and
their acetate derivatives, (3a) and (3b), are reported in
this paper. A crystal structure determination of (2a) pro-
vided evidence of the molecular structure of the com-
pounds. The compounds were prone to photochemical
isomerization on exposure to daylight in chloroform so-
lution: after one week, about 10% of the E form, (2a),
had been converted to the Z form, (2b). The acetate of
the E form, (3a), also gave a mixture of the two pos-
sible stereoisomeric forms on exposure to daylight in
chloroform solution; the Z form, (3b), dominated (ca
90%).

Gierer & Nilvebrandt (1991) reported the synthesis
of (2) via a 1,]1-diaryl-2-chloroethane intermediate.
However, the 'H NMR spectral data given in their paper
for the acetylated product are not in accordance with
the spectral data for (3a) or (3b) obtained in this study.
It was noted in previous 'H NMR spectral studies of
stilbenes of type (1) (Stomberg ez al., 1998) that the
signal from one of the methoxy groups in the Z forms
is located at a comparatively high field (ca 6§ 3.5).
The present study shows that this is also true for (2b)
(6 3.62) and (3b) (6 3.54). Gierer & Lindeberg (1980)
reported the isolation of the Z isomer, (2b), as the acetate
derivative, (3b), from a Kraft pulping liquor. However,
the NMR spectral data reported for the product isolated
by Gierer & Lindeberg (1980) deviate considerably from
those of (3b) [or (3a)]. Morck & Kringstad (1985) report
13C NMR spectral data for (3a) and (3b). Their data do
not agree completely with the data obtained in this study.

Awareness of the photochemical instability of (2) and
(3) is of importance in connection with examination
of these compounds. A partial explanation of the
discrepancies between the NMR spectral data for (2)
and (3) given in this paper and those given in the
literature (see the papers referred to above) may be that
the photochemical reactions have been overlooked in
previous work.

The E stilbene, (2a), adopts a conformation that devi-
ates only slightly from planarity [angle between the ring
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