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Abstract ~ Trimethylsilyl encl ethers of aldehydes and acyclic

or c¢yclic Ketones react with carben suboxide to give substituted
4-[{trimethylsilyl)oXyl-2H-pyran-2-ones 1in good yields, which
were treated with water to afford the corresponding 4-hydroxy-2H-

pyran-2-ones.

It 1s already Known that a-pyronic¢ derivatives are an important class of
neterocyclic compounds present in a largée number of natural substances. 1v2 Recently,
a-PyYronic derlvatlives were 1sclated from South African Hellchrysum Species; s
some of them are constituents of the toxin of Alternaria citri;* some are metab-
olites of Penictllium cltree-viride;® some others wWere found in Penicillium
species, ©

a-Pyronic¢ derivatives display biolcgical activity as selective inhibitors of
human leuKocyte ejastase,’ as potential photochemotherapeutic agents for the
treatment of Psorlaslsa and are interesting as probkes for platelet anti-
aggregatory mechanlsm studies.? Some substituted o-pyrones have antihistaminel®,
antibioticl! and antiulcer!? activity. One of them is used as a preservative in
oral pharmaceutical preparations. !3

I+t 15 already Known that a-pyroenic derivatives can e used 1n cycloaddition
reactions, in the synthesis of highly substituted benzenes and i1n the preparation of

natural substances as potentlal 1, 3-dienes. 14-17
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In previous worksl® i5 PYronic derivatives were obtained by reacting encl ethers
of Ketones with maionyl chloride or traimethylsilyl enol ethers of aldehydes and of
Ketones with the same compound yielding, respectively, a mixture of a-pyrone and

fluorcgiucinoll? or various compounds according te the enol ether!? used

OSiMe3 OH
- R O=C=C=C=0 _R _R
) 1 . N H,0 - ™~
! v 5 i l
~R~" TOSiMe, t R 0 g = )
2a-h 3a~-h 4a-h
scheme 1

In this paper, following our previcus researchl® 19 and considering the high reac-
tivity and selectivity of carbon suboxide, we livestigated a new synthesis of pure

x-pyronic derivatives,

Table 1. 4-[(Trimethylsilyl)oxy)-2H-pyran-2-cnes from trimethylsilyl enol

ethers and c¢arhbon suboxide

Enol ether Pyran-2-one Yield
{4)
R OSiMe3
I R Ry
RCH:C-0SiMey R=R‘':H (2a) R=R’:H (3a) 78
ANV
R:=Me, R‘:=H (2b) R:=¥e, R':=H (3D) 87
R:=Et, R’:=H (2c) R-Et, R’:=-H (3c) TT
R=H, R’:=Me (24) R:=H, R’:=Me (34} 85
R:=H, R":Et (2e) R:=H, R‘':=Et {3e) 75
R=R':-HMe (2f) RzR* zMe (3F) 81
R=H, R':=CgHyMe-4 (2g) R:=H, R’:=CgHyMe-4 (3g) 95
. O3iMag
OSlMea

(2h) (3n} a8

The reactions were carried out by reacting egquimolar amounts of trimethylsilyl
enol ethers (2a~h) with carbon suboxide (1) in an ether solution,
The temperature was Kept at about -20%°C. The results were satisfactory 1n all cases

(see Scheme {1 and Table 1}. The PYronic compounds were isolated and ildentifled as
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trimethylsilyl enol ethers (3a-nh). After +treatment with water, the corresponding

hydroxy derivatives (#a-h) were obtained. In all cases compounds were obtained 1in

high yvields (75-95%).

In particular:

1) 5-Substituted 4-[(trimethylsilyl)oxy]-2H-pyran-2-ones were obtained starting
from trimethylsilyl enol ethers of aldehydes. The formation of either fluoroc-
glucinic derivatives or polymers was not observed

11) 6-Substituted pyran-2-ones were obtained with methylenic trimethylsilyl enotl
ethers of methyl Ketones; 5,6-disubstltuted pyran-c-ones were obtained with non
methylénic trimethylsilyl enci ethers
Starting from non symmetric¢ Ketones, two different trimethylsilyl enol ethers
were obtained. The reaction with carbon suboxide was carried out in twe diffe-
rent ways: a) by separate reactions of the trimethylsilyl enol ethers which
had been separated by common physical techniques, or b} by reacting their
mixture, In +the latter case it was necessary to separate the pyronic deriva-
tives. To confirm whether this separation 1s possible, we also c¢arried out the
reaction with butanone, which gave trimethylsilyl enol ethers (Z2e-g).

Also 1n these cases fluoroglucinic compounds or polymers wWere not observed.

EXPERIMENTAL

Melting peints were obtained on a Kofler hot stage microscope and are uncorrected.
Ir spectra were run using NaCl plates on a PerkKin-Eimer 157G grating spectrophoto-
meter. lH-Nmr spectra were recorded on a Varian FT8CA spectrometer using MeySi
as the internal standard. Mass spectra were obtalned with an "Hitachi" PerKin-Eimer
RMU-6D spectrometer at 70 eV, using a direct-inlet system

Literature procedures were followed 1ln the preparation of 121 and trimethylsi-

1yl enol ethers (2a-h). 1% 20 The analytical and spectral data of unknown 2g are

reported:

1-[(Trimethylstlyl)oxy]-1-(4-methylphenyl}ethene (2g). Yield &2%; Lp 130-131%C
(20 mm); 1H-nmr (CDClz): & 7.35 {(m, 4H, Ar-fH), 4.56 (4, J 3.5 Hz, 1H, CHp) 413 (4,
J 3.5 Hz, 1H, CH»), 2,03 (s, 3H, Ar-CHz), ©0.65 (s, 9H, S1{CHz)3): Anal. Calcd

for CypHig0S1: C. 69.85; H, 8.79. Found: C, 69.90; H, 8.81.
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4-{{Trimethyisylil)oxy)-2H-pyran-2-one (3a). To a vigorously stirred solution of 2a

{35 mmol} in anhydrous ether (400 ml) {1} (35 mmol) was added at »EOOC. At comple-
tion, the mixture was stirred at —EOOC for 3 h and then Kept at room temperature
for 24 h under stirring. The reaction mixture was evaporated to leave a residual
tiquid, which was fraction-distliled through a short Vigreux column. Yield T8Y%;
bp 120—121°C (0.8 mm). The structure was confirmed by comparison with published
data, 1%

A solution of Fa (20 mmol) and ether (50 ml) was treated with water {5 mi}. The
resulting mixture was stirred at 30°C for 1 h. The organic layer was separated,
dried over anhydrous sodium sulfate and concentrated. The bproduct was identified
as 4-hydroxy-2H-pyran-2-one (&a). Yield 7%, mp 183-184°C (from methanol) (lit.,t®

mp t180-183°C).

Analogously, starting from 1 and 2b, 2¢, 24, 2e, 2f, 2¢ and 2h, the following com-

pounds were obtained:

S5-Methyl-4-{{trimeth¥lsilyl}loxy] -2H-pyran-2-one ({(3b). Yield 8T#4; bp 100-101°%

(0. 05 mm). The structure was confirmed by comparison with published gata, 15
After treatment with water, 3b vielded 4-hydroxy-5-methyl-2H-pyran-2-one (4b),

[+] Q
Yield 95%, mp t96-197 C (from methancl) (lit.,1% mp 196 C).

5~-Ethyl-4-[(trimethylsilyl)oxy]~2H-pyran-2-one_ {(3c). Yield 774, bp 170°C (20 mm) ;

ir (liquid £ilm): 1730 cm~! (C:0); 'H-nmr (CDCl3): & 6.45 (s, iH, H-86), 5.50 (s,
iH, H-3), 2.3%5 (4, J 7.6 Hz, 2H, CHp-CHz), 1.10 {t, J 7.6 Hz, 3H, CHp-CHz), 0.35
(s, 9H, S1{(CHz)3); ms, m/z 212. 4Anal, Calcd for CygHyg035i: <€, 56.57; H, 7.60

Found: C: 56, 40; H, 7.49,

After treatment with water, 3c vyielded 5-ethyl-4-hydroxy-2H-pyran-2-one (4¢).
Yield 954, mp EOE‘% (from methanol); ir (najol): 3400 (OH), 1740, 1730 c¢m~! (c-0);
1H-nmr (DMSO-~dg} d 9.4% (s, 1H, OH, Dp0 exchanged), 6.%50 (s, 1H, H-6), 5 80 (s,
1H, H2-3), 2.20 (gq, J 7.6 Hz, &H, CH:x-CHz3), 1.20 (t, J 7.6 Hz, 3H, CHp-CH3}; ms,

m/z 140, Anal. Calecd for CqHgO3: C, $9.99; H, 5, 75, Found: €, 6C.0C1; H, 5.80,

6-Methyl-4-[(trimethylsilyl)oxy)-2H pyran-2-one (3d). Yield &5%; bp 103-104% (0.1

mm). The structure was confirmed by comparison wlth published datalS
After treatment with water, 3d vielded 4-hydroxy-6-methyl-2H-pyran-2-one (4d). Yield

97%, mp 187 C (from methanoi) {lit.,!% mp 186-187 C).
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6-Ethyl-4-[{trimethylsilyl)oxy] -2H-pyran-2-one_{3e}. Yield 75%; bp 144—14500 (20

mm); ir (liquid fllm): 1750 em~1 (C-0): H-nmr (CDClz): & 5. 38 (s, 1H, H-5), 5.06
(s, 1H, #-3), 3.73 (q, J 7.2 Hz, 2H, CHp-CHz), 1.30 (t, J 7.2 Hz, 3H, CHp-CH3), C.45
(s, %H, S1{CHz)3); ms, m/z 212. Anal. Calcd for CypoH;0381: C, 56.57; H, 7.60. Found:
C, 66.63; H, T7.869.

After treatment with water, 3e yvielded 6-ethyl-4-hydroxy-2H-pyran-z2-one (4e)., Yield
47, mp 159-160 % (from methancl); ir {(nujol): 3400 (OH), 1750, 1740 cm—1 (C=0);
H-nmr (DMSO-dg): 9. 5% (s, 1H, OH, Dp0 eXchanged), %.62 (s, 1H, H-%), 5.4C (s, 1H,
H-3), 2.18 (q, J 7 Hz, 2H, CHno-CH3}, i1.2% {t, J 7 Hz, 3H, CHp-CH3z); ms, m/z 140,

Anal. Calcd for CqHgO3: C, 59.99; H, 5.75. Found: C, 59.88; H, 5.64

5, 6-Dimethyl-4-[ (trimethylsilyl)oxy)-2H-pyran-2-one (3f). Yield 81%; bp t10-111 %
{20 mm); ir {liquid film): 1750 c¢m~! {C:0); lH-nmr (CDCl3): & 5.03 (8, 1H, H-3),
2.16 (s, 3H, CHz-6), 2.05 (s, 3H, CH3z-5), © 73 (s, 9H, Si(CH3z)3}; ms, m/z 212, Anal.
Calcd for CypHygC381: €, B6.5T; H, 7.60. Found: C, 56.63; H, 7.869.

After treatment with water, 3f ylelded 4-hydrexy-9%, 6-dimethyli-2H-pyran-2-one (4f).
Yield 91%, mp 202-203 C (from methanol) {l1t.,22 mp 201—804"06).

A& mixture of 3e and 3f 1s obtained 1f the reaction is carried cut starting froem 2e
and 2f, obtalned as a mixture from butanone and chlorotrimethyisilane.2® The final

distitlation separates 3e and 3f.

S-{4-Methylphenyl)-4-[(trimethylsilyl)oxy]-2H-pyran-2-one (3g). Yield 957, bp 145-

147°C (10 mm}); ir (liquid film): £730 em~! (C:0); lH-nmr (CDCiz): 6 7.45 (m, 4H,
arom-H), 6.00 (s, 1H, H-5), 5.45 (&, tH, H-3), 2.25 (s, 3H, Ar-CHz), O.41 (s, 9H,
51{(CHz)3); ms, m/z 274  Anal. Calcd for CjysHy;g0381: €, 65 66, H, 6.61. Feund:
C, 65.72; H, &.73.

After treatment with water, 3g vyielded 4-hydroxy-6-(4-methylphenyl)-2H pyran-2-

one (4g). Yield 924, mp 212-8130(3 (from methancl) ¢1it.,23 mp EiO-—ElSDC).

6, T-Dihydro-4-{{(trimethylsiliyl)oxylcyclopenta[b] pyran-2(S5H)-one (3h)}. Yield 88Y%;

bp 170-:¢71% (10 mm); ir (liquid film): 1730 cm-! {C:0); lH-nmr (CDhC13): & 5.20 (s,
iH, H-3)}, 2.70 {m, 4H, CHp-CHp-CHz}), 2.00 {m, 2H, CHp~CHp~CHp); ms, m/Zz 224,
Anal. Calca for C44Hyg0O3S81: ¢, $8.90; H, T7.1¢. Found: €, 58.91; H, 7.25

After treatment with water, 3h yielded 6, 7T-dihydro-4-hydrozycyclopentalb]lpyran-2(5H) -
one {(#h) 1in almest quantitative yleld; mp 188-18G % (from methanel) (1).1'..,15 mp 187-

0
189 €.

— 917 —



ACENOWLEDGEMENT

We ackKnowiedge financial support from C. N.R. (Rome).

REFERENCES

1. H. Adityachaudhury and A.K. Das, J Sci. Ind FRes., 1979, 38, 265.

2, J, Staunton, "Comprehensive Organic Chemistry", Pergamon Press, Oxford, 1979, 4,
629.

3. J. JakKupevic, J. Kuhnke, A. Schuster, M. A Matwally, and F. Bohlmann, Phytochem-
istry, 1986, 2%, 1133,

4, J M. Gardner, Y. Kono, H.J., Tatum, Y. 8uzukKi, and S. TaKeuchl, Fhytochemistry,
1985, 24, 2861,

5. E. Suzuki, B. Katsuragawa, and 8. Inoue, J Cchem Res. Synop., 19382, 224,

6. P. Patel and G, Pattenden, Tetrahedron Lett,, 1985, 26, 4789

7. W.C, Groutas, M. A. Stanga, M. J. Brubaker, T.L. Huang, K. Mei, and R, T. Carroll,
J. Med, Chem , 1985, 28, 1108

8, A, Guiotto, P. Rodighiero, P. Manzini, G. Pastorini, F. Bordin, F, Baccichettl
F. Carlassare, D. Vedaldi, F, Dall”Acqua, M. Tamaro, G Recchla, and M. Cristo-
folini, J. HMed. Chem , 1984, 27, 959.

9. D.T. wWitiaK, 5.K., Kim, A. K. Tehim, K. D. Sternitzke, R. L. McCreery, s. U, Kim,
D.R. Feller, XK.J. Romstedt, V.S. Kamanna, and H. A. I. Newman, J Med Chem, 1968,
31, 1437,

10. D.R. BucKle, D.J. Outred, H. Smith, and B.A, Spicer, J Med Chem , 1984, 27,
1452,

11, J.E. Hoc¢hlowski and D. J. FaulKner, 7Tetrahedron Letters, 1683, 2%, 1917

12, 8. Y. Hsu, Kue Li Chung-Ku¢ I Yao Chin So Yen Chin FPao Kao, 1982, 131, (Chem.
Abstr., 1983, 98, 48731r).

13. G. Kong, Zhongcaoyao, 1984, 15, 112, (Chem Abst., 1984, 100, 180061K).

14, F. Effenberger and K.H Schonwalder, Chem FBer., 1984, 117, 3270 and references
cited therein.

15. F, Effenberger, T. Ziegler, K.H Shonwalder, T. KesmarszKy, and B. Bauer, chem
Ber., 1986, 119, 3394 and references clied therein.

16, F. Effenberger and T, Ziegler, Chem Fer., 1987, 120, 133% and references cited
theretin.

17. T, Ziegler, M. Layh, and F. Effenberger, Chem PFer., 1987, 120, 1347 and refer-

— 918 —




18.

20,

21.

22,

23.

HETEROCYCLES, Vol 29, No. 5, 1989

ences cited therein.

L. Bonsignore, S. Cabiddu, G. Loy, and D. Secci, Heterocycles, 1987, 26, 1615
and references cited therein.

L. Bonsignore, G. Loy, M. Sec¢el, S. Cariddu, and G. Gelll, J Chem Soc., Per-
Kin Trans. II, 1988, 1247, and references cited therein.

H. G, House, L. J. Czuba, M. Gall, and H. D, Olmstead, J. Org Chem , 1969, 34,
c3cd,

L. Crombie, P. A, Gilbert, and R. P. Houghten, J Chem Soc. (C), 1968, 130,
T.H. Harris, C.M. Harris, and M. P. wWachter, Tetrahedron 1968, 24, 6897.

A, Gorgues, Bull, Soc. Cchim Fr., 1973, t2G3.

Received, 19th December, 1983

— 919 —



