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Chemical Properties of &Triketones: 
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Swnmary,- The structural revision of the product of the tandem aldol- Swem oxidation process 
to @-triketones is reposed. Further oxidaGon of products leading to the cornzponding diketones 
(ex* 4,5) was observed. The. properties of the p-triketone are also described. 

@Triketones of the general form 1, are fundamentai intermediates in polypropionate biosyntheses. Although 

much efforts have been done on B-diketones such as 2, relatively fewer reports app&red about j3-triketone 

syntheses.* WC have come to be interns& in efficient preparation of 1. the key intermediate for our biomimetic 

synthesis of b~lo~~iy active ~pymne c~~n~g-na~ pr0ducts.z 
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Recently Albizati et nl. reported the preparation of @-triketones via their tandem aldol protocol (Fig. 1, route 

a).3 However, our synthetic @riketone 3 prepared by acylation of the &diietone (route b), was different from 

the product (4) they postulated as 3. Particularly, the mass spectrum of 4 revealed its m/z 254 as the highest peak, 

whereas that of 3 agreed with its molecular weight (m/z 256). Their assignment of the peak at m/z 254 as (M+- 

2) seemed to be questionable from our experience on etriketone synthesis. We report herein structural revision 

of the products obtained by the tandem atdo1 - Swem oxidation pmcess. 
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Fig.1 Synthesis of the &-trike&me (3) and its cyclization products 

4581 



4582 

Compound 4 prepared acunding to the Albizati’s procedure, provided superimposable specttal data with those 

described in the literature.3 The detailed examinations of 1H and *SC NMR technique (NOESY. COLOC, 

DEPTJ suggested that 4 has the closely related structure with 5, W4 which we had reported as the oxidation 

product of the cornzsponding ktriketone. Most importantly, NOE was observed between the two isopropyl 

groups of 4, and this information strongly supported the cyclic diietone structure as shown in Fig. 2. 
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Fig. 2 Comparison of 111 NMR chemical shiti for compound (4) and (S) 

It is likely that the etriketone fotmed in the Albizati’s protocol, reacted further with the excess Swem nagent 

to give 4. In order to confirm this hypothesis, compound 3 was tnated under Swem conditions (I.5 oq. (COClh. 

3eq. DMSO, then EQN at -65 “c), and indeed expected 4 w8s obtained in 76% yield (Fig. 1). 

The @triketone (3) itself, after silica gel ch~ma~~phy, was obtained as a pale yellow oil. In positive and 

negative FABMS specaa, peaks appeared at mlz 257 @I+11 and 255 (M-l). respectively. The tH and 13C! NMR 

spectra exhibited to be consisted of a mixtum of tautometic isomers, and precise assignment of each structum was 

unsuccessful. The IR spectrum (film} showed three characteristic absorption bands at 1735 (br.), 1662 and 1620 

cm-l. These spectral @es wete consistent with those of the other btriketones that had been synthesized by 

us. Although a purity at this stage was not clear, eaiketone 3 could be converted to ppy~~ne 6 in 72% yiel@ 

(PPb3-cc4 / TlW, room temp.). 

Fortunately, crystallization of 3 from pentane - CHCl3 gave COlOrleSs crystals. The disappearance of the 

absorption band at 1735 cm-1 in IR spectrum (KBr) indicated no isolated ketones existed in the crystals, and the 

X-ray c~st~lo~8phy proved that 3 only existed as the hemiacetal form (7). 8s can be seen in Fig. 3. The 

hydroxyl group and hydrogen at the adjacent carbon took ~~-~lationship.6 A stability of 7 in CDC13 from -50 

up to 25 *C was indicated by no observation of signals ascribed to other isomers in the 1H NMR spectrum. 

However, over 50 “C or after the addition of DC1 at 25 “c, the equilibrium with acyclic isomers occurred slowly 

(Fig. 4). The signals appeared around 4 ppm (marked with *) were attributable to a methine proton of acyclic 
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Fig. 5 1El NMR spectra (270 MHz, CDC13) of 7 at relevant temperatures 

We also prepared triketone 8 by route b (acylation). starting from Z-methyl-1-phenyl-13-pcntantdiom (67% 

yield). Albizati et al. described that 8 was obtained as a ~bromatog~phically separable mixture of keto, 

monoenol, and die& forms.* The synthesized 8 via acylation, showed same signals as those of the Albizati’s 

keto form in *H NMR spectrum.Ta To confirm the triketone structure, 8 synthesized was transformed to r 

pyrone 9 in 61% yield, coupled with 19% of unreacted 8.m 

In our experiments via route a (the tan&m aldol process), only a complex mixture including 8 was obtained. 

Unfortunately the compounds which Albimti postulated as monoenol and dienol form could not be isolated, but 

judging &rn tF& sported analytical data,% they might be overoxidized praiucts. 

In conclusion, 1) depending on reaction conditions or substrates employed, Albixati’s procedure provided 

diverse product distribution and/or cyclic diketones by over-oxidation. 2) Contrary to the Albizati’s description, 

P_triketones were oWtitted as a cltromatographically inseparable mixture of both tautomeric and hemiacetal 

isomers. Ctystallii hemiacetal7 obtained, exhibited no equilibrium to its epimer or acyclic isomers, at least, 

under neutral conditions at ambient temmtnre. 
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3: tautomeric mixture; IR (film) 3440,1735 (br.), 1662.1620.1465 cm-*. 5: HREIMS m/z (obs.) 

196.1103 (M*), talc. for CllHt603 196.1099 ; IR (film) 1730.1693,1625 cm-*; 1H NMR (CDCl3) 6 

1.01 (3H, t, J = 7.1 Hz), 1.30 (3H, t, J = 7.8 Hz), 1.58 (3H, s), 1.68 (3H, s), 2.30 (lH, dq, J = l&8,7.1 Hz), 

2.64 (2H, complex), 2.71(lH, m); 13C NMR (CDCl3) 6 5.8,7.2,10.4, 19.8,22.3,30.1,93.9, 108.6,lS9.0, 

199.7,202.0. 6: HREKMS m/z (obs.) 208.1473 (M+), talc. for Ct3H2t@ 208.1463; IR (film) 1655,161O 

cm-t; &I NMR (CDC13) 6 1.23 (12H. d, J = 6.9 Hz), 1.96 (6H, s), 3.13 [2H, complex); I3C NMR 

(CDC13) 6 9.2, 19.8,30.1,116.6,166.5,180.2. 7: m-p. 67 - 68 “C; IR (KBr) 3380.3300, 1640, 1608, 

15 lo(w), 1465 cm-t. 

Albizati et af. &s&bed a brief ~ument on the masons why no ~pyrone was dine&y obtained by the 

tandem akIo1 pmcess.3 They only considemd maction ~rn~~~e and reaction period. We must point 

out that the reaction should be carried out wirhow Et3N at around -20 “C! , in order to get mytones with 

(CCC&-DMSO system, 

It is worth noticing that this stereo-relationship is unfavorabIe for usual anti-dehydration to y-pyrones. 

This obsetvation is of interest in connection with the formation of ypyrones by our protocol. Detailed 

elaboration of the mechanism is in progress, and would be published elsewhere. 

a) Small amounts of isomer were observed in tH NMR spectrum. Characteristic signals of the isomer wets 

at 6 1.42 (d, J = 6.93 Hz), 7.17 (d, J = 3.63 Hz) and 7.31 (br. d, J = 4.29 Hz). 

b) 9: HREIMS m/z (obs.) 266.094 (M+). caic. for C17Hl403 266.0941; IR (film) 1645, 1605 cm-l; *H 

NMR (CDCl3) 6 2.13 (3H, s). 2.34 (3H,s), 6.57 (lH, dd, J = 1.653.30 Hz), 6.92 (lH, d, J = 3.30Hz). 7.50 

(3H, complex), 7.61 (2H, complex), 7.62 (lH, overlapped with the peak at 7.61); 13C NMR (CDC13) 

S 10.0, 11.7, 111.7, 113.4, 117.7, 119.4, 128.4, 128.81, 129.97, 133.1, 114.5, 147.3, 150.9, 159.4, 180.5. 

c) The tiz’s of these two isomers were reported two mass units lower than molecular weight (M.W. 284). 

Also, they did not have characteristic absorption bands of enol hydroxyl group in the IR spectra. 

CRYSTALLOGRAPHIC DATA, Ct3Hzfl3, MW 226.3, monoclinic, P2l/c, a = 8.353(2), b = 9.345(2), c 
!% I7.759(2) A, p = 101.4-4(1)~, v = 1358.7(4) A3, Z= 4, L(Mo Ka) = 0.71073 A, w = 0.072 mm-l, Dx = 

1.11 Mg m-3. The X-ray intensities up to 28 = 500 were measured on a Rigaku AFC-5 four-&de 

diffiactiometer with White-mon~~mati~d MO I& radiation. Non-hydrogen atoms wem rel%ed with 

anisotropic thermal parameters. Final R is 0.051 for 1633 reflections. Tables of atomic parameters, bond 

lengths and bond angles have been deposited with the Cambridge ~s~Ilo~phic Data Center. 
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