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was brought to pH 9 and carefully maintained at this value by 
addition of 3 N aqueous sodium hydroxide." After 90 min (60 
min for D-glllC~~e),~~ the pH was carefully raised to 7 by addition 
of 3 N HCl (typically only 2-4 mL were necessary), and the 
solvenb were eliminated under reduced pressure. Azeotropic 
removal of pyridine with toluene (3 X 200 mL) gave a semisolid 
that was triturated with absolute ethanol and filtered through 
florisil (2OO-meah size from Aldrich Chemical Co.), typically a pad 
-14 cm wide and 5 cm deep. Impurities, which show up as a 
brown residue, were not allowed to penetrate through the pad. 
Washing with ethanol was continued until the filtrate was free 
of sugar derivatives (TLC, -2 L EtOH). Rotary evaporation of 
the solvent afforded the desired crude l,&anhydro sugars 3a and 
3b, which were dried under high vacuum and derivatized to the 
crystalline derivatives 4 and 5, respectively. 

1,6-Anhydro-2,3-isopropylidene-fi-~-mannopyranoae (4). 
1,6-Anhydro-@-~-mannopyranose (3a), obtained as described 
above, was treated with acetone (reagent grade, 800 mL) and 
stirred with heating until only a free-flowing solid remained (-30 
min). Dimethoxypropane (300 mL) and p-toluenesulfonic acid 
(5 g) were added, and the mixture was stirred until no mannosan 
3a was detected by TLC. After basification with triethylamine 
(pH 8) and filtration to remove the white solid, the solvents were 
rotary evaporated, and the residue was taken in ethyl acetate and 
filtered through florisil. Removal of the solvents under reduced 
pressure afforded the crude acetonide 4, which was recrystallized 
from ethyl acetate as clear needles (32 g, 29% from la, Rf (80% 
EtOAcIhexane) = 0.48); mp 157 "C (lit.11b mp 161-162 "C). Anal. 
Calcd for C9Hi4O5: C, 53.46; H, 6.98. Found C, 53.59; H, 7.16. 
2,3,4-Tri-0-acetyl-l,6-anhydro-fi-~-glucopyranose (5). To 

the crude 1,6-anhydro-~-~-glucopyranose (3b), obtained as de- 
scribed above, were added acetic anhydride (314 mL, 3.3 mol, 2 
equiv), (Nfl-dimethy1amino)pyridme (6.80 g, 56 mmol, 0.1 equiv), 
and ethyl acetate (300 mL), and the mixture was stirred until no 
3b was detected by TLC. The reaction mixture was quenched 
with ethanol (125 mL) and treated with solid sodium bicarbonate 
until COz evolution ceased (additional ethyl acetate ( - 1 L) was 
added to facilitate stirring). Filtration through florisil and 
evaporation of the solvents under reduced pressure gave crude 
triacetate 5, which was crystallized from methyl tert-butyl ether 
(24 g, 15%, Rt (40% acetonelhexane) = 0.37). Concentration of 
the mother liquors and column chromatography on silica gel 
(eluent: 60% diethyl ether-hexanes), followed by recrystallization, 
afforded another 15 g of 5, raising the yield to 24%: mp 106 "C 
(lit.lo mp 108-109 "C). 

Registry No. 3a, 14168-65-1; 3b, 498-07-7; 4, 14440-51-8; 5, 
13242-55-2; D-mannose, 3458-28-4; D-glUCOSe, 50-99-7. 

(14) During this process the reaction color changes from pale yellow 
to deep yellow, at which stage a white precipitate begins to form. Further 
addition of sodium hydroxide causes the precipitate to redissolve, with 
development of a deep red color. This color formation was found to be 
indicative of a pH of 9. 

(15) At this point the main product by TLC ie the 1,6-anhydro sugar 
3a or 3 b  R, (3a, 20% MeOH/CH2CIz) = 0.38; Rf (3b, 20% MeOH/ 
CHzCIZ) = 0.43. 
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fungus Phoma lingum Tode lies in the diene system. 
Hence the partial synthesis of this unit containing the 
diene system was undertaken, hoping to establish a general 
method for such diene fragments. 

The photochemical cleavage of cyclohexa-2,4-dien-l-onea 
is well e~tablished.~ Based on the same principle Scheme 
I was considered. 

Hydroxymethylation of 2,6-dimethylphenol 1 to give 
phenol 2 can be easily accomplished by formaldehyde and 
base.4 However further hydroxymethylation leading to 
the cyclohexadienone 4 is not known. Our efforts in using 
tert-butyl alcohol-potassium tert-butylate as the medium, 
chloromethyl methyl ether as a hydroxymethyl equivalent, 
and phenol 3 as a substrate led to the formation of cy- 
clohexadienone 6 in trace quantities. However, when this 
method was applied to phenol 2, formation of cyclo- 
hexadienone 4 was not observed. 

Alkali metal phenolates are known to give ethers when 
treated with chloromethyl methyl ether.5 In aryl meta- 
lation studies the methoxymethyl group allows regiospe- 
cific aryl metalation and subsequent reaction with a variety 
of electrophiles in good yields.6 Coordinative and in- 
ductive effects are operative in ortho-lithiation of alkylaryl 
ethers.' This indicates the methoxymethyl group's ability 
to bind alkali metals and ita pronounced binding capability 
toward lithium. Takiig into consideration of these facts, 
when lithium phenolate 3 was treated with chloromethyl 
methyl ether, cyclohexadienone 6 was obtained in 65% 
yield. Similarly when the same phenolate 3 was treated 
with chloromethyl benzyl ether, the cyclohexadienone 7 
was obtained in 75% yield. When the above method was 
applied to the lithium salt of phenol 2 using chloromethyl 
benzyl ether, cyclohexadienone 8 was obtained in 66% 
yield (see Table I). 

Furthermore, the advantage of lithium as an efficient 
phenolate counter cation and its enhanced ability to com- 
plex with the methoxymethyl group as well as the (ben- 

(1) Devys, M.; Ferezou, J.-P.; Topgi, R S.; Barbier, M.; Bosquet, J.-F.; 
Kollmann, A. J. Chem. SOC., Perkin Tram. 1 1984, 2133. 

(2) Devys, M.; Topgi, R. S.; Ferezou, J.-F.; Quaino, L.; Boequet, J.-F.; 
Kollmann, A.; Barbier, M. Phytochemistry 1986, 25, 531. 

(3) (a) Barton, D. H. R.; Quinkert, G. J. Chem. SOC. 1960, 1. (b) 
Qumkert, G., Angew. Chem., Znt. Ed. Engl. 1975,14,790. (c) Quinkert, 
G.; Bilhardt, U. M.; Paulus, E. F.; Bats, J. W.; Feuss, H. Angew. Chem. 
1984, 96(6), 432. 

(4) Barbier, M.; Barton, D. H. R.; Devys, M.; Topgi, R. S. Tetrahedron 
1987,43,5031. 

( 5 )  Greene, T. W. Protective Groups in Organic Synthesis; John 
Wiley: New York, 1981. 

(6) Townsend, C. A.; Davis, S. G.; Christensen, S. B.; Link, J. C.; Lewis, 
C. P. J.  Am. Chem. SOC. 1981,103, 6885. 

(7) Gschwend, H. W.; Rodriguez, H. R. Org. React. 1979, 26, 1. 
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Table I. Conversion of Phenols to Cyclohexa-2,4-dien-l-ones 
OH 0 

A A 

substrate 
comDd DhenolR X R' Droduct yield," % 

1 H  0 CH3 13 65 
H 0 CHZCeH6 14 70 
H 0 CH2CHZOCH3 15 80 
H 0 CHZCH2Si(CH& 16 85 
H S CHq 17 95 
H s CSH6 

2 CHzOH 0 CH2CBH6 
3 CH, 0 CH, 

18 85 
8 66 
6 65 

CH, 0 C - - -  
CH3 S CH; 
CH3 S CBH, 

CH, 0 CH;CeH6 7 75 
CH, 0 CHzCHzOCHS 19 85 

:H,CH,Si(CH,), 20 85 
21 95 
22 85 

Based on the conversion of the starting phenol. 

zy1oxy)methyl group, so as to  direct these groups to  the 
ortho-position leading to  cyclohexa-2,4-dien-l-one, was 
studied with phenol 1. In these cases the yields of cyclo- 
hexadienones 13 and 14 were 65% and 70%, respectively. 
In general ortho-alkylation is preferred over para-alkyla- 
tion. However, cyclohexa-2,5-dien-l-ones are isolated in 
higher yields than cyclohexa-2,4-dien-l-ones, indicating 
that cyclohexa-2,4-dien-l-ones are less stable than cyclo- 
hexa-2,5-dien-l-one~.~ But in our method, no formation 
of cyclohexa-2,5-dien-l-ones were observed. The yields of 
cyclohexa-2,4-dien-l-ones, on the other hand, are good to 
acceptable. These results support our views regarding the 
role of lithium and the complexing ability of methoxy- 
(benzy1oxy)methyl group. 

Alkali metal cation and phenoxide are present in ion 
pairs. The role of cation as a binder to  oxygen of the 
methyleneoxy group allows one to suppose the transition 
state as represented in Figure 1, predicting the possible 
reaction path via a quasi six-membered ring transition 
state.8 

Accordingly, when (2-methoxyethoxy)methyl chloride 
(MEM chloride), where the oxygen a to the chloromethyl 
group is available for the complexation, was reacted with 
lithium phenolates of 1 and 3, cyclohexadienones 15 and 
19 were obtained in 80% and 85% yields, respectively. 
Similarly when [2-(trimethylsilyl)ethoxy]methyl chloride 
(SEM chloride) was used in place of MEM chloride, the 
corresponding cyclohexadienones 16 and 20 were obtained 
in 85% yield from lithium phenolates 1 and 3, respectively. 
[ (Methylthio)methyl]cyclohexadienones are useful organic 
intermediates, and many methods are available for their 
s y n t h e s i ~ . ~ J ~  The present novel cyclohexadienone syn- 
thetic methodology was extended to their synthesis, where 
the lithium cation will play the same role with phenoxide 
anion, and the sulfur atom of the (methy1thio)methyl 
group will exhibit complexation capability analogous to 
that of the oxygen atom. Thus, when lithium phenolates 
1 and 3 were treated with chloromethyl methyl sulfide, 
cyclohexadienones 17 and 21 were obtained in 95% yield, 
respectively. 

(8) Warina, A. J. In Advances in Alicyclic Chemistry; Academic Press: 
New York, 1366; Vol. 1, p 131. 

(9) Burdon, M. G.; Moffat, J. G. J.  Am. Chem. SOC. 1967, 89, 4725. 
(10) Dussena. A.; Marchelli, R.: Casnati. G. J.  Chem. Soc., Perkin 

Cyclohexadienones are known to rearrange under dif- 
ferent conditions." Cyclohexadienone 21 was observed 
to rearrange in agreement with Moffatt e t  aL9 However, 
cyclohexadienone 22 is more stable than cyclohexadienone 
21 to silica gel purification. Apparantly these cyclo- 
hexadienones were very sensitive to acidic conditions and 
were unstable under these conditions. For these reasons 
the yields were based on 'H NMR spectroscopy. In CDC13 
or methanol certain cyclohexadienones showed dimeriza- 
tion. Carbon tetrachloride was found to be a more suitable 
solvent. Reverse-phase chromatographic purification 
proved to be the method of choice. 

The cyclohexadienones 6 and 7 were irradiated with a 
medium-pressure UV lamp in the presence of morpholine 
for 4 h. The quantitative cleavage led to  the formation 
of dienes 9 and 10, respectively. Similarly the photo- 
cleavage of cyclohexadienone 8 led to the formation of two 
diene isomem 11 and 12, which possibly represent the diene 
system in phomenoic acid and phomenolactone (Figure 2). 

This novel cyclohexadienone synthetic principle can 
further be extended to the synthesis of o-methoxyalkyl- 
(aryl), o-(methylthio)methyl(alkyl/aryl), and related simple 
phenols. After we completed this work, introduction of 
functionalized alkyl groups into the ortho position of 
phenols has been published.I2 

Experimental Section 
Chloromethyl methyl ether, benzyl chloromethyl ether, and 

chloromethyl methyl sulfide were distilled just before use. The 
handling of these carcinogens were done under a well-ventilated 
hood, and all the precautions were taken to avoid the inhalation 
of the vapors. Other reagents were used as received from the 
commercial suppliers. All solvents were dried by standard pro- 
cedures. Thin-layer chromatography was performed on Merck 
silica gel plates (60 F-254) or Whatman KC-18-F plates. HPLC 
was effectuated on a Perkin-Elmer Series-:! liquid chromatograph. 
Various columns were used (1) Whatman Partisil M9 10/50 
ODS-2,500 mm X 9.4 mm; (2) Whatman Partisil 10-C8 M9,500 
mm X 9.4 mm. (3) Chrompack LiChrosorb Si-60-10,250 mm X 
9 mm; (4) Chrompack LiChrosorb 10 RP-18,250 mm X 9 mm; 
70 eV E.I. mass spectra were recorded on either an AEI-MS9 or 
an AEI-MS5O apparatus. Infrared spectra were recorded with 
either a Perkin-Elmer 297 or 257 spectrophotometer. Ultraviolet 
spectra were recorded on Jobin-Yvon type Duospac 203 or Per- 
kin-Elmer Lambda 5 UV/vis spectrophotometer. 'H NMR 
spectra were recorded at 60 MHz with either a Varian T-60 or 
EM-360 spectrometer; 200- and 40@MHz spectra were obtained 
with a Bruker WM 200 spectrometer and a Bruker WM 400 
spectrometer, respectively. Chemical shifts are in ppm downfield 
from tetramethylsilane. 

General Procedure for the Cyclohexadienone Synthesis. 
The phenol (5 mmol) was dissolved in 25 mL of solvent under 
an inert atmosphere and cooled in ice water bath. Through a 
syringe was added 1.6 N n-butyllithium solution in hexane (5.5 
mmol), and the mixture was allowed to warm the room tem- 
perature gradually. After 1 h of stirring at room temperature, 
the phenolate solution was cooled in ice water bath. Chloromethyl 
reagent (6.0 mmol) was added dropwise. The temperature of the 
reaction mixture was allowed to warm to room temperature very 
slowly. After the reaction mixture was stirred at room temperature 
for 2-4 h, ice-cold water was added to the reaction mixture, and 
the mixture was extracted with ethyl acetate. The combined 
organic phases were washed with water, dried (NazS04), and 
concentrated in vacuo. Column chromatography and HPLC were 
used for the isolation and purification of the cyclohexadienone. 
In most cases solvents such as pentane, hexane, benzene, and 
toluene were used satisfactorily. 

(11) Miller, B. In Mechanism of Molecular Migrations; Thygarajan, 

(12) Inoue, S.; Ikeda, H.; Sato, S.; Horie, K.; Ota, T.; Miyamoto, 0.; 
B. S., Ed.; John Wiley & Sons, Inc.: New York, 1968; p 247. 

Sato, K. J .  Org. Chem. 1987,52, 5495. Trans. 1 1983, 1,  1141. 
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Figure 1. 

2,4,6-Trimethylcyclohexa-2,4-dien-l-one (6). Cyclo- 
hexadienone 6 was obtained as per the general procedure from 
2,4,64rimethylphenol and chloromethyl methyl ether. The 
concentrate was applied on C18 reverse-phase column. By use 
of a gradient of methanol in water, cyclohexadienone was obtained 
as a colorless liquid 65% yield; R 0.88 (Cl8 reverse-phase; 
MeOH-H20, 9010); lH NMR (CDCi,, 200 MHz) 6 1.12 (s ,3  H, 
CH3), 1.92 (s, 3 H, CH3), 1.99 (8, 3 H, CH3), 3.29 (s, 3 H, OCH,), 
3.33-3.68 (d, 2 H, system AB, JAB = 9 Hz, CH2), 6.03 (s, 1 H), 
6.82 (8, 1 H); UV X (CCl,) 315 nm (3436); IR (neat) 2850, 1660 
cm-l; MS m/z 180 (M+, 87), 148 (loo), 135 (M+ - CH20CH,, 25). 
Anal. Calcd for CllHI6O2: C, 73.30; H, 8.95. Found: C, 73.54; 
H, 9.07. 

General Procedure for the Photochemical Cleavage of the 
Cyclohexa-2,4-dienones. The cyclohexa-2,4-dien-l-one (0.2 
mmol) dissolved in dry ether (20 mL) was placed in a Pyrex tube. 
Morpholine (500 pL) was added. Oxygen from the reaction 
mixture was expelled by bubbling an inert gas. Then the reaction 
tube was irradiated with UV lamp (Hanovia, medium-pressure, 
100 W). The reaction was followed by either UV absorption 
measurements or TLC. After complete consumption of the 
starting material, which required nearly 4 h, solvent and the 
morpholine were removed under reduced pressure, and the con- 
centrate was subjected to flash chromatography. 

Photochemical Cleavage of 2,4,6-Trimethylcyclohexa- 
2,4-dien-l-one (6). Cyclohexadienone 6 was subjected to pho- 
tochemical cleavage as per the general procedure. After 4-h 
irradiation, complete consumption of the starting material and 
appearance of single reaction product were observed. The usual 
workup afforded diene 9 as a colorless liquid in quantitative yield 
Rf0.22 (ethyl acetatehexane, 5050); IH NMR (CDC13, 200 MHz) 
6 1.17 (d, 3 H, J = 7 Hz, 10-CH,), 1.67 (s, 3 H, 8-CH3), 1.82 (s, 
3 H, 9-CH3), 3.2-3.8 (m, 8 H, morpholine), 3.37 (s ,3  H, OCH,), 
3.40 (dq, 1 H, J = 10 and 7 Hz, 2-H), 3.88 (s, 2 H, CH20), 5.40 
(d, 1 H, J = 10 Hz, 3-H), 5.93 (8, H, 5-H); UV h (MeOH) 206 nm 
(20482); IR (neat) 2850,1655,1440,1200-1000 cm-'; MS m/z  268 

(48). 
((M + l)', 39), 253 (9), 237 ((M + 1)' - OCHB, 9), 121 (loo), 114 
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The antibiotic ravidomycin was isolated from Strepto- 
myces ravidus' and shown to have structure 1 by Findlay 
and his collaborators.2 Its aglycone unit is identical with 
that of the related antibiotics chrysomycin V3 (albacarcin 
V,4 virenomycin V6) and toromycin6 (gilvocarin V7). 

5 1' 

1 

Ravidomycin shows significant antitumor activity 
against P388 lymphocytic leukemia and colon 38 and 
CD8Fl mammary tumors in mice.l The vinyl group ap- 
pears to be essential for effective antitumor activity. Thus 
gilvocarcin V, like ravidomycin, shows significant antitu- 
mor activity in P388 lymphocytic le~kemia,87~ but gilvo- 
carcin M, in which the vinyl group is replaced by a methyl 
group, is significantly less active in this system. Similarly, 
dihydroravidomycin is less effective against P388 than is 
ravidomycin, although the difference in this case seems to 
be associated with increased toxicity of the dihydro an- 
tibiotic a t  higher doses in this assay.1° Interestingly, it 
has been shown that gilvocarcin V is activated by low doses 
of visible light to induce bacteriophage X in Escherichia 
coli, while gilvocarcin M fails to show this activation even 
though it has a similar absorption spectrum." These 
results thus suggest that the vinyl group of antibiotics of 
the ravidomycin/ toromycin/gilvocarcin type is essential 
for effective antitumor activity. 

(1) Sehgal, S. N.; Czerkawski, H.; Kudelski, A.; Pander, K.; Saucier, 

(2) Findlay, J. A.; Liu, J.-S.; Radics, L.; Rakhit, S. Can. J. Chem. 1981, 
R.; VBzina, C. J. Antibiot. 1983, 36, 355. 

59, 3018. 
(3) Weiss, U.; Yoshihiva, K.; Highet, R. J.; White, R. J.; Wei, T. T. J. 

Antibiot. 1982, 35, 1194. 
(4) Matson, J. A,; Myllymaki, R. W.; Doyle, T. W.; Bush, J. A. US. 

Patent 4,461,831,1984; Chem. Abstr. 1985,102, P4456a. 
(5) Brazhnikova, M. G.; Kudinova, M. K.; Kulyaeva, V. V.; Potapova, 

N. P.; Rubasheva, L. M.; Rozynov, B. V.; Horvath, G. Antibiotiki 
(Moscow) 1984,29, 884. 

Pharm. Bull. 1980,28, 3601. 
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