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Abstract: A stable sulfone derivative of 2,4,6-trimethylcyclohexa-2,4-diene-1-one (7) undergoes facile
ring cleavage under visible light to produce a ketene intermediate, which could be efficiently
captured by amines to give amides even in the presence of competing nucleophiles such as water
and ethanol. © 1999 Elsevier Science Ltd. All rights reserved.

We previously reported the synthesis of several water soluble cyclohexa-2,4-dienones of type 1
and their cleavage to form cis-ketenes by photolysis using a conventional mercury lamp. A coupling
reaction between the cis-ketens (2) and various amino-acids and dipeptides (glycine, glycyl-glycine,
glycyl-L-leucine) showed the noticeably higher affinity of the amino function for the cis-ketene than
that of the solvent water.' The mechanistic aspects of the dienone cleavage reaction have already
been well studied.” Thus, nucleophilic trapping of 2 to give 3 could be carried out in an aqueous
environment without a serious concern of water trapping the ketene species. In view of the
sensitivity of certain chromophores in peptides (or in DNA) to UV light irradiation, it was also an
important prerequisite to show that visible light could be used instead for the cleavage of the
dienones of type 1.
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In our most recent investigations4, we showed that a series of & ,w-diamines would furnish
either mono- or bis-derivatives by sequential trapping of the cis-ketene 2. In the previous studies we
used cis-ketenes where R,=CH,-SCH; for the synthetic convenience. However, such dienones (1)
were rather sensitive to acid and, without precautions, readily returned to the aromatic state’  In
fact, even upon chromatography over silica gel, compound 6 was converted to 5 in high yield. It
was reasoned that the stability problem of (6) might be overcome by oxidation to the corresponding
sulfones (1, R,=CH;SO.CHz).

Toward this goal, we have now examined the reactivity of the cyclohexa-2,4-dienone sulfone
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derivative (7). Reaction of mesitol 5 with Me;S / N-chlorosuccinimide yielded 6,° which upon
oxidant with m-chloroperbenzoic acid provided either, the sulfone 7 or the sulfoxide 8 dependining
on the amount of the oxidation used (Scheme 1). The dienone 7 is a viscous oil and stable in the
absence of light. It could be obtained in high purity by silica gel column chromatography
(Rf=0.37;100% Et;0) with no sign of decomposition.
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Table 1. Photolytic Reaction of 7 in the Presence of EtOH, H,O, THF and Piperidine

0 o o]
visible % OFt H"Ct:’i( HaC NC>
_"}i‘_t_. N THS0CH SN CHzSOCHs Iy N~ CHzS02CHs
s?:)%vgnt CHz CHy CH; CHy CHy CHy
9; Rf=0.68(100% Et,0)  10; Rf=0.27(100% Et,0) 11; Rf= 0.21(100% Et,0)

Entry Solvent mL (mmol) Piperidine | Reaction | npoior Product
EOH | H,0 | THF | EL,0 | (Equiv. _?i':;e Yield (%)
L l26an 0 0 0 0 4 9 (45%)
2 1170|1555 | o0 0 0 7 9:10 (34% : 35%)
3 0 1555 (1323 o 0 7 10 (12%)
4 1234D] o 0 0 1.2 (0.4) 7 11 (75%)
5 1ol 16555 ] o 0 1.2 (04) 7 11 (66%)
6 0 0 [2046] o 1.22(0.3) 7 11 (68%)
7 o |1655 (12| o 1.2°(0.4) 7 11 (46%)
8 0 0 0 l2q9.n| 1203 2 11 (97%)

#Based on one equivalent of 7.
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Table 2. Photolytic Reactions of Dienone 7 in an Excess of Various Amines at 38-40°C

o (o]
H
HsC CHa visible light  °C R
CH,S0,CH, 38°C > NN CH2S0,CH,
excess amines
CHa 7 diethyl ether® CHy CH3 44 17
b Reaction Products
Entry Amines Time Yield"
RE | No. R ield
i (hr) ° (%)
1 Piperidine 2 0.21¢ 1 N ) 97
2 Pyrrolidine 2 0.22° 12 Ni] 67
N\
Morpholi N O
3 rpnoline 2 0.25° 13 Y 65
4 H,NCH,CH,0H 2.5 0.14f 14 NHCH,CH,OH 56
5 NH2CH2CH2NH2 5 0.118 15 NHCHchzNHz 67
6 | NH,CH,CH,CH,NH, 5 0.108 | 16 | NHCHCH,CH;NH; g¢
7 HzNCH2CH(OCH3)2 5 0.1 4d 17 ]‘iNCHzCH(OCH:;)z 78

aDiethyl ether was purified by standard methods. ®Amines were purchased from Aldrich and used without
further purification. °TLC plates were made of E. Merck AG Darmstadt Silica gel 60 F254. 9100% Et,0
€1% MeOH/99% E1,0, 5% MeOH/95% Et,0, £30% MeOH/70% ethylacetate. "Yield of isolated product.

Next, we examined the photolysis reaction of 7 in the various solvent such as EtOH, H,O, THF
and Et;0. The results are summarized in Table 1. When absolute ethanol was used, ester 9 and
unreacted starting material was isolated as 45:55. When 7 (18.5 mg, 81.1 mmol) was photolyzed in
EtOH and H,O mixture (1:1), 10 mg (36.5 mmol, 45%) of 9 and 6.8 mg (27.6 mmol, 34%) of 10
were isolated. Addition of THF instead of EtOH to H,O gave more carboxylic acid derivative, 10
(72%) and only a trace of the starting material (Entry 3). We did not carry out the photolysis in
pure H;O because of a solubility problem. Addition of 1.2 equiv. of piperidine to the solution of 7
in EtOH, THF, H;O or Et;0 gave exclusively the amide product, 11. The ketene intermediate is
apparently captured by the amine much faster than water of ethanol. The yield could be maximized
when the reaction was carried out in the Et;O solution (Entry 8). The photolysis reaction of sulfone
7 in Et;0 was then examined in detail in the presence of various amines. The results summarized
in Table 2 indicate that the sulfone-containing cyclohexadienone 7 readily generates the ketene
intermediate, which can efficiently capture the amine functionality, as the sulfide-containing analog 6
did. Currently we are preparing symmetric difunctional molecules (4) in which two units of the
photo active cyclohexa-2,4-dienone derivatives are linked with a varying length of carbon tethers and
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exploring the ring cleavage reaction with various amines as a potential geometric probe for
biologically important molecules.

Synthesis of cyclohexa-2,4-dien-1-one (7). To a solution of 6 (0.98 g, 5.10 mmol) in CH,Cl, at
0'C was added m-chloroperbenzoic acid dissolved in CH.Cl,. The solution was stirred for 4hr and
washed with aqueous NaHCO;. The organic phase was dried (MgSQ,) and evaporated in vacuwo to
afford a crude product, which was purified by flash chromatography to give 7 (0.91 g, 3.98 mmol,
79%) as a viscous oil. 'H NMR(CDCl3); 66.78(1H, s), 6.11(1H, s), 3.98(1H, d, J=13.68Hz),
323(1H, d, J=1431Hz), 281(3H, S, CH;), 1.97G3H, s, CH:), 1.95(3H, s, CH;), 1.21(3H, s, CHs)
ppm. HRMS: m/z Caled for CiHis05S; [M+H]'=229.0898/Found 229.0897.

A vpical experimental procedure for the photolysis of 7. Light from a tungsten lamp (220W)
was employed to irradiate the dienone solution 7 (90 mg, 0.39 mmole; 1 equivalent) in 3 mL of
freshly distilled diethyl ether in the presence of aminoacetaldehyde dimethyl acetal (49 mg, 0.47
mmole; 1.2 equivalent). The solution was irradiated at a distance of 2 c¢m and the temperature was
kept below 38T by external water cooling. Progress of the reactions was monitored by TLC.
After Shr, the volatiles were removed in vacuo and the crude product was diluted with 20 mL of
CH:Cl; and washed with water (2 X 10 mL). The organic phase was dried (MgSO,), filtered and
evaporated. The residue was subjected to flash chromatography (MeOH:Et;0=1:99) on silica gel to
give 17 as an oil. 'H NMR(CDCly), 8 6.26(1H, NH, broad s), 6.06(1H, s), 5.34(1H, d, J=9.81
Hz), 437(1H, t, J=5.46Hz), 3.74(2H, CH,S, s), 3.34(3H, OCH,, s), 3.33(3H, OCHj, s), 3.32-3.33(3H,
m), 3.01(3H, SO,CH;, s), 1.76(3H, s), 1.15(3H, CH;CH, d, J=6.90 Hz) ppm. HRMS: m/z Calcd for
C1sH»NOsS;[M+H] =334.1688/Found 334.1702.

Acknowledgment.  This work has been supported by the Non Directed Research Fund, Korea
Research Foundation (1997).

References

1. Barton, D. H. R; Kwon, T. W, Taylor, D. K.; Tajbakhsh, M, Bioorg. & Med. Chem. 1995,
Vol 3, No 1, 79-84.

2. (a) Barton, D. H. R, Quinkert, G, Proc. Chem. Soc. 1958, 197-198. (b) Barton, D. H R
Quinkert, G., J. Chem. Soc. 1960, 1. (c) Collins, P. M.; Hart, H, J Am. Chem. Soc. C. 1967,
1197 and references cited therein. (d) Griffith, J.; Hart, H., J. Am. Chem. Soc. 1968, 90, 5296.
(e) Hart, H;, Waring, A. J., Tetrahedron Letr. 1965, 5, 325. (f) Hart, H.; Collins, P, M
Waring, A. J, J. Am. Chem. Soc. 1966, 88, 1005. (g) Morrs, M. R Waring, A. J, J Chem.
Soc. C. 1971, 3266. (h) Waring, A. J; Morris, M. R; Islam, M. M., J Chem. Soc. C. 1971,
3274. (i) Quinkert, G., Angew. Chem. Int. Ed Engl 1975, 14, 790-802.

3. Barton, D. H. R; Chung, S. K; Kwon, T. W., Tetrahedron Letters, Vol. 37, No. 21,
3631-3634, 1996.

4. Barton, D. H R; Chung, S. K;; Kim, Y. M, Kwon, T. W, Bicorg. & Med. Chem. Leit.,
1997, Vol. 7, No. 6, 733-738.

Topgi, R. S., J Org. Chem., 1989, 54, 6125.
Katayama, S.; Watanabe, T., Yamauchi, M., Chem. Pharm. Bull. 1993, 41, 439 and references
cited therein.



