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Facile Diastereoselective Ester Enolate Claisen
Rearrangements of Allyl Fluoroacetates

Summary: The diastereoselective ester enolate Claisen
rearrangement of allyl fluoroacetate esters results from
stereoselective deprotonation of the ester to form the E
enolate.

Sir: The power and the utility of the Claisen rearrange-
ment has led to its popular use in synthesis.! The Ireland
ester enolate Claisen rearrangement has extended the
applicability of the rearrangement by facilitating its em-
ployment in convergent approaches.? It is well established
that the reaction is tolerant of « substitution.? The effect
of fluorination on sigmatropic rearrangement has been
reported in only a few cases, and the effect of fluorination
on the Claisen rearrangement in particular has not pre-
viously been described. We were therefore pleased to find
that ally! fluoroacetates undergo a facile and diastereose-
lective ester enolate Claisen rearrangement which may
have general synthetic utility.
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In our studies of the synthetic utility of the ester eno-
lates of fluoroacetic acid, we were frustrated by the poor
diastereoselectivity of these reagents in directed aldol re-
actions.* In the Claisen rearrangement, we observed that

(1) Reviews: (a) Hill, R. K. In “Asymmetric Synthesis”; Morrison, J.
D., Ed.; Academic Press: Orlando, FL, 1984; Vol. 5, 503-572. (b) Bartlett,
P. A. Tetrahedron 1980, 36, 2-72. (c) Bennett, G. B. Synthesis 1977,
589-606. (d) Ziegler, F. E. Acc. Chem. Res. 1977, 10, 227-323.

(2) (a) Ireland, R. E.; Mueller, R. H.; Willard, A. K. J. Am. Chem. Soc.
1976, 98, 2868-2877. (b) Ireland, R. E.; Courtney, L.; Fitzsimmons, B.
J. Org. Chem. 1983, 48, 5186-5198. (c) Martinez, G. R.; Grieco, P. A,;
Williams, E.; Kanai, K.; Srinivasan, C. V. J. Am. Chem. Soc. 1982, 104,
1436-1438. (d) Ireland, R. E.; Daub, J. P.; Mandel, G. S.; Mandel, N. S.
J. Org. Chem. 1983, 48, 1312-1325. (e) Danishefsky, S.; Funk, R. L.;
Kerwin, J. F. J. Am. Chem. Soc. 1980, 102, 6889-6891. (f) Bartlett, P.
A.; Barstow, J. F. J. Org. Chem. 1982, 47, 3933-3941. (g) Bartlett, P. A.;
Tanzella, D. J.; Barstow, J. F. J. Org. Chem. 1982, 47, 3941-3945,

(3) (a) Ireland, R. E.; Varney, M. D. J. Am. Chem. Soc. 1984, 106,
3668-3670. (b) Curran, D. P.; Suh, Y.-G. J. Am. Chem. Soc. 1984, 106,
5002-5004. (c) Fujisawa, T.; Tajima, K.; Ito, M.; Sata, T. Chem. Lett.
1984, 1169-1172. (d) Denmark, S. E.; Harmata, M. A. Tetrahedron Lett.
1984, 25, 1543-1546. (e) Carpenter, B. K.; Burrows, C. J. Tetrahedron
Lett. 1981, 103, 6983—6984. (f) Burke, S. D.; Armistead, D. M.; Schoenen,
F. J. J. Org. Chem. 1984, 49, 4320-4322. (g) Kallmerten, J.; Gould, T.
J. Tetrahedron Lett. 1983, 24, 5177-5180. (h) Burke, S. D.; Fobare, W.
F.; Pacofsky, G. J. J. Org. Chem. 1983, 48, 5221-5228.
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excellent diastereoselectivity was possible, as high as 20:1,
as determined by both *C and °F NMR, in good overall
yield. This diastereoselectivity requires the stereoselective
deprotonation of the ester to form only one enolate.
Control experiments where the rearrangement was con-
ducted with excess base demonstrated that the product
trimethylsilyl esters are readily epimerized to a thermo-
dynamic mixture. Previously generation of the enolate of
ethyl fluoroacetate with excess lithium hexamethyl-
disilazide (LHMDS) followed by trapping experiments
with chlorotrimethylsilane indicated that both the E and
Z enolates were being formed.*®

The best diastereoselectivity and yields were obtained
when lithium diisopropylamide (LDA) was used to gen-
erate the enolate.> When formation of the enolate of allyl
fluoroacetates with LHMDS under comparable conditions
was attempted, the yields of rearranged products were
consistently low. Excess LDA masked the diastereose-
lectivity of the rearrangement by epimerizing the products.
The well-documented effect of hexamethylphosphoramide
(HMPA) on the enolate geometry,® promotion of the for-
mation of Z enolates,” was not observed. The addition of
HMPA did degrade the diastereoselectivity of the rear-
rangement slightly (See Table I).

The facile rearrangement of fluorinated substrates
predicted by a number of different criteria was confirmed
by these experiments. The thermodynamic analysis of the
Cope rearrangement of 1,1-difluoro-1,5-hexadiene to 3,3-
difluoro-1,5-hexadiene suggests the energy of activation
is lowered 2.5 kcal /mol relative to the unfluorinated diene,?
with the result of the equilibrium being shifted to favor
formation of 3,3-difluoro-1,5-hexadiene exclusively.
Quantitative observations of NMR spectra of mono-
fluorobullvalene, which undergoes Cope rearrangements,’
suggest the equilibria have also been displaced by fluori-
nation.

Carpenter’s resonance energy model, based upon the
calculated difference in Hiickel w-electron energy for
suitable reactant and transition-state models, predicts =
donors would lower the difference in reaction enthalpy.'
Fluorine, a = donor, would therefore result in an increase
in resonance energy in preceding from the reactant to the
transition-state model, and the rearrangement would be
accelerated.

Comparison of the half-lives of fluoroacetate allyl esters
with published half-lives and rate constants from the lit-
erature demonstrate there is a slight but definite accel-
eration of the rearrangement upon fluorination. The

(4) (a) Welch, J. T.; Seper, K.; Eswarakrishnan, S.; Samartino, J. J.
Org. Chem. 1984, 49, 4720-4721. (b) Welch, J. T.; Samartino, J. S.,
unpublished results.

(8) Typical procedure: To a magnetically stirred, three-necked
round-bottomed flask containing 20 mL of anhydrous THF and 0.0044
mol of lithium diisopropylamide (prepared in the usual manner at 0 °C),
under an inert atomosphere at -100 °C, was added dropwise over 2 min
0.0037 mol of an allyl fluoroacetate dissolved in 5 mL of THF. After 3
min, 0.0044 mol of chlorotrimethylsilane was rapidly added. The mixture
was allowed to warm to 0 °C and then was stirred at 40 °C for 2-4 h. The
reaction mixture was quenched with methanol and was exhaustively
extracted with 5% sodium hydroxide. The combined basic extract was
washed twice with 10 mL of ether and then was acidified with concen-
trated HCl. The product acids were extracted with dichloromethane,
were washed with brine, and were dried over anhydrous magnesium
sulfate. The crude product was isolated by rotary evaporation of the
solvent.

(6) Ireland, R. E.; Willard, A. K. Tetrahedron Lett. 1975, 3975-3978.

(7) E enolates are defined as those in which fluorine is cis relative to
the ester alkyl.

(8) Dolbier, W. R., Jr.; Medinger, K. S.; Greenberg, A.; Liebman, J. F.
Tetrahedron 1982, 38, 2415-2420.

(9) Oth, J. F. M,; Merenyi, R. Tetrahedron Lett. 1968, 3941-3946.

(10) Burrows, C. J.; Carpenter , B. K. J. Am. Chem. Soc. 1981, 103,
6984-6986.
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Table I. Claisen Rearrangement of Fluoroacetate Allyl Ester Enolates
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ester R R’ R” diastereoselectivity base temp, °C % yield
la CH;, H H 3 x LDA -78 88
la CH, H H 0.9 x LDA -100 23
ib H CH, H 1:1 3 X LDA -100 81
1b H CH, H 1:20 1.1 x LDA -100 43
le H H H 3 X LDA -78 72
1d H H CH, 1:1 3 x LHMDS -78 43
1d H H CH;, 2:1 4 X LTMP -18 82
1d H H CH, 2:1 4 X LTMP® -18 76
1d H H CH, 2:1 4 X LTMP? -8
1d H H CH, 21 3 X LDA -100 97
1d H H CH; 2:1 1.1 X LDA® -100
1d H H CH; 2:1 1.1 x LDA® -100
1d H H CH; 4:1 1.2 x LDA -100 65
1d H H CH, 9:1 0.9 X LDA ~100 15

1/, equiv of HMPA. °23% by volume HMPA.

half-life for the rearrangement of 1d at 40 °C was 40 min.
Certainly the observed effect is less than that which would
be expected in comparison with the effect of difluorination
on the Cope rearrangement. Apparently the r-donating
and ¢-withdrawing influence on the = orbital nearly cancel
one and another!!® in the ester enolate Claisen. More
complete studies of the rate of rearrangement are under
way.

Although determination of the diastereoselectivity by
13C and F NMR was straightforward, direct determina-
tion of which acid diastereomer was being preferentially
formed was not possible. Our attempts to isolate the
tert-butyldimethylsilyl ether after trapping with chloro-
tert-butyldimethylsilane or tert-butyldimethylsilyl triflate,
failed. The olefinic acids were subjected to iodo-
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lactonization under the conditions of thermodynamic
control.? Todolactonization of 2b yielded a 4:1 mixture
of 3b to 4b, whereas 2d preferentially formed only 3d as
determined by 'H NMR. The configuration of the lactones
was determined by 2D J-resolved spectroscopy in con-
junction with 13C chemical shift data and F-'H coupling
constants. As expected, the 'H resonance assigned to the
methyl in 3b showed a vy coupling to fluorine of 2.4 Hz,
whereas in 3d no vy coupling was observed. In 3b Jy, y,
= 7.33 Hz and in 3d Jy, 4, = 9.74 Hz in agreement for the
anti and syn relationship of H, and Hy, in 3b and 3d re-

(11) (a) Domelsmith, L. N.; Houk, K. N.; Piedrahita, C.; Dolbier, W.
d.J. Am. Chem. Soc. 1978, 100, 6908-6911. (b) Houk, K. N. In “Pericyclic
Reactions™; Marchand, A. P., Lehr, R. E., Eds.; Academic Press: New
York, 1977; Vol. 2, pp 181-271. {(c) Fleming, 1. “Frontier Orbitals and
Organic Chemical Reactions”; Wiley: London, 1976.

(12) Bartlett, P. A.; Myerson, J. J. Am. Chem. Soc. 1978, 100, 3950
3952,

spectively. The remainder of the observed proton coupling
constants were in agreement with the structures shown.
In the 3C spectra of 3d the methyl chemical shift, 6.54
ppm, was at higher field than the methyl resonance of 3b,
15.08 ppm, where the methyl and the fluorine have an anti
relationship. Assignment of the structures of 2d and 2b
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formed by rearrangement of the E and Z esters require the
rearrangement to proceed from only the E enolate. For-
mation of the E enolates would be in agreement with re-
ported ester enolate geometry resulting from deprotonation
propionate esters with LDA under similar conditions.!?

The iodolactones 3b and 3d have been reduced with
lithium diisobutylaluminum hydride to the lactols 5. The
lactols have been cleanly converted to the methy! acetals
6 without epimerization of the carbon bearing fluorine.
Out studies in this area are part of an ongoing investigation
into new fluoro carbohydrate and fluoro sugar nucleoside
syntheses, the details of which will be reported in the
future.
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(13) Evans, D. A. In “Asymmetric Synthesis”; Morrison, J. D., Ed,;
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Supplementary Material Available: Complete spectral and
analytical data for all new compounds (5 pages). Ordering in-
formation is given on any current masthead page.
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Dictyoxetane, a Novel Diterpene from the Brown
Alga Dictyota dichotoma from the Indian Ocean

Summary: A specimen of Dictyota dichotoma from the
Indian Ocean contained dictyoxetane (1), the first example
of a new tricyclic diterpene carbon skeleton.

Sir: A study of the brown alga Dictyota dichotoma
(Hudson) Lamouroux! was undertaken as part of a survey
of marine organisms from the coast of India. Previous
chemical investigations of Dictyota species have yielded
diterpenes belonging to several different structural classes.?
Some representative examples are dictyodial from Dictyota
crenulata and D. flabellata? sanadaol from D. crenulata,*
dictyolene from D. acutiloba,’ the dictyols from D. di-
chotoma,® the dolabellanes from D. dichotoma® and Dic-
tyota sp.,” and the dolastanes from Dictyota sp.2 The
Indian Ocean sample of Dicytota dichotoma contains at
least 20 new diterpenes, most of which belong to the fa-
miliar dolabellane class. In this communication we report
the structural determination of dictyoxetane (1), the first
example of a new tricarbocyclic diterpene skeletal class.

The sample of Dictyota dichotoma was collected by
hand at Krusadai Island, Gulf of Mannar, India. The
combined chloroform and methanol extracts of D. dicho-
toma were subjected to repeated silica gel chromatography,
and the final purification of dictyoxetane (1, 7 X 10™%
dry weight) was achieved by LC on u-Porasil using 8:1
hexane—ethyl acetate as eluant.

Dictyoxetane (1), [a]p +35.0° (¢ 3.0, CHCly) is a colorless
crystalline solid, mp 87-90 °C, that has the molecular
formula CyHg,0;. The IR spectrum contained a weak
hydroxyl band at 3600 cm™ but no carbonyl bands. Five
signals at & 80.1 (s), 80.6 (s), 81.3 (d), 82.7 (s), and 97.2 (s)
in the 3C NMR spectrum were assigned to carbon atoms
bearing oxygen. Since there were no signals at 6 >100 in
the 13C NMR spectrum, we concluded that dictyoxetane
(1) must be a tricarbocyclic diterpene with two ether rings.
The 'H NMR spectrum contained signals at & 0.91 (d, 3
H, J = 6.5 Hz) and 0.97 (d, 3 H, J = 6.5 Hz), assigned to

(1) A voucher specimen (Herbarium #M.A.-64) was deposited in the
Central Marine Fisheries Research Institute, Mandapan Camp, India.

(2) Faulkner, D. J. Nat. Prod. Rep. 1984, 1, 251.

(3) Finer, J.; Clardy, J.; Fenical, W.; Minale, L.; Riccio, L.; Battaile,
J.; Kirkup, M. P.; Moore, R. E. J. Org. Chem. 1979, 44, 2044.

(4) Kirkup, M. P.; Moore, R. E. Phytochemistry 19883, 22, 2527.

(5) Sun, H. H,; Waraszkiewicz, S. M.; Erickson, K. L.; Finer, J.; Clardy,
d. J. Am. Chem. Soc. 1977, 99, 3516.

(6) Amico, V.; Oriente, G.; Piattelli, M.; Tringali, C.; Fattorusso, E.;
Magno, S.; Mayol, L. Tetrahedron 1980, 36, 1409.

(7) Tringali, C.; Piattelli, M.; Nicolosi, G. Tetrahedron, 1984, 40, 799.
Tringali, C.; Nicolosi, G.; Piattelli, M.; Rocco, C. Phytochemistry 1984,
23, 1681. Tringali; C.; Oriente, G.; Piattelli, M.; Nicolosi, G. J. Nat. Prod.
1984, 47, 615.

(8) Gonzalez, A. G.; Martin, J. D.; Norte, M.; Rivera, P.; Perales, A.;
Fayos, d. Tetrahedron 1983, 39, 3355.

Figure 1. A computer-generated perspective drawing of the final
X-ray model of dictyoxetane (1). Hydrogens are omitted for
clarity, and no absolute configuration is implied.

an isopropyl residue, three methyl signals at § 1.10 (s, 3
H), 1.30 (s, 3 H), 1.37 (s, 3 H), and a CHOR signal at § 4.40
(brd, 1 H, J = 3 Hz). Even assuming that the structure
of dictyoxetane could be derived by further cyclization of
the dolabellane ring system, there were too many possi-
bilities for the compound to be identified by analysis of
spectral data alone. The structure of dictyoxetane (1) was
therefore determined by a single-crystal X-ray analysis.

Crystals of dictyoxetane (1) belonged to the monoclinic
crystal class with a = 7.842 (2) A, b = 16.320 (4) &, ¢ =
8.242 (1) A, and 8 = 115.86 (2)°. Systematic extinctions
indicated space group P2; with one molecule of CooHy,0;4
forming the asymmetric unit. All unique diffraction
maxima with 26 <114° were collected on a computer-
controlled four-circle diffractometer using variable speed,
1° w-scans, and graphite monochromated Cu Ka radiation
(1.54178 A). Of the 1331 reflections measured in this way,
981 (74%) were judged observed (F, = 34(F,)) after cor-
rection for Lorentz, polarization, and background effects.®
A phasing model was found by using the MULTAN series
of programs,? and the first E synthesis revealed most of
the non-hydrogen atoms. The remaining non-hydrogen
atoms were located with tangent formula recycling,' and
hydrogen atoms were located on a subsequent AF syn-
thesis. Block diagonal least-squares refinements with
anisotropic non-hydrogen atoms and isotropic hydrogens
have converged to a conventional crystallographic residual
of 0.074 for the observed reflections. Additional crystal-
lographic details can be found in the supplementary ma-
terial.

Figure 1 is a computer-generated perspective drawing
of the final X-ray model less hydrogens. The absolute
configuration shown is an arbitrary choice. The five-
membered ring has an envelope conformation with C7
serving as the flap. The six-membered ring is in a chair
conformation as is the seven-membered ring. The oxetane
ring is only slightly folded with all of the torsional angles
roughly £6°. The C-0 interatomic distances are 1.50 (1)

(9) All crystallographic calculations were done on a PRIME 850 com-
puter operated by the Cornell Chemistry Computing Facility. Principal
programs employed were: REDUCE and UNIQUE, data reduction programs
by M. E. Leonowicz, Cornell University, 1978; MULTAN 78, MULTAN 80, and
RANTAN 80, systems of computer programs for the automatic solution of
crystal structures from X-ray diffraction data (locally modified to perform
all Fourier calculations including Patterson Syntheses) written by P.
Main, S. E. Hull, L. Lessinger, G. Germain, J. P. Declercq, and M. M.
Woolfson, University of York, England, 1978 and 1980; DIRDIF written by
P. T. Beurskens et al., University of Nijmegan, the Netherlands, 1981;
MITHRIL, an automatic solution package written by C. J. Gilmore, Univ-
ersity of Glasgow, Scotland, 1983; BLS784, an inisotropic block diagonal
least-squares refinement written by K. Hirotsu and E. Arnold, Cornell
University, 1980; PLUTO78, a crystallographic illustration program by W.
D. S. Motherwell, Cambridge Crystallographic Data Centre, 1978; BOND,
a program to calculate molecular parameters and prepare tables written
by K. Hirotsu, Cornell University, 1978.

(10) Karle, J. Acta Crystallogr., Sect. B 1968, B24, 182,
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