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Synthesis of gem-Difluoro Derivatives of Natural Products by the 
Reaction of Ketones with Diethylaminosulphur Trifluoride 
By Keith Boulton and Brian E. Cross," Department of Organic Chemistry, The University, Lee& LS2 9JT 

The preparation of gem - d i f I u o ro c o m p o u n d s, i n c I u d i n g 1 2,12 - d i f 1 u o ro - o ct a d e c a no i c acid, 7.7 - d i f I u o ro h exa - 
decanoic acid, ent-7.7-difluorokauran-19-01 (8), and 2.2.7-trifluoro-1 Op-rnethoxycarbonyl-1 a.8-dimethylgibban- 
1 a.4aor-carbolactones (1 8) and (1 9). is described. Each synthesis involved fluorination of the appropriate ketone 
with diethylaminosulphur trifluoride, and the reaction conditions required varied from 6 h a t  0 "C for the gibberellin 
derivatives (1 4) and (1 5) to 7 d at 11 5 "C for methyl 12-oxo-octadecanoate. gem-Difluorides are usually stable 
to alkali, but in the fluorogibberellins (1 8) and (1 9) the 2.2-difluoro-groups were readily hydrolysed to the corres- 
ponding 2-ketones. 

DIETHYLAMINOSULPHUR TRIFLUORIDE (DAST) was intro- 
duced l y 2  for the conversion of ketones into gem-difluoro 
compounds. However its use has been limited to simple 
ketones and more recently to keto- and aldo-sugars.3 

With the objective of preparing gem-difluoro analogues 
of biologically important natural products some pre- 
liminary investigations of the reaction of DAST with 
polyfunctionalised ketones were made, but the results 
were unpromising. gem-Difluoro-f atty acids, which are 
structurally simpler than many other natural products 
and are important compounds for use in the study of the 
behaviour of lipid bilayers by 19F n.m.r. techniques,495 
constituted suitable model compounds. Hitherto their 
synthesis has been difficult; thus 7,7- and 12,12- 
difluoro-octadecanoic acids have been reported but not 
chara~terised,~ and no gem-difluorohexadecanoic acid 
has been prepared. 

RESULTS AND DISCUSSION 

Treatment of methyl 12-oxo-octadecanoate and 
methyl 7-oxohexadecanoate with DAST afforded the 
corresponding difluoro-esters in reasonable yield, but 
the reactions required much higher temperatures and 
longer reaction times than those used by Middleton 2 for 
low-molecular-weight ketones. The lH and 19F n.m.r. 
spectra of the crude difluoro-esters showed that they 
contained small amounts of the unsaturated fluoro- 
esters, e.g. (1). G.1.c. of the methyl difluoro-esters gave 
in each case two peaks of equal area believed to be due 
to the isomeric unsaturated esters, e.g. (1) and (2), 
formed by loss of hydrogen fluoride during chromato- 
graphy. The mass spectra of the difluoro-esters failed 
to show molecular ions, but contained strong ions at  
[M - 40]+, i.e. [M - 2HF].+ Alkaline hydrolysis of 
the methyl difluoro-esters gave 12,12-difluoro-octa- 
decanoic and 7,7-difluorohexadecanoic acids which are 
undergoing tests in model biological systems. 

CH,[CH2]4CH=CF[CH2]l,C02Me (1) 

CH,[CH2],CF=CH [CH,],CO,Me (2) 
Fluorinated ent-kaurene derivatives were required in 

connection with studies on inhibitors of the biosynthesis 
of gibberellins, but preliminary results suggested that 
terminal methylene groups in diterpenes were attacked 
by DAST.* This was confirmed when it was found that 

treatment of methyl 7-oxo-kaurenoate (3) with DAST 
in dichloromethane at  room temperature gave a gum 
showing many spots on t.1.c. and no olefinic proton 
signals in its n.m.r. spectrum. Consequently the 
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fluorination of some saturated keto-terpenoids has been 
examined. The model, cholestan-3-one, readily gave 
3,3-difluorocholestane lo under mild treatment with 
DAST. 

Hydrogenation of the terminal methylene group in the 
ketone (3) gave a mixture of the 16-epimers (4) ayd (5) 
which reacted slowly with DAST at 114 "C to give a 
mixture of the 7,7-difluoro-esters (6) and (7). Reduction 
of these esters with lithium aluminium hydride afforded 
a mixture of the difluoro-alcohols (8) and (9). 

In contrast to catalytic hydrogenation, di-imide 
reduction of 7 p-hydroxykaurenolide gave, as expected, 
the almost pure epimer (12) (cf. refs. 11-13), which on 
Jones oxidation afforded the pure keto-lactone (13) .g 

The latter was converted by the literature method into 
the keto-ester (4), which on treatment with DAST gave 
the 7,7-difluoro-ester (6). Oxidation of the derived 
alcohol (8) with Jones reagent afforded the difluoro-acid 
(lo), whilst the aldehyde (11) was obtained by oxidation 
of the alcohol (8) under Ratcliffe ~0nditions.l~ 

The compounds (8), (lo), and (11) are difluoro- 
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analogues of biosynthetic precursors l5 of the gibberel- 
lins. Ring contraction of the kaurene nucleus to form 
the gibbane ring system proceeds via hydroxylation l5 of 
the former at  position 7. Since this position is blocked 
by fluorine in the analogues they might act as inhibitors 
of gibberellin biosynthesis and their biological activity is 
under investigation. 

To examine the value of DAST for fluorinating more 
highly functionalised diterpenoids, the 8-epimeric mix- 
ture of gibberellin keto-esters l1 (14) and (15) was 
treated with the reagent. The reaction proceeded 
remarkably easily and was nearly complete after 6 h at 
0 "C. The 8-epimeric fluoro-ketones (16) and (17) were 
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isolated as the more polar products, whilst the faster- 
running band afforded the epimeric trifluoro-esters (18) 
and (19). In each case structures were assigned on the 
basis of lH and 19F n.m.r. spectroscopy16 (see Experi- 
mental section) ; a weak signal at  +* 113.29 indicated the 
presence of a small amount of the vinyl fluoride (22) in 
the trifluoro-esters. 

(22) 

gem-Difluoro-groups are generally thought to be stable 
to alkaline hydrolysis,17 although exceptions have been 

reported under prolonged treatment with base.l* The 
difluoro-groups in the 8-epimeric esters (18) and (19) 
were particularly unstable to hydrolysis, and with 
potassium hydroxide in aqueous tetrahydrofuran, the 
product was a gum which showed no I9F n.m.r. signals 
assignable to 2-fluorine atoms, but which contained the 
fluoro-ketones (20) and (21). Further work on the pre- 
paration of gem-difluorogibberellins is in hand. 

As expected, the hindered keto-group in methyl 
gibberate (23) reacted very slowly with DAST and 
>50% was recovered after fluorination at  114 "C for 
72 h. However, the 8,8-difluoro-ester (24) was isolated. 

The results described show that DAST is a convenient 
reagent for the conversion of keto-groups in complex 
molecules into the corresponding gem-difluoro groups. 
However the reaction conditions required varied greatly 

(23) R = 0 
(24) R = Fz 

from several days at  115 "C, for ketones as diverse as 
methyl 12-0x0-octadecanoate and methyl ent- ' l -OXO- 

kauran-19-oate (4), to 6 h at  0 "C for the gibberellin 
ketones (14) and (15). 

EXPERIMENTAL 

Details of chromatographic materials and conditions used 
for the determination of physical data, etc., have been 
reported.l9 G.1.c. was carried out on a Varian 1527B gas 
chromatograph with a stainless steel column (150 x 0.3 cm 
0.d.) packed with 50/6 SE30 on Anakrom and a nitrogen gas 
flow of 30 ml min-l). Light petroleum had b.p. 60-80 "C 
unless otherwise stated. 

Methyl 12,12-D~$uoro-octadecanoate.-Methyl 1 2-0x0- 
octadecanoate (500 mg) in dry carbon tetrachloride (10 ml) 
was treated with DAST (1.2 g) a t  115 "C in a stainless steel 
bomb for 7 d. (T.1.c. analysis of samples of the reaction 
mixture after 1, 2, 3, and 5 d showed the presence of keto- 
ester). Water was added, the organic layer was separated, 
and the aqueous layer was extracted with carbon tetra- 
chloride. The combined organic extracts were washed with 
water, dried over potassium carbonate, and evaporated in 
vacuo to give methyl 12,12-dzfluoro-octadecanoate (500 mg) 
(pure by t.1.c.) which sublimed a t  83 "C (bath temperature) 
and 5 x mmHg as a crystalline solid (Found: C, 68.4; 
H, 11.0; F ,  11.7. C,,H,,F,O, requires C, 68.2; H, 10.9; 
F, 11.4%); T 9.10 (3 H, t, 18-H,), 8.70br (28 H, 14 x CH,), 
7.68 (2 H,  t, J 7 Hz, 2-H,), 6.33 (3 H, s, OMe), and 5.56 
(m, Wt 55 Hz,  CH=CF, impurity < 5 % ) ;  +* 110.3br (m, 
CH=CF) and 97.8 (quintet, J 16 Hz,  12-F,) ; vmx. 1 747 cm-l. 
G.1.c. retention times (at a column temperature of 146 "C) 
were 50 and 56 min. 

12,12-Di~uoro-octadecanoic A cid.-The above ester (162 
mg) and potassium hydroxide (1 .1  g) in tetrahydrofuran 
(6 ml) and water (6 ml) were refluxed for 2 h. The solution 
was washed with chloroform and acidified with %-hydro- 
chloric acid. The product was recovered in chloroform, and 
purified by p.1.c. using benzene for development. The high 
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RF band gave 12,12-diifluoro-octa~anoic acid, which 
crystallised from light petroleum (b.p. 40-60 "C) as prisms 
or hexagons (52 mg), m.p. 71-72 "C (Found: C, 67.3; 
H,  10.35; F, 11.55. C,,H,4F,0, requires C, 67.5; H,  10.7; 
F, 11.9%); T 9.13 (3 H,  t ,  18-H3), 7.99br (Wi  12 Hz, 11- 
and 13-H,), and 7.65 (2  H,  t ,  J 7 Hz, 2-H,); vmax. 2 660br 
and 1 710 cm-l. 

7,7-Difluorohexadecanoic Acid.-Methyl 7-oxohexadeca- 
noate (139 mg) in dry carbon tetrachloride (5  ml) was 
treated with DAST (220 mg) at 108 "C in a bomb for 3 d.  
Recovery and purification (as above) gave methyl 7,7- 
difluorohexadecanoate as a gum (52 mg); T 9.10 (3 H, t, 
16-H3), 8.00br (s, 6- and S-H,), and 6.32 (3 H, s, OMe); 
$* 98.0 (quintet, J 16 Hz, 7-F,). The use of toluene as 
solvent gave black tarry products. 

The ester (50 mg) and potassium hydroxide (280 mg) in 
tetrahydrofuran (5  ml) and water (5  ml) were boiled under 
reflux for 2 h. Work-up as above afforded 7,7-difluoro- 
hexadecanoic acid (35 mg) which crystallised from light 
petroleum (b.p. 40-60 "C) as needles, m.p. 76-77 "C 
(Found: C, 65.75; H, 10.65; F, 13.15. C,,H,,F,O, 
requires, C, 65.7; H,  10.35; F, 13.0%); T 9.14 (t, 16-H,), 
8.0br (W,  12 Hz, 6- and S-H,), and 7.65 (3 H, t, J 7 Hz, 2- 
H,) ; vmax. 2 660br, 1 710, and 1 690 cm-l; (in CHC1,) 2 670 
and 1 708 cm-l. 

3,3-Di$uorocholestane.-Cholestan-3-one (65 mg) in dry 
dichloromethane (1 ml) was treated with DAST (218 mg) a t  
20 "C for 84 h. Work-up as in preceding experiments 
followed by chromatography on silica gel (15 g), and elution 
with light petroleum gave 3,3-difluorocholestane which 
crystallised from ethanol as needles (31 mg, 45%), m.p. 
108-109 "C (1it.,lo 109-110 "C) (Found: C, 78.95; H,  

9.3%); $* 126.35 (d, J 233 Hz, 3P-F) and 116.14br (dm, J 

Fluorination of Methyl ent-7-Oxokaur-16-en- 19-oate (3) .- 
Treatment of the keto-olefin@ with DAST in dichloro- 
methane for 25 h a t  room temperature gave an  intractable 
mixture, shown by t.1.c. to contain at least 6 compounds. 
The n.m.r. spectrum of the crude product showed no ole- 
finic proton signals. 

Hydrogenation of Methyl ent-7-Oxokaur- 16-en- 19-oate.- 
The ester (150 mg) in ethyl acetate (10 ml) was hydrogenated 
in the presence of 10% palladium-charcoal (100 mg) until 
uptake of hydrogen ceased. Recovery in the usual way 
gave a mixture of the 16-epimers of methyl ent-7-oxokauran- 
19-oate (4) and (5 )  (145 mg) (Found: m/e 332.235 6. Czl- 
H,,O, requires M ,  332.235 1); T 9.01 and 8.95 (3 H, 2 d, 
J 6 Hz, 17-H,), 8.82 (3 H, s, ZO-H,), 8.72 (3 H, s, 18-H,), 
and 6.31 (3 H,  s, OMe). 

Fluorination of Methyl ent-7-Oxokauran- 19-oate (Mixture 
of 16-Epimers).-The keto-esters (130 mg) in dry carbon 
tetrachloride (5  ml) were treated with DAST (250 mg) in a 
stainless-steel bomb a t  114 "C for 84 h. The mixture was 
poured into water and extracted with carbon tetrachloride. 
The organic extracts were washed with water and dried. 
Removal of the solvent in vacuo and purification of the 
residue by p.1.c. with development in benzene, afforded 
methyl ent-7,7-difluorokauran- 19-oate (mixture of 16-epi- 
mers) (6) and (7) as a gum (47 mg) (Found: m/e 354.237 5 .  
C,,H,,F,O, requires M ,  354.237 0) ; vmX. (CHC1,) 1 720, 
1 150, 1 129, and 970 cm-l; T 9.16 (3 H, s, 2O-H,), 9.04 and 
8.98 (3 H, 2 d, J 7 Hz,  17-H), 8.83 (3 H, s, 18-H3), and 
6.38 (3 H,  s, OMe); no signal due to CH=CF could be 
detected; $* (on the crude product) 105.26 (m, 7-F,) and 

11.0; F, 9.1. Calc. for C2,Ha6F2: c, 79.4; H,  11.3; F, 

233 Hz, Wt 110 Hz, 3 ~ - F ) .  

125.00 (weak, corresponding to <4y0 C=CF). G.1.c. at 
180 "C showed only two peaks due to the epimers (6) and (7). 

Similarly, fluorination of methyl ent-7-oxokauran- 19- 
oate (4) gave methyl ent-7,7-difluorokauran-19-oate (6) as a 
gum. 

Preparation of ent-7-Oxokaurane-19,6~-carbolactone (13) .- 
7P-Hydroxykaurenolide (1.1 g) in alcohol (50 ml) was 
treated with hydrazine hydrate (3 ml) a t  0 "C. Hydrogen 
peroxide (30%; 3 ml) was added during 1 h, the mixture 
was stirred a t  0 "C for a further 3 h, and then at room 
temperature for 12 h. Ethanol was removed in vacuo and 
the mixture was acidified with dilute hydrochloric acid. 
Recovery in ethyl acetate gave nearly pure ent-7a-hydroxy- 
kaurane-19,6P-carbolactone (12) (1.0 g ) ;  T 9.12 (3 H, s, 
2O-H,), 8.99 (3 H,  d, J 7 Hz, 17-H,), 8.70 (3 H,  s, 18-H3), 
5.70 (1 H, d, J 6 Hz ,  7-H), and 5.35 (1 H, t, J 6 Hz, 6-H), 
which on oxidation with Jones reagent afforded ent-7- 
oxokauran-19,6~-carbolactone (13), m.p. 263-264 "C (from 
ethyl acetate-light petroleum) (lit.,O m.p. 264 "C). 

Reduction of the Difluoro-esters (6) and (7) with Lithium 
Aluminium Hydride.-The esters (47 mg) in ether (2 ml) 
were treated with lithium aluminium hydride (100 mg) a t  
room temperature for 24 h. Isolation of the product in the 
usual way followed by crystallisation from light petroleum 
gave a mixture of the 16-epimers of ent-7,7-difEuorokauran- 
19-01 (8 )  and (9), as clusters of needles, m.p. 136-139 "C 
(Found: C, 73.55; H, 9.7; F, 11.95. C,,H,,F20 requires 
C, 73.55; H, 9.9; F, 11.6%); vmx. 3470, 1312, 1200, and 
1 130 cm-'. 

Reduction of the difluoro-ester (6) under the same condi- 
tions gave ent-7,7-difluorokauran- 19-01 (8) which crystallised 
from light petroleum as needles, m.p. 124-127 "C (Found: 
m/e 326.242 7. C,,H,,F,O requires M ,  326.242 1); T 9.0 
(3 H,  s, 2O-H,), 8.97 (3 H ,  d,  J 8 Hz, 17-H,), 8.74 (3 H,  s, 
18-H,), 6.50 (1 H,  d, J 11 Hz),  and 6.31 (1 H, d, J 11 Hz) 

Oxidation of ent-7,7-Di$uorokauran-19-ol with Jones 
Reagent.-The alcohol (10 mg) in acetone (1 ml) was treated 
with Jones reagent (0.1 ml) a t  room temperature for 1 h. 
Recovery in ethyl acetate and crystallisation from light 
petroleum (b.p. 40-60 "C) gave needles, m.p. 176-182 "C 
(decomp.) of ent-7,7-difluorokauran-19-oic acid (10) (Found: 
m/e 340.221 8. C,,H,,F,O, requires M ,  340.221 4); v,,,. 
3 500-2 400, 1 700, 1 150, 1 068, and 990 cm-l. 

Preparation of ent-7,7-Di$uorokauran-19-al (1 1) .-Chro- 
mium trioxide (360 mg) in dichloromethane (15 ml) was 
added to  dry pyridine (600 mg) a t  0 "C with stirring and 
then the alcohol (8 )  (25 mg) in dichloromethane (5  ml) was 
added, and stirring was continued for 15 min. The organic 
layer was decanted and the residue was washed with 
dichloromethane. The combined solutions were washed 
with dilute sodium hydroxide solution, dilute hydrochloric 
acid, and water. Recovery in vacuo gave ent-7,7-di$uoro- 
kauran-19-al (11) as a gummy solid (20 mg) (Found: m/e 
324.225 8.  C,,H,,F,O requires M ,  324.226 5 )  ; T 9.09 (3 H, 
s, 20-H,), 8.96 (3  H, d, J 6 Hz, 17-H3), 8.73 (3 H,  s, 18-H3), 
and 0.26 (1 H,  s, 19-CHO). 

Fluorination of the 8-Epimeric Mixture of 7a-Hydroxy- 
10P-methoxycarbonyl- 1~,8-dimethyl-2-oxogibbane- la,4aa- 
carbolactones (14) and (15).-The ketones l1 (145 mg) in 
dry dichloromethane (1 ml) were treated with DAST (250 
mg) a t  0 "C for 6 h. Water was added and the products 
were recovered in dichloromethane. Removal of the solvent 
in vacuo gave a gum which was purified by p.1.c. Develop- 
ment with chloroform-light petroleum (1 : 1) gave two 

( 19-CH,) . 
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bands. Elution of the band of lower RF with acetone 
afforded a mixture of the 8-epimers, (16) and (17), of 7a- 
puoro- 1 Op-methoxycarbonyl- 1 p, 8-dimethyl-2-oxogibbane- 
la,4au-carbolactones as a semi-solid (20 mg) (Found: wale 
364.168 9. C,,H,,FO, requires M ,  364.168 6) ; v,,, (CHCl,) 
1770, 1 730, and 1690 cm-l; T 9.02 and 8.98 (3 H, 2 d, J 
8 Hz, 8a- and 8p-Me), 8.80 (3 H,  s, lp-Me), 7.2 (d, J 9 Hz, 
1Oa-H), 6.94 (1 H, d ,  J 9 Hz, 10-H), and 6.26 (3 H, s, OMe). 

Recovery of the band of higher RF gave a gum which 
crystallised from methanol as needles, m.p. 152-158 "C, 
of the 8-epimeric mixture of 2,2,7-tri=fEuoro- lop-methoxy- 
carbonyl- 1 p, 8-dimethylgibbane- 1 u, 4aa-carbolactones ( 18) and 
(19) (Found: m/e 386.171 8 .  C,,H,,F,O, requires M ,  
386.170 5);  t 9.03 and 8.98 (3 H,  2 d, J 7 Hz, 8a- and 8p- 
Me), 8.80 (3 H, s, lp-Me), 7.31 (d, J 10 Hz, 10-H), 6.97 (t, 
J 10 and 4 J ~ R  10 Hz, 1Oa-H), and 6.23 (3 H, s, OMe); vmX. 
1 775 and 1 735 cm-l; +* 159.40br [s, 7a-F in (18)], 146.95br 
[s, 7a-F in (19)], 113.29br [vw, s, 2-F in (22)], 109.38 (dm, J 
238 Hz, 2p-F), and 102.26 (dd, J 238 and 10 Hz, 2a-F). 
Irradiation of the 10a-H signal in (18) a.nd (19) caused the 
2a-F signal to collapse to a doublet, J 238 Hz. 

Hydrolysis of the Fluoro-esters ( 18) and ( 19) .-The esters 
(30 mg) in water (5 ml) and tetrahydrofuran (5 ml) were 
refluxed with potassium hydroxide (100 mg) for 1 h. Acidi- 
fication of the solution with dilute hydrochloric acid and 
recovery of the product in ethyl acetate followed by 
purification by p.1.c. [development with benzene-ether 
(9 : l ) ]  gave a gum (20 mg) which contained the 7a-fluoro- 
ketones (20) and (21); vmaX. (CHC1,) 1765 and 1710 cm-l; 
+* 149.37br and 160.34br (2 s, 7a-F in 8-epimers) ; no signals 
were observed corresponding to 2-F atoms (Found: wzle 
350.151 9. C,,H,,FO, requires M ,  350.152 9). The pre- 
sence of the fluoro-ketones in the gum was confirmed by 
methylation, followed by g.1.c. comparison with an authen- 
tic sample of the ketones (16) and (17) (from above). 

Fluorination of Methyl Gibberate.-The keto-ester (158 mg) 
in dry carbon tetrachloride (5 ml) was treated with DAST 
(400 mg) in a stainless-steel bomb a t  114 "C for 72 h. Iso- 
lation of the products in the usual way followed by p.1.c. 

[chloroform-light petroleum (1 : l)] and elution of the band 
of lower RF gave, after recrystallisation from methanol, 
methyl gibberate (85 mg) identical (i.r., g.l.c., and n.m.r.) 
with an authentic specimen. 

Elution of the higher-Rp band gave methyl 1,7-dimethyl- 
8,8-difluoro-7a-gibbane- lop-carboxylate (24) as an oil (30 
mg) (Found : m/e 320.159 1. C,,H,,F,O, requires M ,  

l-H3), 6.23 (3 H, s, OMe), 6.00br (1 H, s, 10-H), and 2.85 
(3 H,  m, aromatic H ) ;  $* 110.58 (dd, J 224 and 12 Hz, 
8-F) and 94.01 (dm, J 224 Hz, 8-F). 

320.158 8 ) ;  T 8.95 (3 H, d, 4JFH 2 Hz, 7-H3), 7.87 (3 H, S, 
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