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noteworthy because of the considerable potential for
proton transfer from one ester a-CH unit to the various
ester enolate intermediates in this process. This easy,
one-pot, 2 + 2 + 2, Michael-Michael-Ring—Closure (MI-
MIRC) process,* involving a terminating Dieckmann cy-
clization® with overall formation of three carbon-carbon
bonds (2a-c), represents a simple, convenient, and po-
tentially versatile synthetic method for joining three 2-
carbon components into 6-membered carbocycles of varied
substitution pattern.‘e

The generality of this synthetic method is illustrated in
Scheme I. For example, methyl phenylthicacetate reacted
with lithium diisopropylamide (LDA) in THF at -78 °C
and then with 2.2 equiv of methyl acrylate to form, after
acidic workup, trisubstituted cyclohexanone 3 on a mul-
tigram scale as a mixture of stereoisomers in 72% yield
(Scheme II). Lower yields of dimethyl ester cycloadduct
3 were obtained when the ester group of the initiator was
different from the ester group of the acrylate; lithium
alkoxides formed in the terminal Dieckmann cyclization
caused transesterifications. Stereoisomeric 8-keto esters
3 were decarboxylated (NaCl, DMSO, 150 °C, 4.5 h)” to
form stereochemically homogeneous, polyfunctional ketone
4 in overall 57% yield based on starting methyl phenyl-
thioacetate. Alternatively, stereoisomeric a-thio ketones
3 were oxidized into the corresponding sulfoxides
(MCPBA, 0 — 25 °C, 1 h);# pyrolysis (refluxing benzene)®
produced a conjugated cyclohexenone having substantial
dienol character. Dehydrogenation (DDQ, refluxing
benzene)® formed regiospecifically trisubstituted benzene
5 in overall 42% yield based on starting methyl phenyl-
thioacetate.

(6) (a) Schaefer, J. P.; Bloomfield, J. J. Org. React. 1967, 15, 1. (b)
Tarnchompoo, B.; Thebtaranonth, C.; Thebtaranonth, Y. Synthesis 1986,
785. (¢) Kodpinid, M.; Siwapinyoyos, T.; Thebtaranonth, Y. J. Am.
Chem. Soc. 1984, 106, 4862. (d) Flavin, M. T.; Lu, M. C. Tetrahedron
Lett. 1983, 2335. (e) Gianturco, M. A.; Friedel, P.; Giammarino, A. 8.
Tetrahedron 1964, 20, 1763.

(7) Krapcho, A. P.; Lovey, A. J. Tetrahedron Let{. 1973, 957.
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Spirobicyclic compounds, often useful synthons!* and
characteristic of different families of biologically active
natural products,'? in general are not easily prepared di-
rectly from simple components. As shown in Scheme I,
lithium enolates of several carbocyclic and heterocyclic
carboxylate esters reacted cleanly with 2 equiv of an
acrylate ester to form spirobicyclic adducts 6 in 45-64%
yields. This one-pot, three-component coupling process
represents interrupted polymerizations leading easily and
directly to regiospecifically polyfunctionalized spirobicyclic
adducts.

In summary, the results reported here demonstrate (1)
that lithio acetates, in which the a-carbon atom is either
unsubstituted or mono- or disubstituted, initiate polym-
erization of acrylate esters; (2) that in THF at ~78 °C such
polymerization is effectively interrupted by a terminating
Dieckmann cyclization; and (3) that this three-component
coupling process leads rapidly and conveniently on a
multigram scale to regiospecifically tri- and tetrasubsti-
tuted 6-membered carbocycles including spirobicyclic ad-
ducts. We are continuing to explore the scope and ap-
plications of these interrupted polymerizations.
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Summary: Key A-ring synthons for the synthesis of
1a,25-dihydroxyvitamin Dy have been prepared efficiently
from (R)-(-)-carvone by use of diastereoselective chro-
mium(II)-mediated addition of an allylic halide to an al-
dehyde as a key step.

Sir: Of the known vitamin D; metabolites, 1e,25-di-
hydroxyvitamin Dj (1), is considered to be the most potent
stimulator of calcitropic effects such as intestinal calcium
absorption and bone calcium mobilization.! Recently, this

(1) (a) Norman, A. W. In Vitamin D, the Calcium Homeostatic
Steroid Hormone; Academic Press: New York, 1979. (b) DeLuca, H. F.;
Paaren, H. E,; Schnoes, H. K. Top. Curr. Chem. 1979, 83, 1. (c) DeLuca,
H. F.; Schnoes, H. K. Annu. Rev. Biochem. 1983, 52, 411. (d) DeLuca,
H. F.; Schnoes, H. K. Annu. Rep. Med. Chem. 1984, 19, 179.

hormone has also been found to suppress proliferation and
induce differentiation in human myeloid leukemia cells.?
These potent biological activities therefore have stimulated
effo;'_t;s toward the synthesis of 1«,25-dihydroxyvitamin D;
1).
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On the basis of Lythgoe’s methodology®® devised to
synthesize the calciferols via convergent routes, three
compounds, 2,% 3,445 and 4,%¢ have so far been prepared
as A-ring synthons, and each of them has functioned ef-
fectively in the synthesis of 1a,25-dihydroxyvitamin D (1).
Most of the recent syntheses®®9¢ of these A-ring synthons
utilized (S)-(+)-carvone as chiral starting material, except
the synthesis*® of 3 from (-)-quinic acid. However, use®
of (R)-(-)-carvone (10) remains unexploited despite the
obvious cost advantage over its enantiomer. We now wish
to report efficient enantiospecific syntheses of the A-ring
synthons 2, 3, and 4 starting with (R)-(-)-carvone (10).

Our basic strategy is outlined in Scheme I. We envi-
saged formation of a common precursor (8) from allylic
halide 5 and aldehyde 6 by taking advantage of the chro-
mium(II)-mediated reaction developed by Hiyama and
Nozaki et al.” We anticipated that the crucial construction
of the conjugated diene of 2 would be achieved by stereo-
and regioselective dehydration of 8 through a “trans
elimination” process provided the chromium(II)-mediated
reaction proceeded with a high degree of threo selectivity
via six-center transition state 7 as reported.®

The known epoxide 11,° easily obtained by epoxidation
of (R)-(-)-carvone (10) with alkaline hydrogen peroxide,
was stereoselectively reduced with lithium tri-sec-butyl-
borohydride!® to give a 13:1 mixture!! of alcohol 12,12 [«]%},

(2) Ikekawa, N.; Fujimoto, Y. J. Synth. Org. Chem. Jpn. 1988, 46, 455
and references therein.
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¢ (a) Hy0,, NaOH, MeOH, 90%; (b) L-Selectride, THF, -65 °C,
96% (12:epimer = 13:1); (c) t-BuMe,SiCl, imidazole, DMF, 98%;
(d) (i) Os, NaHCO;, CH,Cl,-MeOH (5:1 v/v), -68 °C, (ii} Ac,0,
Et;N, DMAP (catalyst), CH,Cly, refluz, (iii) K,COq, MeOH, (iv) as
in ¢, 66% overall; (¢) DATMP, benzene, 0 °C, 96%; (f) (i) MsCl,
DMAP, CH,Cl,, (ii) Nal, acetone, reflux, 93% overall; (g) 3 equiv
of 17, 6 equiv of CrCly, 3 equiv of LAH, THF, 97%; (h) 6 equiv of
DEAD, 9 equiv of PhyP, THF, 87% (19:20 = 6:1); (i) DDQ, 5% aq
CH,Cl,, 91%; (j) (i) as in i, (ii) K,CO4, MeOH; (k) (i) NalQ,, 30%
aq THF, (ii) DBU, CH,Cl;, 79% overall from 18,

-51.6° (¢ 1.07, CHCl,), and its epimer.!® After silylation
of 12 to 13, [a]?®y -31.1° (c 1.03, CHCly), oxidative deg-
radation of the isopropenyl group to the hydroxyl group
was carried out by the established procedure involving
Criegee rearrangement of the methoxy peroxyester 4441
Thus, upon sequential ozonolysis, Criegee rearrangement,
methanolysis, and protection of the resulting hydroxyl
group as its tert-butyldimethylsilyl ether 13 yielded ep-
oxide 14, [a]*p -21.1° (¢ 1.26, CHCl,). It is worthy of note
that, in this particular case, ozonolysis of 13 without so-
dium bicarbonate as an acid scavenger resulted in decom-
position of the a-methoxy hydroperoxide due to acidic
impurities in the ozone. Treatment of 14 with diethyl-
aluminum 2,2,6,6-tetramethylpiperidide!® led to regiose-
lective formation of allyl alcohol 15, [a]??y —5.8° (¢ 1.07,
CHCly), which was then converted to iodide 16, [a]*p
-12.4° (¢ 0.92, CHCly), via the corresponding mesylate.
The crucial chromium(II)-mediated reaction of iodide 16
with aldehyde 17 proceeded with excellent diastereose-
lectivity to afford alcohol 18, [«]%p +7.9° (¢ 1.11, CHCly),

(10) This stereoselective reduction of 11 with lithium tri-sec-butyl-
borohydride was developed in our laboratory independent of the work
reported in a recent paper, see: Nishiyama, S.; Ikeda, Y.; Yoshida, S.;
Yamamura, S. Tetrahedron Lett. 1989, 30, 105.

(11) Determined by 500-MHz 'H NMR analysis.

(12) All new compounds isolated reported herein exhibited satisfactory
'H NMR, IR, and mass spectra as well as combustion analytical data.

(13) It is interesting to note that reduction of 11 with NaBH;CeCla“
at -20 °C in methanol proceeded with the opposite stereoselectivity giving
the epimer of 12 as sole product in 30% yield.

(14) Luche, J. L. J. Am. Chem. Soc. 1978, 100, 2226.

(15) Schreiber, S. L.; Liew, W. F. Tetrahedron Lett. 1983, 24, 2363.

(16) Yasuda, A.; Tanaka, S.; Oshima, K.; Yamamoto, H.; Nozaki, H.
J. Am. Chem. Soc. 1974, 96, 6513.
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as the sole product in almost quantitative yield. One might
rationalize the exclusive production of 18 by assuming a
transition state resembling A* which is preferred over B*
because of minimization of A? type of steric interactions.’®

H
MPMO oM Ln_ oTes \ MPMO._ k= CrLn
v Cr
\ % H / @oms>

oTBsS OTBS H
A‘ B*

Having prepared the desired common intermediate 18,
we then examined the stereo- and regioselective dehy-
dration of 18 by several conventional methods in order to
construct the requisite diene. However, unexpected dif-
ficulties were encountered in this transformation. For
example, treatment of 18 with methanesulfonyl chloride
in pyridine gave enol ether 20 as a major product instead
of diene 19. These difficulties were eventually overcome
by use of Mitsunobu’s reagent.? Thus, reaction of alcohol
18 with triphenylphosphine and diethyl azodicarboxylate

(17) The stereochemistry of 18 is tentatively assigned on the basis of
mechanistic considerations in addition to the fact that dehydration of 18
¥ave the Z isomer 19 exclusively. Furthermore, on the basis of 500-MHz

H NMR spectral analysis of two diacetates derived from 18 (shown
below) and MTPA ester derivatives of 18,!® we empirically determined
the configurations of C-5 and C-6 to be both S.

JuHz ‘ R=tBuMe,Si

(18) Takano, S.; Takahashi, M.; Yanase, M.; Sekiguchi, Y.; Iwabuchi,
Y.; Ogasawara, K. Chem. Lett. 1988, 1827.

(19) Johnson, F. Chem. Rev. 1968, 68, 375.

(20) Mitsunobu, O. Synthesis 1981, 1.

in tetrahydrofuran at room temperature gave the diene 19,
[a]**p —9.6° (¢ 1.23, CHCly), and enol ether 20 in a ratio
of 6:1. Oxidative deprotection? of 19 furnished dienol 21,
mp 64-67 °C (lit.** mp 6971 °C), [a]®p +7.7° (¢ 0.73,
EtOH) [lit.#* +7.9° (¢ 0.4, EtOH)], whose spectral data (‘H
NMR, IR, MS) are identical with those reported.®* Since
21 has already been converted to phosphine oxide 2 in 82%
yield by the Roche group,? the present synthetic route
should enable us to prepare 2 from (R)-(—)-carvone (10)
in 256% overall yield (15 steps).

For the synthesis of A-ring synthons 3 and 4, alcohol 18
was converted to diol 22 by oxidative deprotection?! fol-
lowed by methanolysis of the resulting p-methoxy-
benzoates. Without purification, diol 22 was then suc-
cessively subjected to oxidative cleavage and isomerization
to furnish aldehyde 3, [«]® -86.1° (c 0.32, EtOH) [lit.4
-91.1° (c 0.3, EtOH)], [a]%p, -85.6° (c 1.08, CHCly) [lit.%
-86° (¢ 1.00, CHCl,)], which exhibited spectral properties
(*H NMR, IR) in accord with those reported.**d Aldehyde
3 was thus obtained from (R)-(-)-carvone in 35% overall
yield (14 steps). Since aldehyde 3 is a synthetic precursor
of acetylene 4, the synthesis of 3 also means development
of a new route to 4 from (R)-(-)-carvone (10).
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Summary: 1,n-Diynes having alkyl, aryl, and trimethylsilyl
groups as the terminal substituents undergo cyclization
‘with 2,6-dimethylphenyl isocyanide in the presence of a
stoichiometric amount of bis(cyclooctadiene)nickel(0) to
form polycyclic iminocyclopentadienes as red-orange
crystals or oils, which show interesting spectral properties
and chemical reactivities.

Sir: We have recently reported a one-step synthesis of
polycyclic iminocyclopentenes via nickel(0)-promoted cy-
clization of enynes with isocyanides.! Reported herein is
a similar cyclization of diynes? to form polycyclic imino-

(1) Tamao, K.; Kobayashi, K.; Ito, Y. J. Am. Chem. Soc. 1988, 110,
1286.

(2) Transition metal mediated cyclization of diynes have recently been
studied extensively. (a) Vollhardt, K. P. C. Angew. Chem., Int. Ed. Engl.
1984, 23, 539. (b) Schore, N. E. Chem. Rev. 1988, 88, 1081. (c) Nugent,
W. A.; Thorn, D. L.; Harlow, R. L. J. Am., Chem. Soc. 1987, 109, 2788.
(d) Fagan, P. J.; Nugent, W. A, J. Am. Chem. Soc. 1988, 110, 2310. (e)
Negishi, E.; Cederbaum, F. E.; Takahashi, T. Tetrahedron Lett. 1986, 27,
2829. (f) Trost, B. M.; Lee, D. C. J. Am. Chem. Soc. 1988, 110, 7255. (g)
Tsuda, T.; Morikawa, S.; Sumiya, R.; Saegusa, T. J. Org. Chem. 1988, 53,
3140. (h) Tsuda, T.; Kiyoi, T.; Miyane, T.; Saegusa, T. J. Am. Chem. Soc.
1988, 110, 8570. (i) Tamao, K.; Kobayashi, K.; Ito, Y., submitted for
publication.

cyclopentadienes,?
pentadienones (eq 1).

R
==
[Ni(cod),]
(U ' + CNAr THF, 60°C, 210 h (NAr (n
R

Cyclopentadienones have long been studied from both
of the synthetic and theoretical points of view, but the
substituents on the ring have been restricted only to the
stabilizing groups such as aryl and tert-butyl. In 1980,
Vollhardt and his co-workers reported a cobalt-mediated

nitrogen analogues of cyclo-

(3) Transition metal promoted cyclization of diphenylacetylene or
analogues with isocyanides has been reported. (a) Co: Yamazaki, H.;
Wakatsuki, Y. Bull. Chem. Soc. Jpn. 1979, 52, 1239. (b) Rh: Mueller,
E. Syntheszs 1974, 761. (c) Ni, Pd: Suzukx, Y Takizawa, T. J. Chem.
Soc., Chem. Commun. 1972, 837. (d) Ni: Eisch, J. J.; Aradi, A. A.; Han,
K. I. Tetrahedron Lett. 1983, 24, 2073. Other iminocyclopentadiene
chemistry: (e) Freeman, B. H.; Lloyd, D.; Singer, M. L. C. Tetrahedron
1972, 28, 343. (f) Atkinson, R. S.; Harger, M. J. P. J. Chem. Soc., Perkin
Trans. 1 1974, 2619,

(4) Ogliaruso, M. A.; Romanelli, M. G.; Becker, E. L. Chem. Rev. 1965,
65, 261. Maier, G.; Bosslet, F. Tetrahedron Lett. 1972, 1025,
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