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59 (11), 57 (28), 43 (62). Anal. Caled for CgH,40q: C, 49.09; H,
7.32. Found: C, 49.15; H, 7.21.
2,4,4,5-Tetramethoxy-3-hydroxy-5-methyltetrahydrofuran
(5): oil; 'TH NMR $4.93(d,1H,J =5.2Hz),4.04 (dd, 1 H, J
= 5.2 and 10.5 Hz), 3.54 (s, 3 H), 3.43 (s, 3 H), 3.35 (s, 3 H), 3.3
(s, 3 H), 3.05 (d, OH, J = 10.5 Hz), 1.4 (s, 3 H); 3C NMR 4 106.6,
104.9, 102.5, 72.2, 56.4, 51.0, 49.7, 48.6, 17.6; MS m/z (relative
intensity) 191 (1), 145 (11), 131 (100), 117 (53), 85 (16), 75 (44),
59 (13), 57 (7), 43 (26). Anal. Caled for CgH 30, C, 48.65; H,
8.16. Found: C, 48.58; H, 8.21.
2,4,4,5-Tetramethoxy-5-phenyltetrahydrofuran-3-one (4c):
oil; tH NMR 4 7.7-7.55 (m, 2 H), 7.5-7.3 (m, 3 H), 5.15 (s, 1 H),
3.6 (s,3H), 3.4 (s, 3 H), 3.3 (s, 3 H), 3.1 (8, 3 H); MS m/2 (relative
intensity) 251 (4), 194 (3), 179 (27), 146 (100), 131 (28), 117 (34),
105 (59), 77 (39), 75 (43), 59 (12). A second isomer could be
detected by 'H NMR and GLC-MS: 'H NMR 6 7.7-7.56 (m, 2

H), 7.5-7.3 (m, 3 H), 4.9 (s, 1 H), 3.65 (s, 3 H), 3.38 (s, 3 H), 3.28 -

(s, 3 H), 3.15 (s, 3 H); MS m/z (relative intensity) 251 (2), 194
(3), 179 (35), 146 (100), 131 (29), 117 (83), 105 (56), 77 (36), 75
(41), 59 (10). Anal. Caled for C, H;s0g: C, 59.57; H, 6.43. Found:
C, 59.71; H, 6.32.
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Introduction

In the field of cancer research, an important class of
natural products derived formally from the dimerization
of 3-phenylpropane precursors,® namely, lignan lactones,
is well recognized.* The many varied types of structures
that lignan lactones can possess, e.g., 1-3, ..., etc., have
presented a considerable challenge to organic chemists over
the years and indeed many elegant syntheses for their
skeleton have been reported.58

(1) This is part 37 of the series Substituted y-Butyrolactones. For part
36 of this series, see: Zimmer, H.; Amer, A.; Chiem Van Pham; Schmidt,
D. S. J. Org. Chem. 1988, 53, 3368.

(2) Visiting Scholar 1989 (on leave from Alexandria University, Egypt).

(3) Geissman, T. A.; Crout, D.-H. Organic Chemistry of Secondary
gégf; 9Agfembolum, Freeman, Cooper & Co.: San Francisco, 1969; pp

(4) Pratt, W. B.; Ruddon, R. W. The Anticancer Drugs; Oxford
University Press: New York, 1979; pp 221-235.

19 8(2) IF}orﬁn excellent recent review, see: Ward, R. S. Chem. Soc. Rev.
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Of particular interest to us are type 1 compounds for
which we devised the first synthesis of their unsymmetrical
analogues 4.7

In the continuation of studies of the chemistry of 8- and
a-tetronic acids 5 and 6, we wish to report our finding in
utilizing these molecules in building up the lignan lactone
skeleton.

Results and Discussion

Retrosynthetically, the construction of 4 can be ap-
proached in a convergent manner and would involve a

AIHAH
o o]

4

Horner-Emmons reaction of a phosphonate carbanion
such as the anion derived of diethyl benzylphosphonate
(9) with the ketonic group of either 7 or 8 (formally ob-
tained from 5 or 6 respectively)®® followed by a hydro-
genation of the double bonds and epimerization by base

at C-3.
-

5

O
o ¢]

6

A Horner-Emmons reaction of 7 with 9, however, failed
to produce the desired 1,2-adduct. Instead 7 reacted as
a Michael acceptor yielded compounds of type 10. Their
structural assignments were based on elemental analysis
and spectroscopic data (Scheme I).

The existence of several studies concerning the factors
governing the reactivity of stabilized carbanions such as
9 with a,5-unsaturated carbonyl compounds as to 1,2-
versus 1,4-addition, e.g., Horner-Emmons fashion or Mi-
chael addition,!®!! prompted us to apply a number of

(6) Whiting, D. A. Nat. Prod. Rep. 1990, 7, 349,

(7) Zimmer, H.; Rothe, J.; Holbert, J. M. J Org Chem 1960, 25, 1234.

(8) Zimmer, H.; Hlllstrom, W. W,; Schmidt, J. C.; Seemuth, P. D.;
Végeli, R. J. Org. Chem. 1978, 43, 1541.

(9) Zimmer, H.; Manning, M. J.; Ventura, M.; Amer, A.; El Massry,
A. J. Heterocycl. Chem. 1986, 23, 199.

(10) Bergmann, E.; Solomonovici, A. Tetrahedron 1971, 27, 2675 and
references cited therein.

0022-3263/91/1956-5210$02.50/0 © 1991 American Chemical Society
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Scheme I

1]
Ar'CHaP(OEY)2 9

——
nBuLi/-78°C
N2
7a-f ?
10
PhCHaMgC! 11
mp (°C)
a) Ar=CgHsg Ar'=CgHs 238
b) Ar=p-CH3CgHs Ar' =CgHs 198
Ph ¢) Ar=p-BrCgHs Ar'=CgHs 223
d) Ar=p-FCgHy Ar'=CgHs 230-231
Ar e} Ar=p-CiCgHg Ar'=CgHs 219
HO, f) Ar=2-CigH7  Ar'=CeHs 252
o (o]
12
mp (°C)
a) Ar = CgHs 206
b) Ar = p-CH3CgHa 149
Table I
[¢}
i
(EtO)2-P
o CH -©—c+«;
CH ‘V‘< :>—CH
(o o}
O
Applied Condition Yield of (1,4) Product
n-Buli/THF
1 Ho, 20%
78°C RT
n-Buli/THF-hexane H20
2] > no reaction
-78°C
[12-Crown-4) -THF H20
3} > S8%
n-Buli/-78°C RT
n-Buli-t-BuOK/THF H20
4 > 25%
-78°C RT
NaH /THF
5] —_— H20 15%

-35°%C

different conditions that reportedly led to formation of
1,2-additions. However, in the present system only 1,4-
additions were observed (Table I).

Since nonhindered Grignard reagents add preferentially
in a 1,2-fashion to conjugated systems,!? we, in order to
get the desired lignan skeleton 4, condensed 7 with ben-
zylmagnesium chloride (11). However, this reaction also
went in a Michael-type fashion to afford 3-(1’,2’-diaryl-
ethyl)-4-hydroxy-2(5H)-furanones 12 (Scheme I).

The unsuccessful attempts using 7 as well as the dif-
ference in the calculated partial atomic charges of 7 versus
8 led us to adopt the latter for the construction of the
desired lignan skeleton. Thus, the reaction of 8a with 9
was performed under reaction conditions similar to the
ones used for the condensations involving 7. The reaction
in this case proceeded with 1,2-addition to give 13a with
no simultaneous 1,4-addition product formed (Scheme II).

The structural elucidation of 13a is based on elemental
analysis and spectroscopic investigations. NMR assign-
ments (Experimental Section) confirmed that 13a has an
E configuration. No trace of the corresponding Z isomer
was observed in the reaction mixture. Similarly, com-
pounds 13b and 13c were synthesized.

Reacting 8 with 11 afforded 14 also via a 1,2-addition
reaction as happened with the phosphonate-stabilized
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Scheme I
0
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o 0 (E10)2P, X
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PhCHP(OEH, Ar—: i:
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nBuli/-78°C
[} ° N, o o
5 13
a) Ar = CgH Thiv
= CeHs -
PhCH,MgCl b) Ar = pCHiCeHa 177
O Ar = p-CiCgHs 232

a) Ar = CgHs
b) Ar = p-CH3CgH4
¢} Ar = p-ClCsH4

Scheme III

Figure 1.

carbanion to afford 13. However, the 'H NMR spectra of
14a—c were more complicated than those of 13. They were
characterized by two different sets of methylene protons
at C-5 of the furane ring. Compound 14a was chosen as
prototype for detailed investigation. Its *H NMR spectrum
revealed the presence of a mixture of E and Z isomers. A
2D-COSY experiment also confirmed this fact. A plausible
explanation for these results is to assume the reaction to
proceed via a competing single-electron transfer (SET)13-16

(11) Ostrowski, P.; Kane, V., Tetrahedron Lett. 1977, 40, 3549.

a1 2532) House, H. O.; Respess, W.; Whitesides, G. J. Org. Chem. 1966, 31,

(13) Walling, C. J. Am. Chem. Soc. 1988, 110, 68486.
(14) Ashby, E. C. Acc. Chem. Res. 1988, 21, 414.
(15) Holm, T. Acta Chem. Scand. Ser. B 1983, B37, 569.
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mechanism or a reversible 1,4-addition.

Dehydration, hydrogenation, and a subsequent epim-
erization of 14 seem to be the only three steps necessary
to achieve the goal of a new synthesis of lignans of the
a,8-unsymmetrically substituted y-butyrolactone class 4.
However, when 14 was treated with poly(phosphoric acid)
(PPA), it underwent a dehydrative cyclization to a cyclo-
lignan of the 1,4-dihydronaphthalene type 15 (Scheme III).
The structural assignment of 15 again was based on ele-
mental analysis and spectroscopic data and secured by
X-ray analysis. A perspective view of the molecule in the
unit cell of 15a is presented in Figure 1.

An explanation for the formation of 15 can be visualized
by a 1,3-shift to yield a highly resonance stabilized car-
bocation. A nucleophilic attack by the a-aryl group on this
cation and loss of a proton completes the transformation
of 14 into the cyclolignan lactone skeleton of type 15
(Scheme III). Cyclodehydration of unrelated substituted
lactone precursors were previously documented to afford
only the tetralin ring system.18:19

Conclusion

The reaction sequence presented here provides a simple
and first synthesis for the cyclolignan lactone skeleton of
the 2%,4—dihydronaphthalene system occurring in konyanin
3.

Experimental Section

Melting points are uncorrected. Analytical TLC was performed
by using the ascending technique with EM silica gel 60 Fy,
precoated on plastic sheets. 'H NMR spectra were recorded at
250 or 300 MHz. GC-MS data were obtained at 70 eV. X-ray
data were recorded on a Nicolet R3m diffractometer and analyzed
on a MicroVAX II using the SHTLXTL PLUS series of crys-
tallographic programs.

3-[1/,2’-Diaryl-2’-[bis(ethyloxy)phosphinyl]ethyl]-4-
hydroxy-2(5H)-furanone 10. General Procedure. To a stirred
cold solution of diethyl benzylphosphonate (5 mmol) in THF at
-78 °C was added n-butyllithium (5.1 mmol) under N;. The
reaction mixture was left for 15 min before the addition of a
solution of 7 (5 mmol) in THF (50 mL). After standing at -78
°C for 15 min, it was allowed to reach rt. The solvent was removed,
water (25 mL) was added, and the reation mixture was neutralized
with dilute HC] and extracted with diethyl ether. The ether layer
was dried (MgSO,) and evaporated The residue was recrystallized
from ethyl acetate to give 10.

3-[2"-[Bis(ethyloxy)phosphinyl]-1’,2’-diphenylethyl]-4-
hydroxy-2(5H)-furanone (10a): vield 0.52 g (25%) of a colorless
crystalline solid; mp 238 °C; tH NMR (CDCl;) 5 0.9 (m, 6 H), 3.5
(m, 4 H),399,412(2d,2H,J=159Hz2),470 (dd,1 H,J =
19.0, 12.6 Hz), 5.45 (dd, overlapping, 1 H, J = 13.0, 12.6 Hz), 7.30
(m, 5 H), 7.85 (m, 5 H), 12.1 (s, 1 H, D,0 exchangeable); MS (CI)
m/e 417 (M + 1)*; IR (KBr) 1745, 1653 cm™. Anal. Caled for
CyoHos00P: C, 63.46; H, 6.04. Found: C, 63.44; H, 6.04.

3-[2-[Bis(ethyloxy)phosphinyl]-1’-(4-methylphenyl)-2’-
phenylethyl]-4-hydroxy-2(5H)-furanone (10b): yield 0.52 g
(24%) of colorless crystalline solid; mp 198 °C; 'H NMR (CDCly)
50.9 (m, 6 H), 2.4 (s, 3H), 3.5 (m, 4 H), 3.99,4.12 (2d, 2 H), 4.70
(dd, 1 H), 6.45 (dd, overlapping 1 H), 7.30 (m, 5 H), 7.85 (m, 4
H), 12.1 (s, 1 H, D,0 exchangeable); IR (KBr) 1745, 1653 cm™.
ﬁnal. Caled for C50Hp,06P: C, 64.22; H, 6.28. Found: C, 64.12;

, 6.37.

3-(1’-Aryl-2’-phenylethyl)-4-hydroxy-2(5H)-furanone 12.
General Procedure. To a cold solution of 7 (5 mmol) in THF

136 (16) Matsuyama, T.; Yamataka, H.; Hanafusa, T. Chem. Lett. 1988,

(17) Orchin, M. J. Chem. Educ. 1989, 66, 588.
(18) Murphy, W.; Wattanasin, 8. J. Chem. Soc Perkin Trans. 1, 1982,

271

(19) Van der Eycken, J.; De Clercq, P.; Vandewalle, M. Tetrahedron
Lett. 1988, 26, 3871

(20) Gﬁzler, T, szler, B.; Patra, A, Leet, J.; Freyer, A.; Shamma, M.
Tetrahedron 1984, 40, 1145,

Notes

(50 mL) at ~16 °C was added 11 (2 M solution in THF) (5 mmol)
over a period of 10 min with stirring. After 30 min the reaction
mixture was heated slowly to 40 °C and kept there for 1 h. It
was poured onto water and then acidifed by dilute HCI to pH
5.6 and extracted with CHCl;. The organic layer was dried over
anhydrous MgSO, and then evaporated, and the residue was
recrystallized from ethyl acetate.
3-(1,2-Diphenylethyl)-4-hydroxy-2(5H)-furanone (12a):
yield 0.7 g (50%) of a colorless solid; mp 206 °C; 'H NMR
(CDCl;-DMSO0-dg) 4 3.10-3.50 (m, 2 H), 410 (m, 1 H), 4.39 (s,
2 H), 7.25 (m, 10 H), 10.8 (s, 1 H, D,0 exchangeable); IR (KBr)
1710, 1653 em™!; MS (EI) m/e 280 (M**, 4), 262 (2), 189 (56), 91
(100). Anal. Calcd for C,4H;605: C, 77.12; H, 5.75. Found: C,
76.89; H, 5.67.
3-[1’-(4-Methylphenyl)-2’-phenylethyl]-4-hydroxy-2-
(5H)-furanone (12b): yield 0.65 g (44%) of a colorless solid;
mp 149 °C; 'TH NMR (CDCly) 5 2.29 (s, 3 H), 3.33 (dd, 2 H), 3.99
(dd, 1 H), 4.40 (s, 2 H), 7.25 (m, 9 H), 11.50 (s, 1 H, D,0 ex-
changeable); IR (KBr) 1713, 1637 cm™; MS (EI) m/e 294 (M*+,
4), 276 (3), 203 (36), 91 (100). Anal. Caled for C,gH305: C, 77.53;
H, 6.16. Found: C, 77.36; H, 5.96.
4-((E)-Arylmethylene)-3-[[bis(ethyloxy)phosphinyl]-
phenylmethyl]-3,4-dihydro-2(5H)-furanone 13. General
Procedure. The procedure was the same as that above for 10,
using 8 instead of 7.
3-[[Bis(ethyloxy)phosphinyl]phenylmethyl]-3-hydroxy-
4-((E)-phenylmethylene)-3,4-dihydro-2(5H)-furanone (13a):
yield 1.9 g (92%) of a colorless crystalline solid; mp 174-176 °C;
1H NMR (CDCl;) (300 MHz) § 0.91, 1.21 (2 t, 6 H), 3.76, 4.01 (2
m, 5 H), 4.97 and 5.18 (2 dd, Jysuy = 14.32, Jusus = 1.5, Juy ue
= 2.4 Hz, 2 H), 6.15 (bs, 1 H), 6. 50 (d,1H,D,0 exchangeable),
7.299 (m, 10 H); IR (KBr) 3260, 1780 cm™; MS (EI) m/e 416.1382
(M**, 1.24), 228.0921 (100). Anal. Caled for CoHys0P: C, 63.45,
H, 6.05. Found: C, 63.51; H, 6.15.

4-((E /Z)-Arylmethylene)-3-benzyl-3-hydroxy-3,4-di-
hydro-2(5H)-furanone 14. General Procedure. The proced
was the same procedure as for 12, using 8 instead of 7. The
reaction product was purified by column chromatography using
ethyl acetate and/or ether as eluent.

3-Benzyl-3-hydroxy-4-(phenylmethylene)-3,4-dihydro-2-
(5H)-furanone (14a): yield 0.98 g (70%) of yellowish oily
product; 'H NMR (80 MHz; CDCl;) é 3.29 (m, 2 H), 2.7 (bs, 1
H), 4.54 (m, 3 H) 6.7, 7.30 (s, m, 11 H); (300 MHz) 3.21 (dd, J
= 13.16 Hz, 1.3 H), 3.32 (dd, J = 7.35 Hz, 0.4 H), 3.37 (dd, J =
8.82 Hz, 0.3 H), 3.86 (bs, 1 H), 4.15, 4.81 (2 dd, Jysus = 13.48,
Juspy = 2.28, Jug - = 1.97 Hz, 1.34 H (E form)), 4.36, 4.51 (2
d, Jys s = 16.14 Hz, 0.66 H (Z form)), 6.73 (bs, 0.66 H), 7.20 (m,
10.34 H); MS (EI) m/e 280 (M**, 5), 189 (50), 142 (40), 91 (100);
HRMS caled for C;gH;405 (M**) 280.1099, found 280.1116.

3-Benzyl-3-hydroxy-4-[ (4-methylphenyl)methylene]-3,4-
dihydro-2(5H)-furanone (14b): yield 1.03 g (70%) of a yellowish
oily product; 'H NMR (CDCl,) é 2.29 (s, 3 H), 3.29 (m, 2 H), 4.54
(m, 2 H), 6.70-7.30 (m, 9 H); MS (EI) m/e 294 (M**, 22), 203 (52),
182 (45), 108 (59), 91 (100). Anal. Calcd for C;pH,404: C, 77.53;
H, 6.16. Found: C, 77.31; H, 6.30.

3-Benzyl-4-[(4-chlorophenyl)methylene]-3-hydroxy-3,4-
dihydro-2(5H)-furanone (14c): yield 0.7 g (44%) of a yellowish
oily product; 'H NMR (CDCl;) 6 8.30 (m, 2 H), 4.50 (m, 2 H),
6.70-7.30 (m, 9 H); MS (EI) m/e 314 (M**, 3), 91 (100). Anal.
Caled for C,gHsClO4: C, 68.69; H, 4.77. Found: C, 68.48; H, 4.86.

4-Aryl-4,9-dihydronaphtho[2,3-¢ ]furan-1(3H)-one 18.
General Procedure. To compound 16 (5 mmol) was added
polyphosphoric acid (8 g), and the mixture was heated at 80 °C
for 1 h. The reaction mixture was poured onto crushed ice. The
oily product was extracted with CHCl,, and the organic layer was
separated, dried over anhydrous MgSO,, and evaporated. The
residue was recrystallized from carbon tetrachloride and then
isopropy! alcohol to give 15.

4-Phenyl-4,9-dihydronaphtho[2,3-¢c ]furan-1(3H)-one (15a):
yield 0.58 g (44%) of bright faint yellow crystals; mp 130-131 °C;
1H NMR (CDCly) 6 3.74 (m, 2 H), 4.46, 4.74 (2d, 2 H), 4.93 (m,
1H), 7.2 (m, 9 H); MS (EI) m/e 262 (M**, 0.5), 121 (29), 117 (100),
82 (27). Anal. Caled for CygH 05 C, 82.42; H, 5.38. Found: C,
82.67; H, 5.22.

4-(4-Methylphenyl)-4,9-dihydronaphtho[2,3-c Jfuran-1-
(3H )-omne (15b): yield 0.66 g (48%) of a pale yellow crystalline
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solid; mp 123 °C; !H NMR (CDCl,) 4 2.29 (s, 3 H), 3.74 (m, 2 H),
4.46, 4.74 (dd, 2 H), 4.93 (t, 1 H), 7.2 (m, 8 H); IR (KBr) 1713,
1653 cm™L; MS (EI) m/e 276 (M**, 70), 261 (15), 232 (34), 91 (25),
77 (15), 82 (18), 43 (100). Anal. Caled for C;gH,40,: C, 82.58,
H. 5.84. Found: C, 82.42; H, 6.00.
4-(4-Chlorophenyl)-4,9-dihydronaphtho[2,3-¢c ]furan-1-
(3H)-ome (15¢): yield 0.67 g (45%) of a pale yellow crystalline
solid; mp 160 °C; 'H NMR (CDCls) 6 3.80 (m, 2 H), 4.50, 4.70 (dd,
2 H), 4.93 (t, 1 H), 7.2 (m, 8 H); IR (KBr) 1723, 1658 ¢cm™; MS
(EI) m/e 296 (M**, 51), 252 (35), 217 (100). Anal. Calcd for
C,sH130,Cl: C, 72.85; H, 4.42. Found: C, 72.83; H, 4.53.
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We have been studying the synthetic utility of a-alk-
oxyorganocuprate reagents in the stereoselective generation
of homoaldol products. Although we were able to achieve
excellent yields of 1,4-addition products to cyclic and
acyclic enones,! and high diastereoselectivity in additions
to acyclic enals,? the cuprate methodology was limited to
alkyl-substituted a-alkoxyorganocuprates. Attempts to
prepare aryl-substituted cyclic homoaldol products using
aryl-substituted a-alkoxyorganocuprates were fraught with
low yields and considerable amounts of undesirable di-
merization of the cuprate species.’® In an effort to sur-

(1) (a) Linderman, R. J.; Godfrey, A. Tetrahedron Lett. 1986, 27,
4553~4556. (b) Linderman, R. J.; Godfrey, A.; Horne, K. Tetrahedron
Lett. 1987, 28, 3911-3914. (c) Linderman, R. J.; Godfrey, A.; Horne, K.
Tetrahedron 1989, 45, 495-506.

(2) Linderman, R. J.; McKenzie, J. R. Tetrahedron Lett. 1988, 29,
3911-3914. For additional reports of a-oxygenated organocuprate reag-
ents, see: Corey, E. J.; Eckrich, T. M. Tetrahedron Lett. 1983, 24,
3165~3168. Hutchinson, D. K.; Fuchs, P. L. J. Am. Chem. Soc. 1987, 109,
4930~4939. Knochel, P.; Chou, T.-S.; Chen, H. G.; Yeh, M. C. P.; Rozema,
M. J. J. Org. Chem. 1989, 54, 5202-5204.

mount the difficulties involved in the generation of aryl-
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