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their ability to undergo facile nucleophilic SLbst.iu_i..Ln reactions, Almost invariably thev are prepared by

usually pyridine, tnethylamme or Hiinig's base, in dichloromethane or chloroform and at low temperature,
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observed during the preparation of trifluoromethanesulfonate esters. The side products range from
trifluoromethanesulfinate esters, which could be the major product of the reaction, to a variety of amine
cleavage products depending on the amine used, the substrate and the reaction temperature.

Recently, we have published® a very powerful new method for the acylation of alcohols by acid
anhydrides catalysed by trimethylsilyl trifluoromethanesulfonate (TMSOTf). This method is very clean,
extremely fast and high yielding. For example, the sterically hindered glucocorticoid fluocinonide acetonide (1)
gave 60.,90-difluoro-11p,21-dihydroxy-3,20-dioxo- 160, 17a-isopropylidenedioxypregna-1,4-diene-11f,21-diyl
diacetate (2) within 0.5 h, whereas acetylation using dimethylaminopyridine catalysis yielded the same product
(2) in 8 h. As an extention of our esterification work we envisaged that reaction of alcohols with sulfonic
anhydrides may also be catalysed by TMSOTS and provide an efficient route to sulfonate esters. Thus,
treatment of 1-octadecanol with Tf,0 (1.25 equiv) and TMSOTS (0.05 equiv) in dichloromethane at room
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Having demonstrated the reaction with a simple alcohol we wanted to extend the reaction to a more
complex and highly functionalised alcohol, such as the glucocorticoid 1. Alcohol 1 was found not to react
with TH,O (1 equiv) and excess pyridine in dichloromethane for 6 h. However, treatment of 1 with THO (1
equiv) and TMSOTT (0,05 equiv) gave after 15 min a less polar product plus starting material. More Tf,0O
(0.25 equiv) was added and the reaction mixture was monitored by TLC and LCMS. A second less polar
product together with a trace of a more polar product appeared plus unreacted starting material. After 3 h
there was no change in the amount of starting material present and the reaction mixture was purified by column
chromatography and preparative HPLC to give the products 3 (12%), 4 (5%) and fluocinonide (5) vide infra
(1%), and recovered starting material 1 (51%).
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Compound 3, LCMS RT = 5.39 min, m/z 774, had a molecular formula of C;sH3,F;0,2S,, determined
from its high resolution mass spectrum and the 'H and ®C NMR spectra. The "H NMR spectrum indicated
that the D ring, the 16,17-acetonide, C13-Me and the acetoxymethyl ketone at 17f3 were intact. The C10-Me
was shifted downfield to 2.47 ppm, and the C6-H was simplified to two double doublets at 5.77 and 5.89. The
A ring protons were shifted into the aromatic region and appeared at 7.13 (dd, J 8 and 2 Hz), 7.24 (d, J 8 Hz)
and 7.28 (d, J 2 Hz). In addition there was a double doublet at 5.33 and a multiplet at 3.01 ppm. The Bc
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ated the presence of an additional C=0 at 201.2 ppm, 6 aromatic C atoms, two quaternary
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as quartets at ca 119 ppm with a large F coupling, suggesting two TfO groups, a CH-F at
89.5, and a C—“ at 86.1 ppm. The proton at 5.33 (dd) was attached to the C at 86.1 and was part of a
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Clearly ring A had aromatised and was connected via CHFCHj; to ring C at C8 which was in turn connected to
the 201.2 ppm carbonyl. These data are compatibie with structure 3 and this was confirmed by the HMBC
spectrum. Long range 'H - PC correlations are shown diagrammatically in Fig. 1. The configuration at C6
was assumed to be the same as in the starting material. The configuration at C11, however, was inverted as
evidenced by the large coupling constant (12 Hz) due to diaxial coupling between 113-H and 12a-H.
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Fig. i Key iongrange 'H - '3C correiations for compound 3

The minor product 4, LCMS RT = 5.67 min, m/z 587, had a molecular formula of C;;HyoF;04S
determined from its high resolution mass spectrum and the 'H and "C NMR spectra. The 'H NMR spectrum
indicated that the D ring, the 16,17-acetonide, C13-Me and the acetoxymethyl ketone group at C17 were again
intact. The C10-Me was shifted downfield to 2.47 ppm. The A ring protons were shifted into the aromatic
region and appeared at 7.03 (dd, J 8 and 2 Hz), 7.25 (d, J 8 Hz) and 7.60 (d, J 2 Hz). The C6-H had
disappeared and a new singlet appeared at 6.43 ppm. The C NMR spectrum indicated the presence of ten
aromatic C atoms of which 6 were quaternary and 4 C-H (from the HMQC). The F NMR spcctrum indicated
a singlet at -73.2 ppm, suggesting the presence of a triflate ester, and the UV spectrum indicated two maxima

ring, C11 was deoxygenated.

The above described reaction of alcohol 1 with Tf,O and TMSOTT does not take the same course in the
absence of TMSOTT; extensive decomposition without any identifiable products occurs instcad. As mentioned
above, when 1 was reacted with Tf,0 (1.25 equiv) and TMSOTY (0.05 equiv) 51% of starting material was
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Fig. 2 Keylong range 'H - 3C correlations for compound 4

recovered unchanged. This is not surprising as iwo equivelanis of TH,O are required per mole of 1 to form 3.
When the reaction was repeated in the presence of 2 equiv TH,O and T
0.025 equiv after 1 h) the amount of unreacted starting material was reduced to 22% and the amount of
products 3 and 4 was altered to 8% and 33% respectively. More importantly, HPLC indicated that the initial
product formed was the ditriflatc 3 (29%) and no furan 4 was present. However, as the reaction proceeded
the ditriflate 3 was consumed, and the amount of furan 4 was increased to 33%. Additionally, fluocinonide (5)
which was previously obtained only in tracc amounts (< 1%), was now isolated in 8%. Furthermore, when the
reaction was repeated with Tf,0 (1 equiv) and TMSOTS (0.05 equiv) HPLC indicated the presence of the
unstable ditriflate 3 (45%) and fluocinonide acetonide (1) (27%), which were isolated in 12% and 21%
respectively following column chromatography.

The aromatisation of the A ring of 1,4-diene-3-keto-steroids with concomitant migration of the C10
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MSOTT (0.05 equiv, followed by extra

methyl group to C1 has been known for a long time and has been described by Djerassi as the dienone-phenol

rearrangement. >4

bond, rather than migration of the C10 methyl group has been reported.’ This rearrangement is thought to
. i

More recently the rearrangement of the allylic fluoride 6 to enone 7 via cleavage of C9-C10
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arise by acid-catalysed (48% aqueous HF) solvolysis of the C9-F to a C9 carbonium ion.
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Scheme: Proposed mechanism for the formation of 3 and 4
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vy conversion of the 11B-hydroxy to its
TMS ether 8 brought about by the action of TMSOT{. The triflic acid that is generated during this conversion
catalyses the formation of the carbonium ion at C9. Acid-catalysed solvolysis of tert-alkyl fluorides was
studied by Chapman and Levy® and was shown to proceed by first order kinetics with respect to fluoride. The
carbonium ion is then trapped by nucleophilic addition of adventitious water to form an intermediate alcohol 9,
which fragments to the C9-ketone with concomitant cleavage of the C9-C10 bond, aromatisation of ring A and
sulfonylation at C3, as indicated in the Scheme. The C11 TMS ether 10 is now less sterically hindered
following the breakdown of ring B, and reacts with Tf,0 to form compound 3. The triflate at C11 assumes the
more stable 11a equatorial position, presumably via enolisation of the C9 ketone. Only one diastereoisomer

was detected by NMR spectroscopy (8x 5.33 and dc 86.1 ppm) The formation of 4 is postulated to arise
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acid catalyst leading on to an Sy1 mechanism. Elimination of the C11 triflate group of 12 gives the conjugated
diene 13, which upon acid catalysed rearrangement leads to furan 4. Acid catalysed rearrangements of
steroidal dienes were reported by Derek Barton nearly fifty years ago.® Clearly the amount of water present in
the reaction mixture is critical for the formation of ketone 3. However, we have not repeated the reaction in
the presence of added water because we anticipated an increase in the rate of hydrolysis of the isopropylidene
group.

In conclusion two interesting rearrangement products were identified during attempted
trifluoromethanesulfonylation of the hydroxy group of 1 using the novel conditions of introducing a triflate
group (Tf,0/TMSOT{). The mechanism of their formation is also rationalised.

EXPERIMENTAL

(solvent B), using the following elution gradient 0 — 0.7 min 0% B, 0. 7 4.2 min 100% B, 4.2 — 7.7 min 100%
B, 7.7 — 8.0 min 0% B at a flow raie of 1 mVmin. The mass spectra were recorded on a Fisons VG Platform
spectometer using electrospray positive and negative mode (ES + ve or ES — ve). Preparative HPLC was
conducted on a Dynamax 60A column (30 ¢cm X 5 cm) eluting with a gradient of 50% MeCN-water to 95%
MeCN-water over 19 min, at a flow rate of 45 ml/min and detecting at 235 nm. The following NMR spectra
were recorded 'H, °C, '°F, HMQC, gradient HMBC, COSY, and NOE difference on a Varian INOVA 400

MHz.

1-Octadecyl trifluoromethanesulfonate’:
A suspension of 1-octadecanol (518 mg, 1.9 mmol) in CH,Cl, (6 ml) was treated at 20 °C with Tf,0 (0.4 ml,
2.37 mmol) and TMSOTS (1M in CH,;Cl,; 0.1 ml). As soon as the TMSOTY was added complete solution was

obtained. The mixture was partitioned between CH,Cl, and ag. NaHCO; solution after stirring at 20 °C for 1
h. The organic phase was separated, washed with ag. NaHCO;, dried (MgSQCy), and evaporated to give the
St Y« A4 FaTAY ) Y ARTR ATY D /AT N AN QOO ATT o T A XX AT ATIT N 17777 1 OO0 ATT N A A NHIY T
title triflate (361 mg, 90%). NMR 6 (CDClL) (.88 (3H, t, 1 7 Hz, CH,CH,), 1.77-1.89 (2H, m), 4.54 (2H, J 7

Hz, TIOCH,).
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Table
' and *C NMR data in CDCl, for compounds 3 and 4.

3 4

Position Su Sc Sg O¢
1 7.24 (4, 8) 132.6 7.25 (d, 8) 132.7
2 7.13 (dd, 8, 2) 121.1 7.03 (dd, 8, 2) 118.7
3 - 148.5 - 147.9
4 7.28 (d, 2) 1179 7.60 (d, 2) 118.5
5 - 141.7 - 132.3
6 577 (dd, 11, 1) 5.89 (dd, 11, 1)  89.5(d, 170) | - 149.8
7 1.6 (m) 2.2 (m) 35.6 6.43 (s) 110.0
8 3.01 (ddd, 14, 11, 2) 438 - 1206
9 - 2012 - 1499
10 . 135.1 - 133.8
11 5.33 (dd, 12, 8) 86.1 2.89 (dd, 17, 7) 2.78 (m) 20.7
12 2.48 (m) 38.3 2.24(dd, 12,7) 1.98 (dd, 12,6)  28.5
13 - 46.9 - 473
14 2.13 (m) 48.9 3.25 (m) 403
15 1.78 (m) 342 2.03 (dd, 13, 6) 1.80 (dt, 5, 13)  32.9
16 5.03 () 82.9 5.17(d, 5) 83.8
17 - 96.0 - 97.0
18 1.12 (s) 152 0.64 (s) 133
19 2.47 (s) 18.8 247 (s) 21.8
20 - 203.8 - 204.0
21 4.89 (ABq, 17) 67.8 5.10 (d, 18) 4.94 (d, 18) 61.7
22 - 170.9 - 170.4
23 2.20 (s) 20.7 2.19 (s) 204
24 - 112.5 - 1116
25 1.44° (s) 25.8° 1.29° (s) 25.6
26 1.24° (s) 26.7° 1.51°(s) 26.5
27 - 119.1%(q, 320 | - 118.8 (g, 320)
28 - 119.3 (q, 320)

Chemical shifts superscripted with the same letter can be interchanged

uocinonide acetonide with Tf,O and TMSOTTY:
A solution of fluocinonide etomde (1) (494 mg, 1 mmol) in CH,Cl, (20 ml) was treated with Tf,0 (0.17 ml,

1 mmal) and a2 ealition of TMSOTSE in CH.CL, (1 M- 0085 mD at 20 °C Ac ¢coon ag the ) wae added the
LIIUL) Al @ SQULULIVIL UL LIVAWONS 1R L SR o0 dvi, U.UJ U] Al &4V L) OULUIL QA0 WL R A7/ VW AD GUMLA L
am ~ andd afiae 1N o0 3. .o Tstrns TEMN MV NA ol N IE cmmsan A1) 5500 a AR =1 T AAAC
5011.1[1011 lurneu yC U /and ancr iv il garkenea LCXUd 1YV (VU 1L, U .20 HulioL) as aducld did 1A Ivio
nrm N ne Ao AR V--guh 5% ol A £ i ANS. DT £ N0 s I ™" A. DT g £77 i

malca[ea a le[ure K1 =39>mm, m/Z 430, K1 =400 I, /2 40, K1 = D.07 i), /7 / /14, K1 = D.0/ 111N,

m/z 587. The reaction mixture was stirred for 3 h and then aqueous NaHCQ; solution was added. The organic
phase was separatcd, washed with ag. NaHCO; (3 x 50 ml), dried (MgSQO,), and chromatographed on silica
gel, eluting with ethyl acetate-cyclohexane (1:3) and further purified by preparative HPLC to give furan 4 (30
mg, 5%) as a colourless gum. Analytical HPLC RT = 5.67 min ; UV Ay (CH;CN) 231 nm (e 7600), 302
(11000); IR Vmax1754, 1729, 1423, 1210, 1141, 1080, 1039, 906 and 734 cm™; MS(ES + ve) m/z 587 [(M +
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Al I/AA NEAYY 20021 HDNMQ/MTQ wa)l fasind. & QL /NA INt M 1T TN Q roniienc
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Compound 3 (91 mg, 12%) a colourless gum. Anal. HPLC RT = 5.39 rmn, IR ve (KBr) 1747, 1731, 1494,
1415, 1235, 1140, 913 and 742 cm™; MS(ES + ve) m/z 774 (M + NHy)"; HRMS(ES + ve) found: 774.1505
(M + NH,)" CpsH35F;NO,S; requires 774.1489. Sec table for NMR data.

60,,90.-Difluoro-11f,160,170.,21-tetrahydroxy-3,20-dioxopregnane-1,4-diene-21-yl  acetate (fluocino-
nide)'® (5). Anal. HPLC RT = 3.95 min; 'H NMR & (DMSO-ds) 0.84 (3H, s, 18-H), 1.48 (3H, s, 19-H), 2.09
(3H, s, AcO), 4.17 (1H, m, 11aH), 4.71 (1H, br t, J 7 Hz, 16B8-H), 4.80 (1H, dd, J 18 Hz, 21-H), 4.90 (1H, s,
170-OH), 5.02 (1H, dd, J 18 Hz, 21-H), 5.43 (1H, d, J 6 Hz, OH), 5.50 (1H, d, J 5 Hz, OH), 5.58 and 5.70

N L 1Y TTTY A N £ /11T 11 T 1N 3 N TT. A TIN 7T AL /11X = | T 1N 1YY _ 1 LI\, AA/T O
(14, 2m, 6p-H)j, 6.11 (1H, s, 4-H), 6.25 (iH, dd, J 10 and 2 Hz, 2-H), 7.25 (1H, d, J 10 Hz, 1-H); MS{ES
+ve) m/z 455 [(M + H)', 100%], 909 [(2M + H)*, 15%]; MS (ES - ve) m/z 453 [(M — H)", 100%], 907 [(2M
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Dedication: This paper is dedicated in loving memory to the grand master of chemistry, Sir Derek Barton,
from his last Ph. D. student at Imperial College (1976-1979).

REFERENCES
1. Netscher, T.; Bohrer, P, Tetrahedron Lett. 1996, 37, 8359-8362
2 Proconinnt P A - Raunoch SPD lack 8 S ‘Inolic GG A T Ore Chem 1908 A3 23422347
L. DIUVUPIUU, 1.0, AU gi, 3.0 casy SUAVSR, Wiy 2iigildy WAL J U g WAETL ATT0, UL, LITLTAIS]
3. Wilds, A.L.; Djerassi, C. J. Am. Chem. Soc. 1946, 68, 1715-17.19.
A MNMainracnc: 1 e DAacanbuans 1 Daman T Datalrs T W arnfonn © F A Ml C.... 1TOQEN 7Y ASAN
4. LJJCrassi, L. ROSSNnKranz, u.; noimo, J.; rataci, J.; Raulmann, S. J. Al UREm. 0oC. 175V, /24, 434U-
ACAA
40494,
Fd A - A A ) 5 PN ~ w7 o __.1_ ™ e} ! N XfrY MY 1 b V. SN o PR ™ DY b ) V) T,
5. Avery, M.A.; Detre, G.; Yasuda, D.; Chao, W.R.; Tanabe, M.; Crowe, D.; Peters, R.; Chong,

W.KM. J. Med. Chem. 1990, 33, 1852-1858.

6. Chapman, N.B.; Levy, J.L. J. Chem. Soc. 1952, 1677-1682.

7. Miller, W.T. Jr.; Bernstein, J. J. Am. Chem. Soc. 1948, 70, 3600-3604.

8. Barton, D.H.R.; Brooks, C.J.W. J. Chem. Soc. 1951, 257-277.

9. Schmidt, R.R.; Moering, U.; Reichrath, M. Tetrahedron Lett. 1980, 21, 3565-3568.

10. Kirk, D.N.; Toms, H.C.; Douglas, C.; White, K. A.; Smith, K.E.; Latif, S.; Hubbard, RW.P. J.
Chem. Soc. Perkin Trans. 2, 1990, 1567-1598.



