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Abstract: We have carried out an enantioselective synthesis of (-)-periplanone C by a route involving
titanium-induced, intramolecular pinacol coupling reaction of a 1,10 keto aldehyde as the key step.
The coupling occurs with predictable stereochemistry to give a mixture of two diol products in greater
than 60% yield.

We have been interested recently in exploring the synthetic utility of the intramolecular
pinacol reaction, whereby a cyclic diol is prepared by reductive coupling of a dicarbonyl com-
pound. Although an old and general method of carbon-carbon bond formation,! the pinacol
coupling reaction has been little used for the synthesis of complex molecules. Our early work on
the synthesis of crassin>® was hindered by difficulties in controlling the stereochemistry of the
diol products, but we have recently reported a model that makes it possible to predict product
stereochemistry with reasonable accuracy.* As a test of the model, we decided to undertake a
total synthesis of some periplanones.

The periplanones are a group of 10-membered ring sesquiterpenes that act as sex phero-
mones for the American cockroach Periplaneta americana. Since the initial structure determin-
ation of periplanone B in 1976,° numerous syntheses have been accomplished,$1! and several
related substances have been found, including periplanones A,'2 C,'® and D."® Our own plan was
to aim for the syntheses of both periplanone C (3), a key substance from which other members
of the class have been prepared, and periplanone D (4). Our planned route was to carry out an
intramolecular pinacol reaction of keto aldehyde 1 to obtain a predictable mixture of diols 2,
from which 3 and 4 could then be obtained.
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Of the four diol products that might result from pinacol coupling of keto aldehyde 1, MM2
calculations of the corresponding dimethylsilyl acetals predict that cis isomer 2a will predom-
inate (78%) and that trans isomer 2b will be formed in a lesser amount (15%). Isomers 2c and 2d
should form only to a negligible extent (5% and 2%, respectively).!4
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An enantioselective synthesis of cyclization substrate 1 was accomplished as shown in the
scheme. Our starting material was (S)-(-)-menthene (5), itself prepared from commercially
available (S)-(-)-limonene by selective reduction over the Wilkinson catalyst. Ozonolysis of 5
gave a keto aldehyde, which was selectively reduced and then protected with fert-butyldiphenyl-
silyl chloride to give keto silyl ether 6. Bromination followed by dehydrobromination gave
enone 7, and reaction with dimethylsulfonium methylide!® then gave epoxide 8. Treatment of 8
with lithium diisopropylamide opened the epoxide ring to produce an allylic alcohol,’® which
was converted into allylic chloride 9 by reaction with methanesulfonyl chloride and LiCl in
DMEF.Y Copper-catalyzed acetylide alkylation reaction of 9 with 3-butyn-2-ol gave 10,"® reduction
over the Lindlar catalyst generated the cis compound (11), and deprotection of the silyl ether
followed by oxidation with the Dess-Martin periodinane’® gave keto aldehyde 1.

Addition of 1 to a slurry of low-valent titanium in dimethoxyethane over a period of 36 h at
0°C gave a mixture of diol products in 60% yield. 2 As predicted, only two diols were formed in
substantial amounts. NMR analysis of each let us assign structure 2b to the major product (62%
actual versus 15% predicted) and structure 2a to the minor product (30% actual versus 78%
predicted).?! Only minor amounts of diols 2c and 2d were formed, as expected.

Completion of the periplanone C synthesis was accomplished by treatment of 2b with
methanesulfonyl chloride, followed by exposure of the hydroxy mesylate to tetrabutyl-
ammonium hydroxide. The resultant epoxide, 12, was then opened by reaction with lithium
diisopropylamide to give an allylic alcohol, which was oxidized to give periplanone C. The
synthetic material was spectroscopically identical to the natural product.?? The synthesis
required 17 steps from (S)-(-)-menthene and took place in an overall yield of 4%.

In principle, periplanone D (4) could be prepared stereoselectively from either diol 2a or 2b
by pinacol rearrangement, and in fact it was this possibility that first led us to undertake our
work. Unfortunately, treatment of either diol under a variety of acidic conditions led only to a
bicyclic intramolecular cyclization product.
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Scheme: Synthesis of Periplanone C (a) O3, ethanol, -78°C; (b) 2 equiv. NaBH4, THF/ethanol;
(c) t-Bu(Ph)2SiCl, imidazole, DMF, 93% for 3 steps; (d) Bry, CCly; (e) LizCO3, LiBr, DMF, 67%; (f)
(CH;3):S=CH;, THF; (g) LiN(iPr),, THF, 60% for 2 steps; (h) MsCl, LiCl, DMF; (i) 3-butyn-2-ol,
KyCOa3, Cul, BugsNBr, DMF, 75% for 2 steps; (j) Hj, Lindlar, 90%; (k) BuyNF, THF, H,O, 83%; (1)
Dess-Martin periodinane, NaOAc, CHCly; (m) TiCl3-DME, 5, Zn-Cu, DME, 60% for 2 steps; (n)
MsCl, ether/pyridine; (o) BuyNOH, THF; (p) LiN(iPr);, THF, 38% for 3 steps; (q) Dess-Martin
periodinane, 84%.

This successful completion of the periplanone C synthesis constitutes formal enantioselec-
tive syntheses of periplanones D and A since Hauptmann has converted C into D by reduction
with potassium tri-sec -butyl borohydride!3* and C into A by oxidation with fert -butylhydroper-
oxide in the presence of potassium hydride.?’> More importantly, however, this work demon-
strates the value of the intramolecular pinacol reaction in organic synthesis.

Acknowledgment: This work was supported by National Science Foundation Grant CHE-
8917619. We thank Professor Jon Clardy for the use of his Silicon Graphics workstations.



4508

14.

15.
16.
17.
18.
19.
20.

21.

23.

References
Fittig, R. Liebig’s Ann. Chim. 1859, 110, 23.
McMurry, J. E.; Dushin, R. G. ]. Am. Chem. Soc. 1989, 111, 8928-8929.
McMurry, J. E.; Dushin, R. G. J. Am. Chem. Soc. 1990, 112, 6942-6949.
McMurry, J. E.; Siemers, N. O. Tetrahedron Lett. 1993, 34, 7891-7894.

Persoons, C. J.; Verwiel, P. E. ].; Ritter, F. J.; Talman, E.; Nooijen, P. F. J.; Nooijen, W. J.
Tetrahedron Lett. 1976, 2055-2058.

Still, W. C. J. Am. Chem. Soc. 1979, 101, 2493-2495.

Schreiber, S.; Santini, C. J. Am. Chem. Soc. 1984, 106, 4038-4039.

Kitahara, T.; Mori, M.; Koseki, K.; Mori, K. Tetrahedron Lett. 1986, 27, 1343-1346.
Cauwberghs, S.; DeClercq, P. Tetrahedron Lett. 1988, 29, 6501-6504.

Hauptmann, H.; Miihlbauer, G.; Walker, N. P. C. Tetrahedron Lett. 1986, 27, 1315-1318.
Takahashi, T.; Kanda, Y.; Nemoto, H.; Kitamura, K.; Tsuji, J.; Fukazawa, Y. ]. Org. Chem.
1986, 51, 3393-3394.

Hauptmann, H.; Miihlbauer, G.; Sass, H. Tetrahedron Lett. 1986, 27, 6189-6192.

(a) Biendl, M.; Hauptmann, H.; Sass, H. Tetrahedron Lett. 1989, 30, 2367-2368.
(b) Persoons, C. J.; Ritter, F. J.; Verwiel, P. E. ].; Hauptmann, H.; Mori, K. Tetrahedron Lett.
1990, 31, 1747-1750.

Calculations were carried out on a Silicon Graphics Crimson workstation. Global mini-
mum energy conformations for each structure were found using the Monte Carlo torsional
search algorithm of Still [Lipton, M.; Still, W. C. J. Comput. Chem. 1988, 9, 343-355] with
MacroModel's implementation of the MM2 force field. All structures were inspected for
isomerized double bonds and stereogenic centers. The calculated predictions are based on
Boltzmann distributions for all conformations with 10 kJ/mol of the global minimum.

Corey, E. J.; Chaykovsky, M. J. Am. Chem. Soc. 1965, 87, 1353-1364.
Thummel, R.; Rickborn, B. J. Org. Chem. 1972, 37, 4250-4253.
Collington, E.; Meyers, A. J. Org. Chem. 1971, 36, 3044-3045.
Jeffery, T., Tetrahedron Lett. 1989, 30, 2225-2228.

Dess, D. B.; Martin, J. C. J. Org. Chem. 1983, 48, 4155-4156.

(a) McMurry, J. E; Rico, J. G. Tetrahedron Lett. 1989, 30, 1169-1172.
(b) McMurry, J. E,; Lectka, T.; Rico, . G. J. Org. Chem. 1989, 54, 3748-3749.

Full details of the stereochemical assignments can be found in: Siemers, N.O. "The
Development of a Molecular Mechanics-Based Model to Predict Diol Stereochemistry in
Low-Valent Titanium Mediated Pinacol Coupling Reactions. Successful Application of this
Model Toward the Total Synthesis of Periplanones C, D, and A", Ph.D. dissertation sub-
mitted to the Graduate School of Cornell University, August, 1993.

11 NMR (500 MHz) 8 0.89 (d, ] = 6.6 Hz, 3 H), 0.94 (d, ] = 6.6 Hz, 3 H), 1.61 (m, 1 H), 2.10 (m, 1
H), 2.59 (dd, ] = 6.8, 12.2 Hz, 1 H), 3.02(t, ] = 157 Hz, 1 H), 341 (br t, ] = 158 Hz, 1 H), 4.73 (br t,
J=1.7Hz, 1H), 493 (brd, J= 1.4 Hz, 1 H), 548 (s, 1 H), 5.56 (dd, ] = 10.5, 16.4 Hz, 1 H), 5.57 (m,
1H),5.78 (br t, ] = 1.2 Hz, 1 H), 5.81 (d, ] = 16.4 Hz, 1 H), 6.22 (d, ] = 11.1 Hz, 1 H).">*CNMR (100
MHz) & 20.05, 20.20, 32.32, 34.35, 43.52, 49.83, 112.74, 121.53, 128.61, 129.70, 130.35, 136.36,
145.12, 149.37, 205,51. GC-FTIR 3051, 2966 (s), 2881, 1723 (s), 1628, 1589, 1455, 1382, 1267, 1102,
1000, 884 cm™!. GC-MS (EI, 80 EV) m/z 216, 201, 145, 118, 105, 83. [alp (c 0.1, CHCl3) -283°.
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