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As pyrolysis temperatures were raised from 556 to 697 °C, the
ratio of methylsilylene to silene products, 2:3, increased from 1.2
to S.1. While the decrease in silene products and increase in
methylsilylene products might be attributed to isomerization of
silene to methylsilylene,!? it is also possible that the change in
product ratios may originate from a branching step prior to silene
formation (vide infra).

It is of interest to consider these results in light of the recent
work of Barton and co-workers,!! who demonstrated that 1-
methylsilene, generated thermally at 450 °C from a methyl-
silabicyclooctadiene, adds to dienes in the typical Diels—Alder
fashion. These authors suggested that formation of a methyl-
substituted silylene from a hydridosilacyclobutane might be ac-
commodated by the following sequence (eq 4): ring opening of
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4 via C-C bond cleavage affords the 1,4-biradical 8§, which
isomerizes to the 1,3-biradical 6. Homolysis of another Si—~C bond
in 6 can account for a methylsilylene (7) and ethylene. The key
step, a 1,2-hydrogen shift from silicon to carbon (5 — 6), is
expected to be exothermic by roughly 8 kcal/mol.!? If the barrier
height for this hydrogen shift were less than the barrier for
cleavage of the opposing silicon—carbon bond, a methylsilylene
could be formed without intervention of a silene.

Although both reaction sequences 5 — 6 — 7 and 5§ — 8 —
7 are reasonable pathways leading to methylsilylene, an analysis
of the temperature dependence of methylsilylene to silene products
ratios, 2:3, permits a distinction. The major decomposition
pathway of 4 likely involves the 1,4-biradical 5. Subsequent
isomerization to give the 1,3-biradical 6 or fragmentation to give
the silene 8 would be expected to proceed with low and comparable
activation energies.'* However, the activation entropy for the
1,2-H shift from 5 to 6 is likely to be significantly lower than the
entropy of fragmentation to 8. Therefore, over the relatively large
temperature range 556-697 °C, the change in relative rates of
fragmentation to isomerization should be determined by entropy
and favor the silene pathway. We observe the opposite, a con-
siderable decrease in silene products and an increase in methyl-
silylene products. Consistent with our observation is the isom-
erization of silene to methylsilylene in the high-temperature range.

It is important to point out that the kinetic arguments presented
here for rapid isomerization of silene to methylsilylene at these
temperatures are not in conflict with the theoretical studies of
Schaefer'# nor the experimental contributions of Barton.!!
Currently our efforts are directed toward elucidating the reversible
reaction pathway between hydridosilenes and hydrido-
silacyclobutanes and measuring the activation barrier for the
isomerization.!

(10) Conlin, R. T.; Wood, D. L. J. Am. Chem. Soc. 1981, 103, 1943, In
our initial report on the thermal decomposition of 1-methylsilacyclobutane,
all pyrolyses were conducted at 650 °C, where only dimethylsilylene products
were detected. At lower temperature, 556 °C, adducts from methylsilene and
methylsilylene to butadiene are formed. The product ratios from both me-
thylsilacyclobutane and silacyclobutane are approximately the same at 556
°C. Furthermore, control experiments indicate that products are stable during
the reaction conditions.

(11) Barton, T. J.; Burns, S. A.; Burns, G. T. Organometallics 1982, 1,
210.

(12) Walsh, R. Acc. Chem. Res. 1981, 14, 246.

(13) Differences as large as 10 kcal/mol for these pathways do not affect
the argument.

(14) Schaefer, H. F. Acc. Chem. Res. 1982, 15, 283.

(15) Subsequent to the submission of this paper, we have observed the
isomerization of methylsilene, generated from methylsilabicyclo[2.2.2]octa-
diene at high temperature. Conlin, R. T.; Kwak Y. W', manuscript in prep-
aration.
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The recognition that 25-hydroxycholecalciferol (2) and
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la,25-dihydroxycholecalciferol (3) exhibit increased calcium
transport, bone mineral mobilization, and calcification relative
to vitamin D, (1) has generated interest in the synthesis of 25-
hydroxy-substituted cholestanes. Considerable synthetic activity
has focused on the partial synthesis' of (20R)-25-hydroxychole-
sterol (4), which as served as a progenitor of 22 and 3.3 We report
a new partial synthesis of 4 from pregnenolone (5) that employs
a new approach for assembling steroid side chains and relies on
an intriguing dienol rearrangement to transform a C-20 hydroxy
steroid to a C-25 hydroxy steroid.

We have investigated an approach to the cholestane side chain
based on the sequential construction of the C-20,22 and C-24,25
bonds as summarized in Scheme I. Metalation of 1-(methyl-
thio)-1-(trimethylsilyl)-2-propene* (6) using sec-butyllithium (1.3

(1) (a) Dauben, W. G.; Bradlow, H. L. J. Am. Chem. Soc. 1950, 72, 4248,
(b) Ryer, A. I.; Gebert, W, H.; Murrill, N. M. Ibid. 1950, 72, 4247. (c)
Bergmann, W.,; Dusza, J. P. J. Org. Chem. 1958, 23, 459. (d) Beckwith, A.
L. J. Proc. Chem. Soc. 1958, 194, (e) Beckwith, A. L. J. J. Chem. Soc. 1961,
3162. (f) Campbell, J. A.; Squires, D. M.; Babcock, J. C. Steroids 1969, 13,
567. (g) Varma, K. R.; Wickramasinghe, J. A. F; Caspi, E. J. Biol. Chem.
1969, 244, 3951. (h) van Lier, J. E.; Smith, L. L. J. Org. Chem. 1970, 35,
2627. (i) Morisaki, M.; Rubio-Lightbourn, J.; Tkekawa, N. Chem. Pharm.
Bull. 1973, 21, 457. (j) Partridge, J. J., Jr.; Faber, S.; Uskokovi¢, M. R. Helv.
Chim. Acta 1974, 57, 764. (k) Narwid, T. A.; Cooney, K. E.; Uskokovi¢, M.
R. Ibid. 1974, 57, 771. (1) Rotman, A.; Mazur, Y. J. Chem. Soc., Chem.
Commun. 1974, 15. (m) Wicha, J.; Bal, K. Ibid. 1978, 968. (n) Salmond,
W. G.; Maisto, K. D. Tetrahedron Lett. 1977, 987. (o) Salmond, W. G_;
Sobala, M. C.; Maisto, K. D. Ibid. 1977, 1237. (p) Salmond, W. G.; Sobala,
M. C. Ibid. 1977, 1695. (q) Salmond, W. G.; Barta, M. A; Havens, J. L.
J. Org. Chem. 1978, 43, 790. (r) Segal, G. M.; Torgov, 1. V. Bioorg. Khim.
1979, 5, 1668. (s) Ochi, K.; Matsunaga, I.; Shindo, M.; Kaneko, C. Chem.
Pharm. Bull. 1979, 27, 252. (t) Cohen, Z.; Mazur, Y. J. Org. Chem. 1979,
44, 2318.

(2) (a) Blunt, J. W.; DeLuca, H. F. Biochemistry 1969, 8, 671. (b)
Halkes, S. I.; Van Vliet, N. P. Recl. Trav. Chim. Pays-Bas 1969, 88, 1080.
See also ref 1f.

(3) Barton, D. H. R.; Hesse, R. H.; Pechet, M. M.; Rizzardo, E. J. Chem.
Soc., Chem. Commun. 1974, 203.

(4) Compound 6 was prepared from allyl methyl thioether according to
Kyler and Watt (Kyler, K. S.; Watt, D. S. J. Org. Chem. 1981, 46, 5182).

(5) All new compounds had satisfactory IR, NMR, and mass spectral and
C, H combustion (or high-resolution mass spectral) data.
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equiv, 10% HMPA-THF, -78 °C, 2 h) and condensation with
the tetrahydropyranyl ether® 7 of pregnenolone furnished regio-
and stereoselectively the a-(trimethylsilyl)thioenol ether® 8 in 54%
yield. The 20S and 23Z stereochemistry in 8 was assigned by
comparion to similar adducts obtained previously.* Conversion
of 8 to a dianion 9 (1.5 equiv of sec-butyllithium, 10% HMPA-
THF, -78 °C, 2 h) and a regioselective Peterson olefination
reaction at C-24 in 9 using acetone (30 equiv, inverse addition,
0 °C) furnished the dienol® 10 in 80% yield. This dienol synthesis
involving the coupling of 6 with two different carbonyl compounds
is a general process, as illustrated in Table 1.5

Dienol rearrangements?® in systems bearing terminal alkoxy’
or halogen substituents'® lead to unsaturated carbonyl compounds.
Analogous rearrangements in systems bearing an internal sub-
stituent such as the methylthio group in 10 have not been in-
vestigated in detail. Exposure of dienol 10 to nickel chloride (2
equiv) in 40% aqueous tert-butyl alcohol at 60 °C for 24 h led
to the rearranged dienol 11 in 70% yield. In contrast, simple
Bronsted acids led to a 20,22,24-triene® as the predominant
product. Other Lewis acids including nickel acetate, nickel bis-
(acetylacetonate), palladium chloride, and cupric acetate were
less effective than nickel chloride for reasons that, at the moment,
are obscure. The 20(22)E,23Z stereochemistry in 11 was ten-
tatively assigned on the basis of the following 'H NMR obser-
vations: (1) the absence of long-range coupling!* between the C-21

(6) (a) Lettré, H.; Greiner, J; Rutz, K.; Hofmann, L.; Egle, A.; Bieger,
W. Liebigs Ann. Chem. 1972, 758, 89. (b) Bottin, J.; Fétizon, M. Bull. Chim.
Soc. Fr. 1972, 2344.

(7) (a) Peterson, D. J. J. Org. Chem. 1968, 33, 780. (b) Hudrlik, P. F.;
Peterson, D. J. Am. Chem. Soc. 1975, 97, 1464.

(8) (a) de la Mare, P. B. D. “Molecular Rearrangements”; de Mayo, P.,
Ed.; Interscience: New York, 1963; Vol. 1, Chapter 2. (b) von Brachel, H,;
Bahr, V. “Methoden der Organischen Chemie (Houben-Weyl)”; Georg
Thieme Verlag: Stuttgart, 1970; Band V/Ic, pp 421 f.

(9) Inhoffen, H. H.; Siemer, H.; Mohle, K.-D. Liebigs Ann. Chem. 1954,
585, 126.

(10) (a) Julia, M. Bull. Soc. Chim. Fr. 1951, C13. (b) Julia, M; Bullot,
J. Bull. Soc. Chim. Fr. 1960, 28. (c) Zakharkin, L. I.; Sorokina, L. P. Izv.
Akad. Nauk SSSR, Otdel. Khim. Nauk 1959, 936 [Chem. Abstr. 1960, 54,
1402¢]. (d) Zakharkin, L. I.; Sorokina, L. P. Ibid. 1960, 1583 [Chem. Abstr.
1961, 55, 9276g].
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Table I. Sequential Condensation of 1-(Alkylthio)- or
1-(Arylthio)-1-(trimethylsilyl)-2-propenes with Carbonyl
Compounds and Dienol Rearrangements Promoted by
Nickel Chloride

SR
HO .
SR | sec-CaHgli R R’
= 2 RpC=0—i N NiCl5, R"'OH
3 sec-CgHgli ! i
TMS | Gyemo R R
6 ii
SR
R\'/\/j\KR
. OR"
R' R
isolated
yields, %
R R,'C=0 R,"C=0 ROH i i iii
CH, cyclododecanone  acetone 62 79
n-C,H, cyclododecanone acetone 50 63
C¢H; cyclododecanone  acetone H,0¢ 59 37 44
CH, 7 acetone H,0°¢ 54 80 70
CH, 7 acetone H,0¢ 57 54 73
CH, 7 3-pentanone 57 60
C.H, 68-methoxy-3a,5a- acetone 53 73
cyclopregnan-20-
one
C,H,  3p-methoxy-5- acetone H,0°? 59 39 46

pregnen-20-one

C,H,  3p-methoxy-5- acetone CH,0H 59 39 84
pregnen-20-one
C,H,  3p-methoxy-5- acetone C,H,OH 59 39 68

pregnen-20-one

% Experiments leading to rearranged dienols were conducted in
40% aqueous fert-butyl alcohol.

methyl and C-22 vinyl proton in 11; (2) the small, downfield
chemical shift of the C-23 vinyl proton in the methylsulfinyl and
methylsulfonyl derivatives>!2 obtained from the oxidation of 11;
(3) the trans coupling of the C-23 and C-24 vinyl protons in the
desulfurized dienol® derived from the deactivated Raney nickel!?
reduction of 11. The rearrangement process appears to be general
in that various dienols bearing methylthio or phenylthio sub-
stituents undergo analogous rearrangements and various solvents
such as methanol or ethanol lead to rearranged products® bearing
terminal methoxy or ethoxy groups, respectively, as summarized
in Table 1.

Stereoselective reduction!®!3 of the rearranged dienol 11 using
Raney nickel in ethanol at 50 °C and methanolysis of the tet-
rahydropyranyl ether 12 provided (20R)-25-hydroxycholesterol
(4) in 52% yield. The synthetic material was identical with an
authentic sample. Reduction of 11 using deactivated Raney nickel
indicated that the rate of reduction of the functionality in 11
decreased in the following order: CH;S > A2 > A20022) 3 AS,
The high degree of C-20 stereoselectivity observed in the reduction
of 11 (20R:20S = 4:1) is also consistent with the 20(22)E ster-
eochemistry in 11, which in related systems'# led to a predomi-
nance of the 20R diastereomer. In summary, we have developed
an efficient, six-step synthesis of (20R)-25-hydroxycholesterol (4)
from pregnenolone (5) that illustrates both a new method for
cholestane synthesis as well as a useful dienol rearrangement.

(11) (a) Whipple, E. B,; Goldstein, J. H.; McClure, G. R. J. Am. Chem.
Soc. 1960, 82, 3811. (b) Bates, R. B.; Carnigham, R. H,; Rakutis, R. O.;
Schauble, J. H. Chem. Ind. (London) 1962, 1020.

(12) Matter, V. E.; Pascual, C.; Pretsch, E.; Pross, A.; Simon, W,
Sternhell, S. Tetrahedron 1969, 25, 691.

(13) Rosenkranz, G.; Kaufmann, St.; Romo, J. J. Am. Chem. Soc. 1949,
71, 3689.

(14) (a) Schmit, J. P.; Piraux, M.; Pilette, J. F. J. Org. Chem. 1975, 40,
1586. (b) McMorris, T. C.; Schow, S. R. Ibid. 1976, 41, 3759. See also ref
In.

(15) Piatak, D. M.; Wicha, J. Chem. Rev. 1978, 78, 199.
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Pseudomonic acids A (1a), B (1b), and C (1¢) are members
OH oH
OR 17 Ho\ésy~ 3 >~1LOR
H 7
\‘/\%\.\«-R’ \/%( mﬁ:’/‘}\/“/‘?\Q 5“ QO n

OH OH

1a R={CHzyCOOH , ReH
18 R:(CH2)gCOOH , R:OH

HGO,

e RACHZ)gCOOH
1d Ra{CH2)gCOOMe
1e Ra EV

of a new group of metabolites with antimicrobial and antimyco-
plasmal activity, produced by submerged fermentations of a strain
of Pseudomonas fluorescens.' The stability and the natural
scarcity of pseudomonic acid C, which has been isolated? as its
methyl ester 1d, qualify it as an attractive synthetic target. We
report the first enantiospecific total synthesis of 1d, which makes
use of carbohydrates as chiral templates. While this work was
in progress, total syntheses of (&)-pseudomonic acid C emerged.**

(1) Alexander, R. G.; Clayton, J. P.; Luk, K.; Rogers, N. H.; King, T. J.
J. Chem. Soc., Perkin Trans. 1 1978, 561.

(2) Chain, E. B.; Mellows, G. J. Chem. Soc., Perkin Trans. 1 1977, 318.

(3) Clayton, J. P.; O’Hanlon, P. J.; Rogers, N. H. Tetrahedron Lett. 1980,
21, 881.

(4) Kozikowski, A. P.; Schmiesing, R. J.; Sorgi, K. L. J. Am. Chem. Soc.
1980, 102, 6577.

(5) Snider, B. B.; Phillips, G. B. J. Am. Chem. Soc. 1982, 104, 1113,
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(d) MeONa, CHCL,, room temperature, 24 h, quantitative.
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@ Reagents: (a) Reference 24; (b) DCCI-DMSO-TFA-pyridine,
room temperature, 2 h; (¢) LiAlH,, Et,0, 0 °C, 30 min, 95% from
7:(d) TBDMSC), imidazole, DMF, room temperature, 12 h, 83%;
(e) NBS, BaCO,, CCl,, 80 °C, 1.5 h, 75%; (f) acid washed Zn (100
equiv) 9:1 propanol-water (v/v), 80 °C, 30 min; (g) NaBH,, I:tOH,
-35°C, 30 min, 50% from 10; (h) (1) TsCl, pyridine, room tem-
perature, 12 h, (2) Nal, H,CC(O)C,H,, 80°C, 10 h, (3) NaBH,,
Me, SO, room temperature, 12 h, 60%; (i) MeONa, MeOH, room
temperature, quantitative; (j) SOCl,, pyridine, 0 °C, 1.5 h, 88%.

Other synthetic efforts have been published,® giving evidence of
the popularity of this target.

The crystalline cyanide 2, readily available’ from D-xylose, was
converted into the ester 3,2 then into the acetal 4. Tosylation of
4 produced 5, which was next quantitatively converted into the
epoxide 6, as illustrated in Scheme I. No trace of the isomeric
epoxide was present in the reaction mixture.’

Our approach was based on the idea that the rigid tricyclic
epoxide 6 would probably undergo a regiospecific opening upon
treatment with a suitable allylic anion, thus adorning the core with
the left side appendage. With this idea in mind we then prepared
the chiral chloride 14 from D-glucose, as shown in Scheme II. The
key reaction of this sequence was the treatment of the bromide
10 with activated zinc,'” generating an aldehyde which was reduced
into the alcohol 11.

The copper-catalyzed!'! (Cul) ring opening of epoxide 6 with
Grignard reagent derived from 14 (2 equiv, THF, =30 °C, 10 min)

(6) (a) Raphael, R. A ; Stibbard, J. H. A,; Tidbury, R. Tetrahedron Lett.
1982, 23, 2407. (b) Fleet, G. W. J; Gough, M. J. Ibid. 1982, 23, 4509.

(7) Helferich, B.; Ost, W, Ber. Dtsch. Chem. Ges. 1962, 95, 2612.

(8) Satisfactory NMR and analytical data (combustion and/or mass
spectral analyses) have been obtained for all compounds. The complete data
will appear in a full paper.

(9) Unambiguous stereostructural assignments of the epoxide 6 are re-
ported in the supplementary material.

(10) Bernet, B; Vasella, A. Helv. Chim. Acta 1979, 62, 1990. Nakane,
M.; Hutchinson, C. R.; Gollman, H. Tetrahedron Lett. 1980, 21, 1213.

(11) Huyn, C.; Derguini-Boumechal, F.; Linstrumelle, G. Tetrahedron
Lert. 1979, 20, 1503.
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