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ABSTRACT - Wheroaa from phenols are rapidly oxidisod by ruthenium totroxido with 

fragmentation, the arcmatic nuclei of their 0-trifluoroacotates are unaffected by the 

reagent in dry conditions. This has led to a nuthod for the controlled oxidation of 

functionalised phenols which is demonstrated hero by the selective cleavage of 

hydroxyarylalkones, coumarins and l runatic storoidal l lkenos. 

INTRODUCTION 

The applications of this powerful reagent are limited by ito lack of specificity and 

arcmatic nuclei with electron-donating substituents are rapidly and completely degraded by it. 

Methods for the l elactive oxidation of complex phenol6 are desirable both as an aid to the 

determination of new otructures and also to the modification of kncwn ccnpounda which are 

pharmacologically active. The recent literature shcws2 that there is considerable activity 

in both these areas of research. 

In the one recorded instance’ of protection of a phenol fran the action of the tetroxide 

by acetylation the A ring of estradiol diacetate (9; X=Ac; 17o(-Ii, 17S-OAc for keto) l urvived in 

the minor product, to give 9K-hydroxy-6-oxoestradiol diacetate. The major product was still the 

dicarboxylic acid (11; H, AcO for keto) obtained by cleavage of ring A and we therefore felt that 

our purpose would be better served if trifluoroacetates were used. A cmaiderablo increase in the 

oxidation potential of 0-trifluoroacotates is expected in view of the pooitive Hawnett constants 

observed’ in the trifluoroacotylaminobonzoic acids. This is illustrated by the successful 

trapping of monohydric phenols as their trifluoroacotates when l rcvnatic hydrocarbons and ketones 

are subjectodE to electrolytic hydroxylaticn. The action of the tetroxide resembles rloctro- 

synthesis in that both proceed through an intermediate radical cation. 

A nutir of simple trial oxidations show that in the readily propared trifluoroacetates 

the arunatic nucleus was effectively protected. Thus when phenol reacted with a deficit of the 

tetroxido at 20°C all the oxidant was consumed within one minute, whilst under c-arable 

conditions sane oxidant survived after five hours contact with phenyl trifluoroacetate. In a 

related experiment 4-biphenyl trifluoroacotato (1, X=CFa.CO, Schm A) was traated with 

ruthenium tetroxide (6 oxygen equivalents) when 35X of the starting material was recovered 

together with 55% of acidic products. Aftor rse!oval of the prottiting group cunparative If? 
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spectroaccpy and papor chromatographye~’ shawd that the mixture ccntained only 4-hydroxy- 

bonzoic and bonzoic acids in a molar ratio of 9:l. Acotylation alao divortod tha oxidation 

tavrrda survival of the phenolic ring in 4-•cotoxybiphenyl, but this was leas marked l inco the 

ratio of 4-hydroxybenzoio:benroic acid in the product was reduced to 3:l. Evidently the 

trifluoroacetyl group afforda considerably more protecticn than does acotyl, both in directing 

attack to the oxygen-free ring and 8loo in l nauring the survival of its cleavage product (2. 

X=CFaCO, Schm A) and indirectly the phonolic product (3). 

RESULTS 

Phonolic l lkonoe were atudiod initially becauao the totroxide is a 6uporior roagont to 

others in cawecn use for the oxidation of mcnofuncticnal l lkenoa. Althargh alkonoo are attacked 

by cation* dorivod from the hotorolyais of unaynamtrical l cyl trifluoroecotatoae, thie 

cleavage ia precluded in the aynnntrical trifluoroacotic anhydrido. Thin reagent can thorofore bo 

used in l xceaa for the rolectivo 0-trifluoroacotylaticn of phonolic l lkone mcdols, which may then 

be oxidised in carbon totrachlorido aolution without furthor manipulation. If the alkone ie 

l specially sensitive to acid-catalyaio then the liberated trifluoroaccetic acid may be neutralieed 

by the addition of pyridinoe. Isoougonol (4) was taken as typical of the naturally occurring 

propenylphenola and it MS convortod into the 0-trifluoroacotate in almost quantitative yield. In 

the IH-NMR spectrum of this derivative the three aranatic protons were deshielded by about 

0.2 ppm ccmpared with those in the epectrum of the parent phenol; this provided further ovidonce 

of the deactivating powor of the trifluoroacetate group and abaorpticn typical of allylic and 

vinylic protons shaved that the alkeno function was retained. 

Oxidation of isoeugenyl trifluoroacetate by ruthenium totroxide in carbon tetrachloride 

solution wao complete within five minutoc 8nd afforded v8nillin (16X) and a further useful yield 

of vanillic acid (57%) by the alkaline extraction of precipitated ruthenium dioxide. 

The stilboestrol l nalogue, 4,4’-dihydroxyatilbene (51, was oxidised without isolation of 

the bie-trifluoroacetate, to afford 4-hydroxyacetcphenone (6) in an overall yield of 62%. The 

l eccnd stage of this trifluoro8cetylrticn is more difficult than the first, as the remaining 

ccnjugated hydroxyl group is a weak nucleophile; more forcing conditions are therefore needed to 

l nauro ito complete protection. In a similar one-pot synthesis umbellifercne (7) was converted 

into 2,4_dihydroxybenzoic acid (8) in 81% yield. 

Derivatives of l atrone were used to demcnstrato the selective oxidation of runotely placed 

alkene groups. In th+ protection of l strone both the phenol and the l nol form were trifluoro- 

acotylatod to give a mixture of (9, X+CFKO, Scheme B) and the bis-derivative (IO, X-CFJCO), 

which was characterized in the IR spectrum by absorption at 1740 cmS1 (ketone C=O), by a broad 

band at 1790-1800 cm-’ arising IQ from the trifluoroacetate group6 and by peake at 

1690 cm-l (en01 C=C) and 700 cm-l (vinyl Cl+). We have found no record of the formation 

of en01 trifluoroacetatea from ketone. in trifluoroacetic anhydride, although l ndroat-4-ene- 

3,17-dione afforda the mono-•nolete at C3 cn,treatment with heptafluorcbutyric anhydridelL. 

17-Oxoatoroide l re known’* to react with l ilylating l gente to form trimethyloilyl l there. 

When 8 oolution of the mixed l atrcqe derivative8 in carbon totrachloride was ehaken with cold 
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watar, the en01 trifluoroacetate was preferentially and canpletoly hydrolyaed: the paaka at 

700 cm-1 due to the vinyl grcup were discharged, the ketone carbcnyl absorption was enhanced 

and the eater carbonyl raaolvod aa a sharp singlet at 1800 cm-‘. Estrcne trifluoroacatate ma 

obtained frun the organic layer in 78% yield and was recovered unchanged after traatmont with 

ruthenium tatroxide, in favourable contrast to tha behavioura of eatradiol diacetato 

mentioned above. This result showad that the estrone nucleus was a suitable vehicle for the 

l ynthaaia of model phenolic alkenea. 

The pregnonol [(Z)-norpregna-1,3,5(10),17(20)-tetraen-3-01 (12. X=H)], was obtained (75% 

yield) by the Wittig procedure using a modification of the rrathod of Krubiner and Olivetoia. 

This geometry in tha product ia consistent with reaction under kinetic control, in which the 

aolvated ‘ylide attacks the o(-face. to give an intsrmediata betaine (13) whara the bulky 

phoaphonium group has the minimal interaction with the StSrOid akelatoni’. The norpregna- 

tetraen-3-01 (12, X:H) was converted into its 0-trifluoroacetate (12, X=CFICO, mp 700) 

in almost quantitative yield in the presence of pyridino and its solution in carbon tetrachloride 

was immediately treated with ruthenium tetroxide. The reaction was conolete within five minutes 

but time was allowed for the adsorption of acid fragments by coagulated ruthenium dioxide. This 

process was then essentially complete since the IR spectrum of the supernatant solution was 

identical with that of l strone trifluoroacetate, which was isolated and converted into eatrone (mp 

256O) in 59X yield with respect to the unprotected phenol (12, X-H). 

The tetrasubatitutod alkene (14, X=H) provided an exacting teat of the selective oxidation 

procedure. A sample was obtained by trifluoroacetylation of the (Z)-pregnenol (12, X-H) in the 

absence of pyridine, when exposure to trifluoroacetic acid induces a ch-1,2-shift of the 

18-methyl group to give the protected phenol (14, X=CFaCO). In (12) the roarrangarr-ant 

reduces ateric interactions of both methyl groups and is of a type ccawrm in steroid reactions 

which proceed through an incipient C-17 carbocationi’. 

The structural differences between the trifluorcacetates of the norprognenol (12) and its 

rearrangement product (14) were defined by differencea in their iH-NMR spectra. In the 

precursor (12) the vinyl proton appeared as a quartet (J-7 Hz) centred at S 5.15, with the allylic 

21-methyl group resonance a doublet (J-7 Hz) at S 1.69 and that of the l&methyl group a singlet 

at S 0.91. In the product (14) the vinylic ‘H-resonance waa lost, the 21-methyl signal 

occurred upfield at S 0.79 and tha migrated methyl group, now deahiolded relative to its original 

position, resonated aa a singlet at S 1.00. Huncnuclear decoupling at 6 0.79 showed that the 

21-methyl group was coupled to a methylene quartet (J=7 Hz, 20-Hz) cantred at S 1.35 and that it 

was l vidantly not l llylic. 

The trifluoroacetate of the highly hindered l lkone (14, X=CFaCO) was oxidised within 

five minutes by ruthenium tetroxide and afforded the aeco-diketono (15, X=CFaCO) in 67% 

yield. The absence of any vinylic raaonance in the NMR spectrum of (14) orof any aldehydic 

resonance in the spectrum of its oxidation product (15) confirmed that the former was a 

tatraaubatituted alkone. These characteristics and IR absorption typical of strain-free l liphatic 

cat-bony1 groups in the diketone (15) exclude ring B as a site for the cleaved double bond and bar 
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a location sxocyclic to ring B or ring D. The NFiyp spectrum of (15) included three rrcmatic 

protons deshiolded by the trifluorwcetoxy functicn: of six or seven protars in the range of E 

2.31-2.87 three must bo bonzylic, hence the others (3H or 4H) can only result from deshiolding by 

two carbonyl groups. The remaining carbonyl-doshielded reecnance (lH, b 3.15-3.48) was at the 

lowest field of this group consistent with the location of this proton at the bridgehead (C8). 

The breadth of the signal (33 Hz) correlates with two periplanar (Jna.n*, Jxs,nt) and 

cne smaller coupling (Jne.x~). 

CCNCLUSION 

The characterisation of the seco-diketone (15), and of estrone (9, XFH) from the action of 

ruthenium tetroxide on the trifluoroacetylated steroidal alkenes shows that skeletal oxygenation 

is restricted to the point of cleavage. The course of these reaction6 and those of the other 

protected hydroxyarylalkenes indicates that the procedure could be extended to the selective 

oxidation of other functional groups in canplex phenols. 

EXPERIMENTAL 

Uncorrected melting points were determined with a hot-stage microscope and are reported in 
degrees contigrrde. Infrared spectra were recorded with a Pye Unicam SP3-200 instrument and UV 
spectra were taken with a Unicem SP 800. lli-NFa spectra were obtained by Dr. R.D. Farrant 
using a Jeol FX-100 spectraneter and the mass spectra were taken by the Physico-Chemical 
Measurements Unit, Harwell and by the ULIRS at Queen Elizabeth College, London. HPLC was carried 
out using Spectra-Physics SP 8700 equipment. 

Preparation of 0-Trifluororcetatos; General Procedure: Each phenol (ca 20 -1) or phenolic 
steroid (2 nmol) was dissolved in carbon tetrachloride or chloroform with trifluoroacetic 
anhydride (ca fivefold excess) and the solution was left to stand overnight at ambient temperature 
to ensure ccmpletion. The 0-trifluoroacetates were purified by distillation or by 
recrystallisotion. When this derivative was extremely susceptible to hydrolysis the best overall 
yields were obtained with solvent-free crude material charcterised by IRio and 'H-NMR 
spectroscopy, followed by the full charrcterisation of the oxidation product. 

Phenvl Trifluoroacetatei6. 4Biphenyltrifluoroacetate" (1, X=CFaCO), 
4-Biphenvlacetatel' and Isoeugenyl Trifluororcetate's were obtained in good yield as 
described previously. 

Oxidation with Ruthenium Tetroxide: This followed previously published procedures*, and 
therefore only in the first following experiment is the oxidation described in detail. 

4-Biphenvl Trifluoroacetate (200 mg, 0.75 rmrol) in carbon tetrachloride (30 ml) was treated with 
a solution of ruthenium tetroxide (3 nmol) in carbon tetrachloride (10 ml), prepared from hydrated 
ruthenium dioxide (630 mg, 3 mnol) and aqueous sodium periodate (0.45M, 30 ml). The oxidation 
proceeded steadily until after 1 h no tetroxido remained. After coagulation of the ruthenium 
dioxide starting material (70 mg, 35%) was recovered frcm solution, whilst acidic products were 
obtained by extraction of the dioxide with hot aqueous sodium hydroxide (0.2M, 30 ml). The 
extract was l cidifigd (pIi=2) with hydrochloric acid (lM), centrifuged to remove a further quantity 
of ruthenium dioxide and extracted with ether (3 x 20 ml). Evaporation of the dry (MgSOe) 
organic layer afforded a mixture of acids (37 mg, 55X.allcwing recovery) whoso IR spectrum 
compared closely with that of a mixture of 4-hydroxybenzoic and benzoic acids in a molar ratio of 
9:l. 

4-Acetoxybiphenyl (210 mg, 1 mnol) on treatment with ruthenium tetroxide (5 -1) led to 
recovery of etsrting material (27 mg, 12%) and the isolation of 4-hydroxybentoic acid containing 
28 f 5X of benzoic acid, as shown by canparative IR spectroscopy. Quantitative paper 
chrcmatogra.phy*o of the product and of six mixtures containing a range of canpositions of the 
two pure canponents indicated that bonzoic acid forrmd 19 f 7X of the mixture. In this work 
ultraviolet detection was used in conjunction with a spray" containing brcmocrosol purple 
indicator. 

Isoeugenvl Trifluoroacetate (520 mg, 2 mnol) consumed the tetroxide (4 mnol) within 1 min to 
leave a residue in solution, which was treated with aqueous-methanolic sodium carbonate (1M in 
8 ml of mixed solvent) to remove the protecting group. Acidification gave crude material (59 mg) 
which was extrwted with petroleum ether (bp 60-80°) to give vanillin mp 770 (48 mg, 
16X), identical (mp, IR spectrum) with reference material. 

Precipitated ruthenium dioxide was extracted with alkali as above to give vanillic acid 
(192 mg, 57X), mp 211° (lit.21 2100). 
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4.4~Dihvdroxy-oC.B-dimethvlstilbene+ (178 mg, 0.75 mnol) was trifluoroacetylatod in boiling 
trifluoroacotic anhydrido for 2 h; the crude product in carbon totrachlorida (4 ml) wao troatod 
with ruthenium tetroxido (frcm the hydrated dioxide, 142 mg, 0.93 rweol) in carbon totrachlorido 
(4 ml). A dense precipitate of ruthenium dioxide was rapidly formod and any l xcesa of tetroxido was 
quanched after 20 mine by the addition of benzene (1 ml). The filtrate afforded a pa10 yollcw 
crystalline residue (219 mg) of the trifluoroacetylatod product, which on 8olvolyai8 in mthanol 
gave 4-hydroxvacetophenone (125 mg, 62%). Thia ma shan\ to be from frcm significant iaouriti.8 
by HPLC on a Nucleosil column (5pm spherical silica, 25 an x 5 n i.d.) by l lution with petroleum 
ether-ethyl acetate (60:40). On recryatalli8ation from bonzene/cyclohexane (1:l) the product had 
an IR spectrum and melting point (107-1090) identical with thoae of a referonce sample. 

7-Hvdroxvcoumarint (320 mg, 2 rwaol) was rofluxed with trifluoroacetic anhydride (4.2 ml, 
30 mnol) and the crude product in carbon tetrachloride (40 ml) was treated with ruthenium 
tetroxide (fran RuCla.3He0, 4 mnol), when ruthenium dioxide was inwwdiately precipitated. 
Filtration and evaporation of solvent afforded a small quantity (4 mg) of product. The major 
quantity of 2.4-dihydroxybentoic acid (272 mg) was determinad by HPLC (Hyporail 5 ODS, eluent 
30:70, MeOH:HeO) against a reference standard, after extraction of the precipitatad dioxida 
with hot ‘odium hydroxide (2 g in 10 ml of water). 

Trifluoroacetvlation of Estrone: Under the usual conditions thia canpound (0.54 g, 2 nwvol) gave 
a crvstallised (ootroloum ether. bb 40-60°) product which was l videntlv a mixture (665 ma) 
melting largely’between 95-70 and 103-56 l nd’with IR absorption characteristic of a -. 
mixture of the required canpound (9) and of the l nol trifluoroacetata (10, see above). Estrcna 
trifluoroacetate was obtained (75X, allowing recovery) by briefly shaking a carbon tetrachloride 
solution of the mixture with water, follmed by the immediate eaparaticn, drying (MgSO4) and 
evaporation of the organic layer. This material wee quite satisfactory for thr rubsoquent 
oxidation: its IR epoctrum was typical 10 but lacked absorption due to the enol darivative. 
The iH-NfrlR spectrum (CDCla) showed peaks at b 7.32 (d, J=E Hz. l-ArH), 6.95 (d, H-5 Hz, 
2-ArH), 6.91 (6, 4-ArH), 1.1-3.0 (steroid skeleton), 0.92 (a, 18-CHa). On e small scale 
eetrone trifluoroacetate was recrystallieed (petroleum other, bp 40-60°) to give material of 
mp 130-1330 with an IR spectrum identical with that obtained previously. 

~~~-NO~D~OM8-~.~.~~~~~.~~~~~~-~0~~~0~-~-0~ (12, X-H): This wse prepared fran l etrone (2.03 g, 
7.5 mnol) and ethyltriphenylphosphonium iodide (14.6 g, 35 rnaol) by the method of Krubniner and 
Olivetoi3. Crude product (4.2 g) could not be cryetallisod following the published 
chromatography procedures. The gum was therefore taken up on silica gel (Crosfield M60, 5 g) frcm 
solution in dichloromethane; elution (petroleum ether/ethyl ecetato 3:l) of this chargad material 
through a column of silica gel gave a solid (2.36 g, mp 125-130°. 85X yield) on trituration 
with petroleum ether (bp 60-8OO). Final recryetallieation (ethanol-water) afforded pure 
tetraen-3-01 (12) (1.58 g, 75X), mp 132-50 (lit.11 137-90). further characterieod 
by the IR epoctrum and by the iH-NMR absorption (t, CDCla) at 7.13 (d. J=8 Hz, l-H), 
6.53 (d, J=8 Hz, 2-H). 6.54 (6, 4-H), 4.52 (8, 3-OH), 3.0-1.0 (steroid akeleton) and as above. 

Trifluoroacetylation: The tatraen-3-01 (12, 560 mg, 2 mnol) was converted into the 
trifluorcecter. np 64-700, in 96X yield by the procedure used for isoeugenol. The IR 
spectrum (CC14) showed ve.x (cm-l) 2940 and 2570 (C-H); 1797 (GO); 1605, 1585 and 
1490 (aranatic C-C); 1380 (methyl); 1360 (ester C-O); 1230 (C-F eym stretch); 1160 and 1155 (C-F 
asym stretch); 1130 (Ph-0). iti-NMR absorption was at t 7.32 (d, J=8 Hz, l-H), 6.93 (d, J=8 HZ, 
2-H), 6.59 (8, 4-H), 5.15 (q, J=7 Hz, 20-H), 3.0-1.0 (steroid skeleton), 1.69 (d, J-7 Hz, 
21-HI), 0.91 (6, l&Ha). These characteristics showed that reaction was essentially 
complete and the next step was begun irwaediately. 

Oxidation: Crude trifluoroacetylated material (12, X=CFaCO) in carbon tetrachloride 
(20 ml) reacted carpletely with ruthenium tetroxide (3 rmnol in 30 ml of CC14) within 5 min. 
The IR spectrum of the filtrate closely resembled that previou‘ly recordrd for oetrono 
trifluoroacetate; the eolvont and washings of the precipitated dioxide were therefore evaporated 
and the solid residue eolvolysed in methanol (10 ml). The product in chloroform was finally 
washed with water to remove tracer of ruthenium-containing impurities and gave l atrone (320 mg, 
59X with respect to the unprotected phenol, (12) X=H), mp 256P (lit.e2 mp 256O) 
with typical IR absorption. 

17~-Methv1-18.19-dinor-17B(H)-preQna-1.3,5(10),13-tetr8en-3-v1 trifluoroacetate (14. X=CF3CO): 
The tetraen-3-01 (12. 564 ma. 2 mnol) was dissolved in carbon tetrachloride (10 ml) containing 
trifluoroacatic anhydride (i:5 ml, 11 meal) and left overnight at ambient t&era&e. Solvent 
and trifluoroacetic acid were removed by passage of nitrogen, brief evacuation with a water pump 
and re-evaporation of carbon tetrachloride (3 ml. dried by ignited M&04). This crude 
trifluoroacetate (706 mg. 93X) had mp 4-8O, its IR spectrum differed only in minor details 
from that of the iscmer (12, X=CFeCO); the NMR spectrum was also similar save for significant 
details discussed above. This substance was finally charecterieed by its eolvolyeie to give the 
parent alcohol (14, X-H). 

Solvolvsis: The trifluoroacetate (14, X=CFaCO, 270 mg, 0.7 mnol) was heated under reflux 
with methanol (5 ml) for 30 min. Evaporation of solvent and mathyl trifluoroacetate (bp 43O) 
afforded crystalline 17a-nwthv1-18.19-dinor-17~-preQno-1.3,5(10).13-t0tr8en-3-0~ (14, X=H), mP 

+Kindly donated by Professor D.N. Kirk from the collection of Mr. W. Lawscn, Middlesex 
Hospital Medical School. 
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138O (cyclohexano). The NF(P spectrum was similsr to that of ths trifluoroacstate but ths 
srunatic resonances wsre at higher field and an additional signal appeared at E 4.3 (3-OH). The 
mass spectrum showed ths rsquirsd molecular ion [m/s 282. CnoHnrO] with a fragnent ion st m/s 
253 (M'-Cans). 
Oxidation: The crude trifluoroacststs (14, X=CFaCO, from the precursor X=H, 188 mg, 0.66 
mnol) in carbon tetrachlorids (1 ml) reacted almoct irmeediately with ruthenium tetroxido (from 
118 mg of RuCe, 0.76 mnol). An excess of oxidant was destroyed by the addition of ether 
(1 ml) and the filtrats shaken brisfly with saturated sodium bicarbonate solution. Evaporaticn of 
the dry (MgE&) lsysr gave crude crystalline product (177 mg, 67% from (14), X=H) 
contaminated by colloidal ruthenium compounds. The inorganic impurities were removed from an aged 
(3 days) solution in cyclohexane by centrifugation, followsd by crystallisation of the organic 
product from the supernatant liquor. The pure trifluoroacetate of 3-hydroxy-17B-methvl- 
18.19-dinor-13.14-6~-17~-pregna-1,3.5(10)-triene-13.14-dione (15, X-CFJCO) hsd IT@ 110-113°, 
IR absorption (CClr) shcwed v q 4~ (cm-i) 1785 (ester C=O); 1695 (both ketone C=O) 
and other peaks typical lo of a trifluoroacetate. iH-Nm absorption (CDC13) was as 

given above together with S 1.10 (6, 17-Ha), 0.78 (t, J=7 Hz, 21-H*). Maes spectranetry 
gave a molecular ion of 410.1703 (CeiHssO4F3 requires 410.17050). 
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