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Abetract: The conversion of y-substituted enol ethera to conjugated cyclo- 
propyl ketones which are part of the skeleton of pleummutilin ie described. 
The nucleophilic opening of the cyclopropane ring ia shown to prooeed in a 
highly etereoapedflc manner. The cyclopropane bond which is deaved 
(C -C ) ia the one exh@itlpg the maximum overlap with the a-orbital of the 
cf&Liil group. Thin reizction offers a convenient method for the stereospe- 
dflc introduction of en ‘equatorial fluorine at C8. 

The cytochrome-dependent metabolism of antibacterial active pleuromutilin derivatives leads 

mainly to products which are hydrorylated in the 26- or 8a-position, respectively’. These pro- 

duct8 are alpmet devoid of biological activity. Enhanoed Stability against metabolic degradation 

could be &&xl by introduction of deuterium or fluorine at theee po&ione’. In this paper we 

are reporting -on the introduction of fluorine at the 86-poeition by stereospecific ring opening of 

a cyclopropane intermediate. 
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Starting from the 8u-hydroxymutilin 1 rhioh ia readily available I- fenaentation sources3 the 

dlyl-ptiected enol ethers 3.4 were obtained in a six-step eyntheeie (~~~-_E,$)4 -- 
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Since it is well known that methylsulfonate eater of y-ketoalcohola are converted on basic 

treatment to cyclopropane derivatives 5,8 , we f%rst trfed to esterlfy the ES-OH-group of 3 with 

CH3SO8Cl in dry pyridine, This reaction afforded directly the cyclopropylketone 1 without any 

trifling amount of the expected intermediate 2. Froa~ a study of modela this result appeared rea- 

sonable since the position of the n-orbital of 2 is extremely favourable for au immediately fol- 

h%+ing displacement reaction. If, however the reactton is carried out with the 8,14-dthydroxy 

compound 4 under equal conditions the cyclopropylketones B and 2 are obtained depending on 

which aulfonate is formed prfmarily. According to these results evidence is given that both cen- 

tree of the tricyclic skeleton C8 and C14. are equally well accessible by the n-orbital at CI. On 

the contrary there is obviously no eychzation found on reacting the AB-ds fused y-keto alcohol 

E under the above mentioned conditions. The required electrons for the displacement reaction 

at C8 are not available in this case, since they are positioned at the very opposite aide at Cd. 

hc 

3 R=Ac 

4 R=H 

10 

he- GOGH, 

X a Si(CH3);, (t-C,Hs) 

11 

The cyclopropylketone- 7.. gave .upon reaction with Olab’s HPpyridina~~ complex the 8-P 

fluorocompound as a single product in reasonable yield. The high apedfldty of this reaction can 

be rationalized by Considering the eyclopropyl bond overlap with the n-aystem of the carbonyl 

group. Usually the course of such reactions is controlled by that bond of,tp cyelopropane 

moiety which better overlaps the n-system of the adjacent unsaturated centre ' . Owing to the 

geometry of our strained system, the Cg -C bond does not overlap to any great extent with the 8 

n-system, whereas the Cd-C8 bond ia that placed to permit excellent overlap. 
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In- thie uontext it ie worth mentfoning that the 8-thioxo groug exhibits come kind of leaving 

group pruperMee. The reacHon of the 8-thioxF*mal ether with Reney-niukel aiiorded an elhnina- 

tion product whidh wee proved to be identical with the cyclopropylketone 1. 
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E3gure I. Reection of r with CN2SO2Cl in d8-pyrfdtne at 25oC: ooaqxMt$on 
of the mixture.at.‘differenr tSme8: A (0) = S. B <I) = 7, C (A) = 5, The 

symbols corr@spond to date obtained by ‘R-NMR analye& 

The solution of g!bnd Cti3SOi$X in d5-pyridine was kept at 25’ and the reeetidn progress ex- 
e&i&d peAodi&$& ‘by ‘?I-M¶R apectroecopy. The changes #n concentWion rot the individual 

sped* with: tWw gave e plot typ%eal.. &r eyeteme invdlving the tran&ht ~forraatton of an 
fntermediete @f&sve 13. The 6ppeerence OS sign&~ for Eis*preceded by a trima!tmt formation of 

B slgmu at 4-U q&m (dd. J7,8 = 8G Br J,,8 = 19 He). This ei*el has beeti aeeig%ed to the 
8a-H of-the e-pound 5. WI&oh is a Wown by-pmduct emong reactjone. lpith CR,S02Cl. 
There ie no SfgnaJ however rhich OVUM W.aseigned to the 8a-H of the tneeylete z$ Thus evi- 



765 H. Baanaa et al. 

dence ie given that the intramolecular ring closure (6 _-cl, ie autch faster than the preceding 
formation of the meeylate Q--s>. The appearanca of the chlomcompound 5 indicates comparable 

reaction rates for both etepa the chlorination (i-+2) and the ring closure (z ‘1). Thin dlf- 
ferent 

group 

behavlour of the cNorocompound is due to the fact that Cl- is a leas effective leaving 

then CH3SO2 . 
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Ngure 2. Second-order kinetics of the reaction of i(A) with CH2S02C1 (Ml 

in d5-pyridine at 25OC. 

According to the plot in Figure 2 the reaction 1 -c6 -7 exhibits second order kinetics with _ _ 

mesylation a8 the rate determining etep followed by a rapid non rate determining intramolecular 

ring closure leading to 7. The values of the different rate constants were calculated and the 

results are summarized in Figure 2. 

EXPERIMENTAL 

Melting points were determined using a Kofler apparatus and are uncorrected. Infrared spectra 

were recorded on a Perkin Elmer 421 spectrometer. Electron impact mass spectra were obtained 
on a CH-7 Varian-MAT spectrometer. ‘II and 13 C NMR spectra, were recorded on a Bruker 
WH-90 DS and WM 250 epectrometer. Chemical ehlfte are quoted in parta per million downfield 
from TMS. The 13C NMR spectra were recorded at 62.90 MHz; the accumulation of the FID-eig- 
nals wan performed with a 32 K memory, 30’ pulses and ,a eweepwidth of 16000 Hz were used. 

The following abbrevlatione are ueed: a = singlet, d = doublet, dd * doubled doublet, ddd = 

twice doubled doublet, dt = doubled triplet, br = broad. bllcroanalyees were carried out by Dr. 
J. Zack of the Mikroanalytisches Inetitut of the University of Vienna. The analytical date are in 

accordance (0.4% C ,H ,O) with the required values and are not given separately. Chnwato- 

graphy refers to medium preesure column chromatography uming silica gel (0.05-0.2 mm Merck) 

and Merck columns of Type A. B and C. Yields are always based on reacted material. 
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3,6-Bis-(~~xy)-4~thy1-12~x~2,4,7,11-tetramethy1-7,5~th~1,8-p~~f6.1~0~~ 

nane (7) -_ 
a) A solut&en of 0.1 mi (1.52 mmol) CH3S02Cl in 2 ml CH2C12 was added at 26OC to a so- 

luttun of 126 tag (0 28 rmaol) 2 in 5 ml ppribine. After 1 h the reaction mixture was 

pm@ad intu a snspenaton of 0.1 n HCI and ethyl acetate. The organic layer was sepa- 

rated, drted over aedium eulphate and evaporated to gtve 118 mg of a meh afl. The 

product was purIfled by chromatography (silica gel, 15:l toluenelethyl acetate) to give 

1 as a colourless oil (SO mg. 84.2 %) which crystallized from acetone hexane, m.p. 105- 

106OC. 

bl A slurry of 40 mg 2 and 250 mg Raney-Nickel in 5 mI CH30H was vfg~~uely stirred 

for 24 b at 25OC. The reaction mixture was then diluted with CH30H, filtered and 

evaporated. Chromatography on siRea geY eluting with 20# ethyl acetate in hexane gave 

16 q g (55%) 1. +I NMR (CDC13) 5.23 (dd, H14, Jl4 l3 = 4.3 Hz, J14 13, = 3 Ha), 1.70 

(dd* H13’ J13.13’ = 16.5 Hz), 1.56 (dd, Hl3,), 4.8i (d, HII. Jlo 1; = 8.5 Hz), 2.57 

(m* H1O’ J10,17 = 7 Hzf, 2.03 (dd, H8, J,,* = 7.6 Ha, a;,,, = 5,5*He), 1.33 (dt, H,,, 

67.7' = 13 Hz). 1.98 fm, H,, J6 ,, = 12.5 Ha), 2.22 (m, H6, J6,, = 6.5 Hz), 2.1 fe, 

CH3CO), 1.98 (s, CH3CO), i.58 fs, (CH,,,,,, 0.78 (6, (CH3)18)’ 8.95 (d, 

(CH3)17J17, 10 = 7.5 Hz), 0.73 (d, (CH3)16, J16 6 = 7.5 Hz); IR (CHC13) 1925, 1700, 

1650, 1468, 1370, 1020, 970; MS (m/e, %) 404 &+, 4.3), 362 (1.5), 344 (8.7), 284 

(11.61, 189 (62.6), 43, 160); UV (CH30H) 240.5 nm ( = 437). 

Kinetic measurements: A solution of 16 mg (106 mmol/~) 12. (A) and 8.5 ~1 (283 mmolll) 

CH3S02Cl 06) in 8.3 ml d5-pyridine was kept at 25OC and the reaction p-s exam- 

ined perIodicaRy by ‘H NMR spectroscopy (Ngure 1). The reaction was followed to 95% 

conversion. The values of the rate constants k, kl, k2, kg were calculated from the 

slope of the functions log A(M-XQ/M(A-Xt) <Figure 21, B and C (Figure 1) versus 

time. For the osculation of k3 was used the steady state consideration - dCldt = dCldt 

at ~n~utration * (Figure 1) as well. 

A-Acetoxy-5-ethyl+-hydroxy-3,5 ,8,11-tatramethy1-2,8-p~p~~y~o~5.1e Q) 

3-Acetoxy-6-hyd~xy-4-ethyl-l2-oxo-2,4,7 ,ll-tetramethyP7,9-ethano-1,8-prapsnobicyclo- 

Ib.l.Olnonane (s> 

A solution of 0.012 ml (0.15 mmol) CH3S02Cl in 1 ml CH2C12 was added to a solution of 

73 mg (0.15 mmol> f in 1 ml pyrkiine. After 3 min the reaction mixture was poured into a 

vigorously stirred suspension of 0.1 n HCI and ethyl acetate. The organic layer was sepa- 

rated, dried over sodium sulphate and evaporated to give 65 mg of a colourlese oil. Chro- 

matography on silica gel eiuting with 15% ethyl acetate in toluene gave 1 (35 mg, 64%) and 

5 (12 mg, 22%) as colourless oils which solidified after Borne time. c ‘H NMR (CDC1 ) 
12 

4.24 

(d* Hll'JlO,ll = 8.1 Hz), 3.85 (dd, Hgt J8 , = 3.5 Hz, J8 OH = 12 Hz). & H NMR 

CCDC13> 4.9 (d, HII, Jlo,ll = 8.7 Hz). 3.85 idd, H14, J13,14*= 4 Hz, J13,,14 = 2.5 Hz, 

‘14 ,OH = 7 Hz), 1.42 (dd, HIsI, 1.62 (d, H13), 2.3 (m, He, J6 7, = 10.5 Hz), 2.0 (dd, 

H8’ ‘7.8 = J7,6 = 7.3 Hz), 1.94 (dt, H,, J, ,, = 13 Hi), 1.25 irn, lH, H,, J,, 8 = 3.5 

Ha), 8.84 (0, WH3)16), 1.48 (a, tCH3115), 0:92 (d, ‘CH3)1,’ Jlo 1, = 7.5 He). 6.54 (d, 

=N3)16’ ‘6.16 = 7.5 Ha). IR(KBr) 3540, 2950, 1725, 1686, 1460: 1370, 1240 cm”; MS 

(m/e, %I 362 fM, 3), 302 (14.5), 261 (20.7). 189 (93.51, 162 (100). 

ll,l4-Diacetoxy-3-oxo-8-methanesulfonyloxy-mutilan <II> 

The maaylation of g was perfora& (81% yield) according to the preparation of 1. ‘ii 

NMR (CDCl,) 6.64 (d, H14, J13,14’= 8.7 Ha), 5.0 <d, Hll, Jlo,ll = 6.6 Ha), 4.86 (dd, 

‘8, ‘7.8 = 12.5 Ha, J,,,* * 5 Ht), 3.28 (a, CH3S02), 1.88, 1.96 (s,s, 2 x CH300); 
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ll,14-Diacetoxy-3-oro_8-fluoro-mutllan (2) 

0.6 ml of Olah’s HP-pyridine complex in pyrldine wae added to a solution of 60 mg (0.15 

mmol) 1 in 5 ml CH2C12. The reactlon odxture was kept 24 h at 25’ and then pou& into a 

saturated solution of sodium hydrogencarbonate. After extraction with CH2C12 the organic 

layer ~88 dried over eodium sulphate and evaporated to give 85 mg of crude product. 

Chromatography on s&a gel eluting with 10% ethyl acetate in hexane gave 12 (15 q g, 40%) 

and 35 mg unreacted starting material 1. ‘?I NMR (CDC13) 5.62 (d, H14 $3 14 = 7.5 Hz), 

2.84 (d, Hll, Jlo,ll = 7.5 HZ). 4.25 (ddd, H8, JHF = 45 HZ, J7 8 = ii HZ. J , - 

5 Hz), 2.78 (q, 1H. HlO, J10,17 = 7.5 Hz), 1.44 (8, (CH3)15), i.0, 2.09 fa.aT ‘: i 

CH3CO). - IR (KBr) 2960, 1725, 1240 cm-‘. 

11,14-Diacetory-3-(t-butyl-dimethyl-sfly(3) (fi> 

A solution of 10.7 g (20 q mol) ketone E4 and 4.45 g (11 q moI) LawB8son’a -gent’ in 

200 ml dry toluene was heated under reflux for 24 h. allowed to cool and poured into 

brine. The reeulting suepension was extracted several times into ethyl acetate, the 

extracts combined, dried over &urn eulphate and evaporated to give a deeply coloured 

mixture of starting material and thioketone !. Chromatography on gflica gel, eluting with 

15% ethyl acetate in hexane gave 14 as a purple coloured oil (5g, 57%) and starting 

material 13 (1.8 g). - 14:lH NMR(CDCL$ 5.82 (d, H14. J14 13 = 7.5 Hz), 4.78 (d, Hll, 

Jl0.11 = 5.4 Hz), 3.21, 3.09 (ABX-system. H7,H7,, J7 7, = i5.5 Hz, J7 6 = 3.1 Hz, J7,,6 

= 14.6 Hz), 1.49 (a, (CH3)15), 0.18, 0.24 (a,~, &I,),), 0.96 (8. ii C(CH ) ). (0.78 

(6, (CH3)18), 2.02, 2.05 (a,~, 2 x CH3CO). 3-! - IR (CHC13) 2950, 1725, 1640 cm . - MS 

(m/e, %) 550 (M, 31.6). 491 (6.7). 431 (2.1). 375 (1.52). 309 (42.6). 73 (100). 

Table 1. Carbon It-aheadcal ehifta in ppm with respect to Me4Si, solvent b CDC13. 

Compd.No. C3 C4 C6 C7 C8 c1o cl1 Cl3 c14 c15 ‘16 Cl7 ‘18 

7 211.6 57.8 56.9 29.9 42.7 31.8 80.8 43.0 67.7 16.6 12.5 14.7 25.8 

12 215.3 58.7 35.8 32.9 94.0 33.2 78.0 41.2 67.5 16.1 13.8 13.3 25.6 

(8)b (11) (18) 188) 

14a 214.9 61.7 40.7 56.3 260.0 36.0 77.1 41.2 67.7 14.3 15.7 13.6 25.4 

ga 211.7 58.3 56.4 30.2 42.3’ 31.9 80.7 44.8 66.3 16.0 14.7 14.5 26.2 

a Assignments were made by a PI)-shift correIation between 13C and H. 

b Values in brackets are C-F couplings in Hz. 

c ‘Jc8 = 168 Hz. 
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