Synthesis of Steroidal [16a,17-b][1,4]Dioxanes

temperature. After solvents were removed under a reduced pressure,
the residue was distilled at 44 °C (5 mmHg) to afford a mixture of 15
and 16 in 79% yield. Since 15 and 16 were thermally unstable, they
were not separated, and the mixture was analyzed: tH NMR (CCly)
75.74 (m, 1 H), 7.89 (s, 1 H), 7.8-9.5 [m, 12 H, including 8.89 (d, J =
5.7 Hz) and 8.92 (d, J = 6.3 Hz)]. With the aid of a shift reagent
Eu(dpm)s, the absorption at  5.74 was separated into two multiplets
with widths at half-height of 11 Hz, respectively. With the aid of the
shift reagent, the two doublets were shown to include three protons,
and the intensity ratio of the doublets at r 8.89 and 8.92 to be 1.6:1.
The coupling constants of the doublets were also determined with the
aid of the shift reagent. Anal. Caled for CgH140: C, 76.14; H, 11.18.
Found: C, 76.11; H, 11.20. When 20.0 mmol (2.08 mL) of diethylzinc
was used, a mixture of 15 and 16 was obtained in 60% yield. '<H NMR
spectrum of the mixture showed the ratio of 15 to 16 to be 1:1.7.

Reaction of cis-Cyclooctene with Diethylzine and 1,1-Diio-
doethane. Reaction of cis-cyclooctene (1.2 mmol, 0.23 g) with di-
ethylzinc (1.5 mmol, 0.15 mL) and 1,1-diiodoethane (2.4 mmol, 0.23
mL) in 3.0 mL of octane at 30 °C for 7 h gave a 1:2.6 mixture of exo-
and endo-9-methyl-cis-bicyclo[6.1.0lnonane in 87% yield based on
the olefin. The exo isomer: 'H NMR (CCly) 7 7.8-10.2 [m, 18 H, in-
cluding 8.99 (d, 3 H, J = 4.8 Hz)]. Anal. Caled for C;oH,s: C, 86.88; H,
13.12. Found: C, 86.60; H, 13.23. The endo isomer: 'H NMR (CCly)
77.9-9.8 [m, 18 H, including 9.09 (d, 3 H, J = 4.5 Hz)]. Anal. Caled
for CyoHis: C, 86.88; H, 13.12. Found: C, 86.94; H, 13.02. In the case
where 1.5 mmol of ethylzinc methoxide was used instead of diethyl-
zine, the yield of 9-methyl-cis-bicyclo[6.1.0lnonane was <1% when
the reaction time was 7 h.

Registry No.—2, 14390-23-9; 3, 62861-98-7; 4, 62929-18-4; 5,
62861-99-8; 6,62929-19-5; 7, 62929-20-8; 8, 62929-21-9; 9, 4096-38-2;
10, 62862-00-4; 11, 62929-22-0; 12, 62862-01-5; 13, 62929-23-1; 14,
822-67-3; 15, 62862-02-6; 16, 62862-03-7; diethylzine, 557-20-0; 1,1-
diiodoethane, 594-02-5; cis-cyclooctene, 931-87-3; exo-9-methyl-
¢is-bicyclo[6.1.0]nonane, 62862-04-8;
clo[6.1.0lnonane, 62929-24-2; ethylzinc methoxide, 15860-82-9.
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J. Org. Chem., Vol. 42, No. 18, 1977 3035

References and Notes

(1) J. Nishimura, N. Kawabata, and J. Furukawa, Tetrahedron, 25, 2647
(1969).

{2) (a) S. Winstein, J. Sonnenberg, and L. de Vries, J. Am. Chem. Soc., 81,
6523 (1959); (b) S. Winstein and J. Sonnenberg, ibid., 83, 3235 (1961);
(¢} A. C. Cope, S. Moon, and C. H. Park, ibid., 84, 4843 (1962); (d) W. G.
Dauben and G. H. Berezin, ibid., 85, 468 (1963); (e} E. J. Corey andR. L.
Dawson, ibid., 85, 1782 (1963); (f) E. P. Blanchard and H. E. Simmons, ibid.,
86, 1337 (1964); (9) J. E. Starr and R. H. Eastman, J. Org. Chem., 31, 1393
(1968); (h) M. Gasic, D. Whalen, B. Johnson, and S. Winstein, J. Am. Chem.
Soc., 89, 6382 (1967); (i) D. Whalen, M. Gasic, B. Johnson, H. Jones, and
S. Winsteln, ibid., 89, 6384 (1967); (j)J. J. Sims, J. Org. Chem., 32, 1751
(1967); (k) J. H. Chan and B. Rickborn, J. Am. Chem. Soc., 80, 6406 (1968);
() R. K. Hill and J. W. Morgan, J. Org. Chem., 33, 927 (1968); (m) M. Ber-
trand and R. Maurin, Tetrahedron Lett., 4585 (1968); (n) C. D. Poulter, E.
C. Friedrich, and S. Winstein, J. Am. Chem. Soc., 91, 6892 (1969); (o) F.
Rocquet, A. Sevin, and W. Chadkiewicz, C. R. Acad. Sci,, Ser. C, 272, 417
(1971); (p) J. A. Staroscik, and B. Rickborn, J. Org. Chem., 37, 738
(1972).

(3) The terms, syn- and anti-selective additions, were used where the cyclo-
propane ring was predominantly cis and trans, respectively, to the hydroxyl
group in the reaction products.

(4) A.Bowers, T. G. Halsall, E. R. H. Jones, and A. J. Lemin, J. Chem. Soc.,
2548 (1953).

(5) The VPC analysis showed the presence of other products in the vicinity
of 10 and 11. However, the amounts of these products were negligible even
if they involved the endo,cis and the exo,cis isomers.

(6) Reduction of bicyclo[4.1.0]heptan-2-one with lithium aluminum hydride
was reported to give predominantly the trans isomer of 2-hydroxybicy-
clo[4.1.0]heptane 2

(7) The 'H NMR spectra of exo- and endo-7-methylbicyclo[4.1.0]heptane
showed the absorptions of the methyl protons at 7 9.03 and 9.06, re-
spectively.’

(8) For example, the formation of 9-methyi-cis-bicycio[6.1.0Jnonanes was
extremely slow when ethylzinc methoxide was used instead of diethylzinc
in reaction 1 with cis-cyclooctene as is given in the Experimental Sec-

tion.
(9) C.R. Noller, *‘Organic Syntheses”, Collect. Vol. 2, Wiley, New York, N.Y.,
1966, p 184.
(10) R. L. Letsinger and C. W. Kammeyer, J. Am. Chem. Soc., 73, 4476
(1951).

{11) N. Heap and G. H. Whitham, J. Chem. Soc. B, 164 {1966).
(12) K. Kato, Jikken Kagaku Koza, 6, 286 (1966).

Synthesis of Steroidal [16a,17-b][1,4]Dioxanes

Christopher M. Cimarusti,* Paul Grabowich, Ravi K. Varma, Sam T. Chao, Seymour D. Levine, and
Frank L. Weisenborn

Squibb Institute for Medical Research, Princeton, New Jersey 08540
Received May 11, 1977

Steroidal [164,17-b}[1,4]dioxanes have been prepared for the first time. The key reaction involves the selective
functionalization of polyhydroxylated steroids via interaction of 16,17-cycloborates and functionalized diazo com-
pounds to give 16a-alkoxylated 17-hydroxy steroids. Conversion of these intermediates to a variety of substituted
dioxanes and dioxins is described. 'H NMR and CD spectra of the products are discussed.

The conversion of certain 16«,17«-dihydroxy steroids,
such as triamcinolone! (1), to the corresponding “acetonides”
[22’-dimethyl{16«,17-d][1,3]dioxolanes (2)] is accompanied
by a marked increase in topical antiinflammatory activity.2
A variety of other fused five-membered ring systems incor-
porating an additional boron, carbon, phosphorus, or sulfur
atom3-6 have been prepared from 1; however, none of these
modifications has led to a therapeutic agent. We decided to
incorporate a second carbon atom into the moiety bridging
the 16- and 17-oxygen atoms in 2 and prepare compounds of
the type 5 in order to explore the effect on antiinflammatory
activity.

One attractive approach to such compounds appeared to
be the cyclization of intermediates of the type 3 or 4. Con-
version of 1 to the penultimate intermediate 3 requires se-
lective functionalization of one of the two most reactive hy-
droxyl groups in 1; for conversion to 4, one of the two least
reactive hydroxyls must be alkylated. A simple approach to

16«-alkoxy derivatives such as 3 is provided by the reaction
of the 18,17-cycloborate esters of 118,16a,17,21-tetrahydroxy
steroids with diazoalkanes discovered by Fried and Thomas.®
We have used the reaction of functionalized diazo compounds
with cycloborate esters to prepare derivatives of 3 suitable for
transformation to various dioxanes, including the parent ring
system 5. At this time, we wish to describe the synthesis of
steroidal [16a,17-b}{1,4]dioxanes; the biologic activity of these
compounds will be reported separately.

Results

Reaction of 9-fluoro-118,16a,17,21-tetrahydroxypregn-
4-ene-3,20-dione with a large excess of boric oxide in methanol
gives cycloborate 6 in excellent yield.> When powdered 6 is
added to a well-stirred solution of diazoalkene 8a® in ether—
methanol at 0 °C nitrogen is evolved and the ether 9a is pro-
duced in 78% yield. It is necessary to use a large excess of diazo
compound, since the boron species that is liberated reacts
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HO
F 20
0 a,R=H
1 b, R = CH,
¢, R=C,H,
d, R = (CH,),C

Similar sequences utilizing diazoalkenes 8b—d provided the
corresponding dioxins 18b~¢ and 19a-d. Interestingly, each
step of the sequence 10 — 12 — 15 — 18 (21-acetate series)
and 11 — 13 — 16 — 19 (21-chloro series) proceeded faster
and in better yield with the methyl- and phenyl-substituted
derivatives than in the unsubstituted series. This is un-
doubtedly due to the ability of these substituents to stabilize
an adjacent positive charge. In the tert-butyl series, epox-
idation proceeded rapidly, but the periodic acid cleavage and
subsequent cyclization were slower than the unsubstituted
case. Thus, the rate enhancement expected for an alkyl sub-
stituent is offset by the steric effect of the tert-butyl group on
nucleophilic attack at the adjacent carbon atom.

rapidly with diazo compounds. We have generally utilized 7-8
mol of the urethane or urea intermediate to the diazo com-
pound for each mole of steroidal borate.

Epoxidation of acetate 10a with m-chloroperbenzoic acid

proceeded slowly to give epoxide 12a (25.6% after 19 h at 21, X = OAc;Y=0H;Z=H
ambient temperature). Cleavage of 12a with periodic acid in 22, X=0H;Y=O0H;Z=H
aqueous tetrahydrofuran gave aldehyde 15a (53.2%), which 23, X=0Ac;Y=Z==
existed as the corresponding lactol 21 both in the solid state 24, X=0H;Y=0Et;Z=H
and in solution (as evidenced by its IR spectrum in KBr and 25, X=0Ac; Y=0Ac;Z=H
its 'H NMR spectrum in MesSO, respectively). This material 26, X=0Ac;Y= Z=H
was converted to the dioxin 18a (53%) when refluxed for 24 27, X=Cl(A'"*-);Y=Z=H
h in benzene with p-toluenesulfonic acid (TsOH).
X
HO
O R .
>B—OH
~0 P
‘e 7z 28, X = OH; Y = CH(OEt),
0 H 29, X = OAc; Y = CH,OH
30, X =OH; Y = CH,OThp
6, X =0OH 8

31, X = OAc; Y = CH,OMs

7, X = Cl(A"*-) 32, X = Cl (A"+*-); Y = CH,OThp
33, X = Cl (A"*-); Y = CH,0H
34, X = C1(A"*-); Y = CH,OMs

N

~o—' 'R (Et0),CHCHN,
9, X = OH 12, X = OAc 35 36
10, X = OAc 13, X = Cl (A=)
11, X = Cl (A"4-) OMs
X
O ---OH
OH .
\/l )I\ OAc
/ \\O__I R 37
14, X = OH 17, X = OH
15, X = OAc 18, X = OAc Ms = CH,S0,

16, Cl (A'*-) 19, X = Cl (A!+*-)
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Table I
Registry
no. Compd Mp, °C Anal® C-18 C-19 16a-(OCCCH3) Solvent
57331-56-3 11b 238-240 C,H,CLF 0.83 1.47 1.52 D?
13b 193-236 C,H,CLF 0.95 1.51 1.27, 1.31¢ c4
57331-58-5 16b 226-227 C,HCLF 0.94 1.53 2.00 C
57331-26-7 19b 259-260 C,H,CLF 1.03 1.48 1.68 D
59648-62-3 20b 248--250 C,H,F 1.45 1.58 1.39 C
57331-37-0 27 320-321 C,H,CLF 0.82 1.45 D
57331-75-6 33 226-228 C,H,CLF 0.85 1.49 D
4524-39-4 43 0.94 1.53 C
43 0.82 1.48 D

a Satisfactory analytical data (£0.4% for C, H, and halogens) reported for all new compounds listed in the table. ® D = dimethyl-dg

sulfoxide. ¢ Diastereomeric mixture of epoxides. ¢ C = chloroform.

Reaction of the 21-hydroxydioxins 17b-c (prepared by
saponification of the corresponding 21-acetates 18b—c) with
TsOH in refluxing benzene gave the internal ketals 20b-c.
Similar treatment of lactol 22 gave 20a.

Aldehydes such as 14-16a proved to be versatile interme-
diates to substituted dioxanes. Oxidation of 15a with Fetizon’s
reagent!0 (Ag,CO3/Celite) slowly gave the lactone 23 with no
oxidation of the 118-hydroxyl group. A better preparation of
such aldehydes is provided by reaction of borates with dia-
zoacetal 351! followed by acid hydrolysis. Reaction of borate
6 with diazo acetal 35 gave the acetal 28; hydrolysis of 28 with
aqueous acid gave lactol 22, while treatment with TsOH in
benzene gave the cyclic acetal 24. Acetylation of 22 gave the
lactol acetate 25 as a mixture of epimers.

Reduction of 15a with sodium borohydride in methanol
gave the §-hydroxy ether 29 (30%). A better route to 29 in-
volved diazo acetal 36, prepared from glycolonitrile via the
tetrahydropyranyl ether of ethanolamine.!2 Reaction of 6 with
36 gave the tetrahydropyranyl ether 30, which could be con-
verted to 29 by acetylation followed by hydrolysis with
aqueous acetic acid. Treatment of the corresponding mesylate
31 with dry NaHCO3 in MesSO13 gave the parent dioxane 26.
A similar sequence proceeding from borate 7 gave the mesylate
34. In view of the conversion of 37 to oxetanone 38 with
NaHCO; in Me3S0,13 we were concerned that oxetanone
formation might intervene in the case of 34 also; however,
treatment of 34 smoothly gave dioxane 27. Apparently the
kinetic preferencel* for formation of six- vs. four-membered
rings is responsible for this observation.

D-Ring Structure. D-Homoannelation of 17a-hydroxy-
20-keto steroids under acidic or basic conditions is well doc-
umented.1% All of the conditions utilized for ring closure in this
work, therefore, had the potential for first D-homoannelating
the steroid, as illustrated in Scheme I for 16a, to eventually
form either a dioxepin (41) or a rearranged dioxin (42), rather
than the normal dioxin 19a. The 'H NMR spectrum of 19a
exhibits a coupling constant of 18 Hz between the magneti-
cally nonequivalent C-21 methylene hydrogens (4.50 and 4.71
ppm), indicating that the C-20 carbonyl group is still adjacent
to this methylene group'® as it is in 16a (J = 16 Hz, 4.28 and
4.99 ppm). The coupling constant anticipated for the C-21
methylene group of 41 or 42 is ca. 12 Hz; further, the chemical
shift of this group would be expected ca. 0.6 ppm upfield!’
from that in normal 21-chloro-20-ketones. Similar coupling
constants (16-18 Hz) are exhibited by 18¢, 20b, and 26.

Further evidence for the normal D-ring structure of these
compounds is provided by CD spectra. Compounds 19d and
27 exhibit the expected!8 positive maxima at ca. 300 nm ([6}306
= 415 900 and []304 = +10 500, respectively). For comparison,
dioxolane 43 exhibits [6]300 = +12 080.

The IR, UV, and NMR spectra of these compounds were
all in accord with the assigned structures. Table I illustrates

Scheme I

the effect of selected substitutions on C-18 and C-19 chemical
shifts as compared with the dioxolane 43. Only in the case of
bicyclo{3.3.1]nonane derivatives such as 20b is the C-18 res-
onance affected in any major way; the restricted conformation
of the C-4’ carbonyl is responsible for this downfield shift of
0.51 ppm.

Summary

A novel class of annelated steroids has been prepared for
the first time and characterized. The reaction of steroidal
cycloborates with diazoalkanes discovered by Fried and
Thomas has been utilized as the key step in a regioselective
alkylation of 118,16a,17,21-tetrahydroxy steroids. Conversion
of these intermediates to steroidal [16«,17-b]dioxanes may
be effected in a variety of ways. The integrity of the D ring of
the resultant compounds was demonstrated by NMR and CD
spectroscopy.
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Experimental Section

All boiling points and melting points are uncorrected. Melting
points were determined on a Thomas-Hoover capillary apparatus.
NMR spectra were obtained on a Perkin-Elmer R-12B in either
Me2SO-dg or CDCl3. CD spectra were determined on a Cary 60 in
dioxane (¢ 0.022-0.066). IR spectra were determined on a Perkin-
Elmer 621 in KBr. Column chromatography was performed with dry
packed columns of J. T. Baker silica gel, 60-200 mesh.

21-Chloro-9-fluoro-118,16«,17-trihydroxypregna-1,4-di-
ene-3,20-dione 16,17-Cycloborate (7). A solution of 15.0 g of 21-
chloro-9-fluoro-118,16a,17-trihydroxypregna-1,4-diene-3,20-dione'®
and 60 g of boric oxide in 750 mL of methanol was refluxed for 1 h,
cooled to 30 °C, and diluted with 1.5 L of water. The resulting solid
was filtered and dried in vacuo to give 13.85 g (86.5%) of borate 7.

Anal. Caled for Co1HasBCIFOg: B, 2.56. Found: B, 2.37.

3-Diazo-2-phenylpropene (8c) and 3-Diazo-2-tert-butylpro-
pene (8d). Utilizing the general procedure of ref 9, 3-bromo-2-
phenylpropene?® and 2-bromomethyl-3,3-dimethyl-1-butene?! were
converted into 8¢ and 8d, respectively.

16a-(Allyloxy)-9-fluoro-118,17,21-trihydroxypregn-4-ene-
3,20-dione (9a). A total of 11.8 g (0.028 mol) of 6 was added in portions
to a stirred solution of 3-diazopropene (8a) in 250 mL of ether (pre-
pared from 0.22 mol of ethyl N-allylcarbamate®) to which 50 mL of
methanol had been added at 0 °C. After nitrogen evolution ceased the
solvent was removed in vacuo, the residue was dissolved in chloro-
form-hexane (4:1) and chromatographed on a 220-g silica gel column.
Elution with chloroform gave 9.5 g (78%) of TLC pure 9a after crys-
tallization from acetone-hexane. Recrystallization of a similar sample
from acetone—hexane gave the analytical sample, mp 199-201 °C.

Anal. Caled for Co4H:3FOg: C, 66.04; H, 7.62; F, 4.35. Found: C,
65.82; H, 7.83; F, 4.24.

21-(Acetyloxy)-9-fluoro-118,17-dihydroxy-16a-(oxiranyl-
methoxy)pregn-4-ene-3,20-dione (12a). A solution of 6.44 g (0.013
mol) of 10a (mp 189-191 °C, prepared by acetylation of 9a with acetic
anhydride-pyridine) in 150 mL of dichloromethane was stirred with
2.88 g (0.0143 mol) of m-chloroperbenzoic acid for 19 h at room tem-
perature. The resulting solution was washed with a mixture of 10%
potassium carbonate solution and 10% sodium sulfite solution, dried,
and evaporated in vacuo. The residue was dissolved in dichloro-
methane and chromatographed on a 125-g silica gel column. Elution
with chloroform and chloroform-ethyl acetate mixtures gave suc-
cessively 3.5 g of unreacted starting material and 1.7 g (25.6%) of TLC
pure 12a. Two recrystallizations from acetone-hexane gave the ana-
lytical sample, mp 191-192.5 °C.

Anal. Caled for Co6H3sFOs: C, 63.15; H, 7.13; F, 3.84. Found: C,
63.17; H, 6.84; F, 3.84.

21-(Acetyloxy)-9-fluoro-5'¢,118-dihydroxypregn-4-eno-
[16a,17-b][1,4]dioxane-3,20-dione (21). A solution of 20.1 g of crude
12a in 300 mL of tetrahydrofuran was stirred with a solution of 30 g
of periodic acid in 75 mL of water for 6.75 h. The solution was diluted
with water and extracted with chloroform. The chloroform extract
was washed with 5% sodium bicarbonate solution, dried, and evapo-
rated in vacuo to give 18.2 g of crude product. This material was dis-
solved in 60 mL of dichloromethane and chromatographed on a 450-g
silica gel column. Fractions of 250 mL were collected as the column
was eluted successively with 3 L each of dichloromethane, chloroform,
and 19:1 chloroform-ethyl acetate. Fractions 17-21 were combined
and evaporated in vacuo to give 4.4 g of recovered 10a. Fractions 23-31
were combined and evaporated in vacuo to give 8.1 g of slightly impure
21 (53.2%). A portion of this material was recrystallized from ace-
tone-hexane and then from acetonitrile to give the analytical sample,
mp 205-208 °C.

Anal. Caled for CosH33FOg: C, 62.10; H, 7.50; F, 3.93. Found: C,
62.22; H, 7.28; F, 3.69.

21-(Acetyloxy)-9-fluoro-2',3’-dihydro-118-hydroxypregn-
4-eno[16a,17-b][1,4]dioxin-3,20-dione (18a). A slurry of 100 mg
of TsOH in 250 mL of benzene was distilled to a volume of 200 mL and
1.0 g (0.0021 mol) of 15a added. The resulting solution was refluxed
with a Dean-Stark trap filled with Linde 4A molecular sieves for 24
h under nitrogen. The solution was then cooled, diluted with chloro-
form, washed with 5% sodium bicarbonate solution, and dried. The
residue obtained on solvent removal in vacuo was chromatographed
on a 20-g silica gel column. Elution with 1:1 dichloromethane-chlo-
roform gave 510 mg (53%) of TLC pure 18a. T'wo recrystallizations
from acetone—hexane gave the analytical sample, mp 231-240 °C
dec.

Anal. Caled for CosH3FO7: C, 64.92; H, 6.76; F, 4.11. Found: C,
64.64; H, 6.54; F, 3.90.

9-Fluoro-118-hydroxy-1'a-methylandrost-4-eno[178,16a-e]-
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2,7,9-trioxabicyclo[3.3.1Jnonane-3,4'-dione (20b). A slurry of 150
mg of TsOH in 600 mL of benzene was distilled to a volume of 500 mL,
Linde 4A molecular sieves added to the trap, and the solution refluxed
for 30 min. The solution was cooled and 775 mg of 17b (prepared in
96% yield by hydrolysis of 18b with 10% aqueous potassium carbonate
in methanol) added. The resulting slurry was refluxed for 1 h and the
benzene evaporated in vacuo. The residue was dissolved in chloroform,
washed with 5% sodium bicarbonate solution and water, dried, and
evaporated in vacuo. The residue was dissolved in chloroform and
chromatographed on a 40- g silica gel column, Elution with chloroform
gave 580 mg (74.8%) of material that was recrystallized twice from
acetone-hexane to give the analytical sample of 20b (375 mg), mp
248-256 °C dec.

Anal. Caled for Co4H31FOg: C, 66.34; H, 7.19; F, 4.37. Found: C,
66.06; H, 7.18; F, 4.18.

9-Fluoro-5'¢,118,21-trihydroxypregn-4-eno[16a,17-b][1,4]-
dioxane-3,20-dione (22). A solution of 1.6 g (0.0031 mol) of 28 in 200
mL of tetrahydrofuran was refluxed with 20 mL of 1 N hydrochloric
acid for 3 h. The solution was cooled, evaporated in vacuo to one-third
the original volume, and diluted with water. The resulting solid was
filtered and dried in vacuo to give 800 mg (58.9%) of product. Re-
crystallization from methanol gave 350 mg of 22, mp 260-262 °C
dec.

Anal. Caled for Co3H3FO7: C, 63.00; H, 7.13; F, 4.33. Found: C,
62.96; H, 7.07; F, 4.48.

21-(Acetyloxy)-9-fluoro-118-hydroxypregn-4-eno[16a,17-
b][1,4]dioxane-3,5',20-trione (23). A solution of 1.2 g (0.0025 mol)
of 21 in 250 mL of toluene, slurried with 22 g of Fetizon’s reagent,!?
was distilled to a volume of 200 mL. The resulting slurry was refluxed
under nitrogen for 12.5 h, cooled, and filtered, and the solid washed
well with chloroform. The filtrate and washings were combined and
evaporated in vacuo, and the residue was chromatographed on a 40-g
silica gel column. Elution with chloroform gave 270 mg (22.6%) of oil,
which crystallized from acetone-hexane to give 181 mg of TLC pure
solid. Recrystallization from acetone-hexane gave the analytical
sample of 23, mp 217-220 °C dec.

Anal. Caled for CosHg1FOg: C, 62.75; H, 6.53; F, 3.97. Found: C,
62.61; H, 6.53; F, 3.73.

5'¢-Ethoxy-9-fluoro-118,21-dihydroxypregn-4-eno[16«,17-
b][1,4]dioxane-3,20-dione (24). A slurry of 100 mg of TsOH in 250
mL of benzene was distilled to 200 mL and Linde 4A molecular sieves
added to the trap. After 30 min at reflux, the solution was cooled and
2 g (0.0039 mol) of 28 added. The resulting slurry was refluxed for 2
h under nitrogen, cooled, diluted with chloroform, washed with 5%
sodium bicarbonate solution and water, dried, and evaporated. The
crude residue (2.25 g) was dissolved in chloroform and chromato-
graphed on a 100-g silica gel column. Elution with chloroform and 4:1
chloroform-ethyl acetate gave a total of 1.33 g (73.5%) of TLC pure
material. Two recrystallizations from acetone—hexane (the last with
charcoal) gave the analytical sample of 24, mp 248-250 °C dec.

Anal. Caled for CosH3sFO7: C, 64.64; H, 7.16; F, 4.10. Found: C,
64.75; H, 7.02; F, 3.95.

5',21-Bis(acetyloxy)-9-fluoro-118-hydroxypregn-4-eno-
[16a,17-b][1,4]dioxane-3,20-dione (25). A solution of 1.3 g of 22 in
10 mL of pyridine was kept for 4 h at ambient temperature with 5 mL
of acetic anhydride. The solvent was removed in vacuo and the residue
dissolved in chloroform, washed with dilute hydrochloric acid, and
dried. The solvent was removed in vacuo and the residue dissolved
in chloroform and chromatographed on a silica gel column. Elution
with chloroform gave 506 mg of TLC pure material. Recrystallization
from acetone-hexane gave the analytical sample of 25, mp 195-197
°C.

Anal. Calcd for Co7H3sFOq: C, 62.42; H, 6.21; F, 3.66. Found: C,
62.37; H, 6.44; F, 3.61.

21-(Acetyloxy)-9-fluoro-118-hydroxypregn-4-enof 16a,17-
b](1,4]dioxane-3,20-dione (26). A solution of 521 mg (0.000 93 mol)
of 31 (prepared as described below for 34 by reaction of 6 with 36
followed by acetylation, hydrolysis, and mesylation) in 40 mL of di-
methyl sulfoxide was stirred at 110 °C under nitrogen for 2 h with 600
mg of sodium bicarbonate {dried at 110 °C in vacuo). The solution was
cooled, poured into 5% hydrochloric acid, and extracted with chlo-
roform. The chloroform extract was washed twice with 2% hydro-
chloric acid, dried, and evaporated in vacuo to give 421 mg of oil. This
material was chromatographed on a 20-g silica gel column, Elution
with chloroform gave 331 mg (76.6%) of TLC pure material which
solidified. Recrystallization from acetone-hexane gave 215 mg, mp
275-280 °C dec.

Anal. Caled for CasHa3FO7: C, 64.64; H, 7.16; F, 4.09. Found: C,
64.59; H, 7.21; F, 3.98.

16a-(2,2-Diethoxyethoxy)-9-fluore-118,17,21-trihydroxy-
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pregn-4-ene-3,20-dione (28). A solution of 2,2-diethoxy-1-dia-
zoethane (prepared!! from 0.0935 mol of N-2,2-diethoxyethylurea)
in 300 mL of 3:2 ether-pentane was diluted with 100 mL of methanol
and stirred at 0 °C. A total of 5.5 g (0.013 mol) of 6 was added in por-
tions until nitrogen evolution stopped. The solvent was removed in
vacuo and the residue recrystallized from methanol to give 3.4 g (51%)
of slightly impure material. This was dissolved in chloroform and
chromatographed on an 80-g silica gel column. Elution with chloro-
form gave 2.95 g, which was recrystallized from acetone-hexane to
give the analytical sample (2.6 g), mp 208-210 °C.,

Anal. Caled for Co1Hy1FOg: C, 63.26; H, 8.07; F, 3.71. Found: C,
63.03; H, 7.86; F, 3.79.

21-Chloro-9-fluoro-118,17-dihydroxy-16a-(2-mesyloxyeth-
oxy)pregna-1,4-diene-3,20-dione (34). Reaction of 7 with 36 as
described for 6 and 8a gave 32 (mp 168-170 °C, 51.8%). Hydrolysis
of 32 was effected by stirring a 5% solution in acetic acid-water (2:1)
for 6 h, diluting with water, and recrystallizing the resulting solid from
acetone-hexane to give the alcohol 33 (mp 226-228 °C, 53%).

A solution of 1.5 g (0.003 28 mol) of 33 in 25 mL of pyridine was
cooled to 0 °C and 0.6 mL of methanesulfonyl chloride added. After
2 h the mixture was poured into cold dilute hydrochloric acid and
extracted with chloroform. The chloroform solution was dried and
evaporated in vacuo to 2.0 g of crude mesylate 34,

21-Chloro-9-fluoro-118-hydroxypregna-1,4-dieno[16a,-
17b][1,4]dioxane-3,20-dione (27). A solution of 2.0 g of crude 34 in
100 mL of dimethyl sulfoxide was stirred at 110 °C under nitrogen
with 2.0 g of sodium bicarbonate (dried at 110 °C in vacuo). After 1
h the slurry was cooled, poured into 2 L of 2.5% hydrochloric acid, and
extracted with chloroform. The chloroform solution was washed twice
with dilute hydrochloric acid, dried, and evaporated in vacuo to give
1.4 g of crude product. This material was dissolved in chloroform and
chromatographed on a 100-g silica gel column. Elution with chloro-
form gave 880 mg (62%) of material which crystallized from metha-
nol-chloroform to give 405 mg of the analytical sample of 27, mp
320-321 °C dec.

Anal. Caled for Co3H2sCIFOs: C, 62.94; H, 6.43; Cl, 8.08; F, 4.33.
Found: C, 62.73; H, 6.20; Cl, 8.27; F, 4.27.

16a-(Acetyloxy)-9-fluoro-17,21-epoxy-118-hydroxypreg-
na-1,4-diene-3,20-dione (38). A solution of 3.0 g (0.0058 mol) of 37
(prepared by mesylation of triamcinolone 16-acetate!”) in 70 mL of
dimethyl sulfoxide was stirred at 130 °C under nitrogen for 2 h with
3.0 g of sodium bicarbonate (dried at 110 °C in vacuo). The reaction
mixture was cooled, poured into cold 5% hydrochloric acid, and ex-
tracted with chloroform. The chloroform extract was dried and
evaporated to give 4.2 g of oil, This was chromatographed on a 110-g
silica gel column. Elution with 9:1 chloroform-hexane gave 1.1 g
(45.2%) of TLC pure solid. Two recrystallizations from acetone-
hexane gave the analytical sample of 38, IR (KBr) 1810 cm™!, mp
286-287 °C dec.

Anal. Caled for Co3H27FQg: C, 66.01; H, 6.54; F, 4.54. Found: C,
65.78; H, 6.64; F, 4.33.

Acknowledgment. The authors are indebted to their col-
leagues Mr. J. Alicino and associates for analytical data and

J. Org. Chem., Vol. 42, No. 18, 1977 3039

Dr. A. 1. Cohen and associates for spectroscopic data. The CD
spectra were obtained through the courtesy of Professor J.
Fried.

Registry No.—6, 2795-82-6; 7, 57331-55-2; 8a, 2032-04-4; 9a,
59648-65-6; 10a, 57517-40-5; 12a, 57331-44-9; 13b epimer I, 63038-
22-2; 13b epimer 11, 62990-39-0; 15a, 62973-53-9; 17b, 57331-22-3; 18a,
57331-24-5; 18b, 57331-21-2; 21, 57372-75-5; 22, 57331-30-3; 23,
57331-35-8; 24, 57331-27-8; 25, 57331-31-4; 26, 60882-09-9; 28,
60882-11-3; 31, 57331-68-7; 32, 60882-13-5; 34, 57331-76-7; 36,
57331-64-3; 37, 5168-33-2; 38, 4982-55-2; 21-chloro-9-fluoro-
118,16a,17-trihydroxypregna-1,4-diene-3,20-dione, 805-95-8; boric
oxide, 1303-86-2; 2,2-diethoxy-1-diazoethane, 3846-60-4; triamci-
nolone,16-acetate, 3925-42-6.

References and Notes

(1) Triamcinolone: 9-fluoro-1183,16«,17,21-tetrahydroxypregna-1,4-diene-
3,20-dione.

(2) L.H 3Sarett, A. A. Patchett, and S. L. Steeiman, Prog. Drug Res., 5, 11-154
(1963).

(3) 16,17-Cycloborates: L. L. Leeson, J. A. Lowery, G. M. Sieger, and S. Muller,
J. Pharm. Sci., 50, 193-197 (1961).

(4) 16,17-Cyclocarbonates: J. Fried, U.S. Patent 3 069 420 (1962).

(5) 16,17-Cyclophosphates and -cyclophosphonates: J. Fried, U.S. Patent
3 069 439 (1962).

(6) 16,17-Cyclosuifites and -cyclosulfates: J. Fried, U.S. Patent 3 069 418
1962

(7) Methylation of triamcinolone 21-acetate with diazomethane catalyzed by
fluoroboric acid gives the 16«-methoxy derivative in low yield: M. Heller
and S, Bernstein, J. Org. Chem., 32, 1264-1265 (1967); methylation of
the 20-ethylene ketal [G. R. Alien, Jr., and N. A. Austin, J. Org. Chem., 26,
4574-4583 (1961)] has also been described.

(8) J. Fried and G. H. Thomas, U.S. Patent 3 043 855 (1962).

(9) J. L. Brewbaker and H. Hart, J. Am. Chem. Soc., 91, 711~715 (1969).

(10) V. Balogh, M. Fetizon, and M. Golfier, Angew. Chem., Int. Ed. Engl., 8,
444-445 (1969).

(11) W. Kirmse and M. Buschoff, Chem. Ber., 100, 1491-1506 (1967).

(12) V. H. Maddox, E. P. Godefroi, and R. F. Parcell, J. Med. Chem., 8, 230-235
(1965).

(13) A. T. Rowland, P. J. Bennett, and T. S. Shoupe, J. Org. Chem., 33,
2426-2436 (1968).

(14) E. L. Eliel "Stereochemistry of Carbon Compounds'’, McGraw-Hill, New
York, N.Y., 1962, pp 198-203.

(15) N. L. Wendler and D. Taub, J. Am. Chem. Soc., 82, 2836-2840 (1960).

{16) N. 8. Bhacca and D. H. Williams, **Applications of NMR Spectroscopy in
Organic Chemistry”, Holden-Day, San Francisco, Calif., 1964, pp 57-
61

(17) N.R. Trenner, B. H. Arison, D. Taub, and N. L., Wendler, Proc. Chem. Soc.,
214-216 (1961).

(18) P. Crabbe, “Applications de la Dispersion Rotatoire Optique et du Di-
chroisme Circulaire Optique en Chimie Organique”, Gauthier-Villars, Paris,
1968, pp 264-270.

(19) S. Bernstein, R. B. Brownfield, R. H. Lenhard, S. Mauer, and I. Ringler, J.
Org. Chem., 27, 690-692 (1962),

(20) S.F.Reed, Jr., J. Org. Chem., 30, 3258 (1965).

(21) E. B. Sokolova, M, P. Shebanova, and A. P. Mrnkova, Zh. Obshch. Khim.
(Engl. Transl.), 30, 2137-2140 {1960).

(22) R. Vitall and R. Gardi, Steroids, 8, 537-546 (1966).



