926 Bull Korean Chem. Soc. 1994, Vol. 15, No. 11

4. Semmelhack, M. F.; Schmid, C. R.; Cortes, D. A. Tetrahe-
dron Lett. 1986, 6, 1119.

5. Miyazawa, T.; Endo, T.; Shiihashi, S.; Okawara, M. J
Org. Chem. 1988, 50, 1332.

6. Semmelhack, M. F.; Chou, C. S; Cortes, D. A. | Am.
Chem. Soc. 1983, 105, 4492.

7. Miyazawa, T.; Endo, T. J Org. Chem. 1985, 50, 3930.

8. Endo, T.; Miyazawa, T.; Shiihashi, S.; Okawara, M., J
Am. Chem. Soc. 1984, 106, 3877.

9. Hunter, D. H.; Barton, D. H. R.; Motherwell, W, [ Tetra-
hedron Lett 1984, 25, 603.

10. Semmelhack, M. F.; Schmid, C. R. /. Am. Chem. Soc.
1983, 105, 6732.

11. Hunter, D. H.; Racok, J. S.; Rey, A. W.; Ponce, Y. Z.
J. Org. Chem. 1988, 53, 1278,

12. Bobbitt, J. M.; Flores, M. C. F.; Ma, Z,; Tang, H. Heferoc-
yeles 1990, 30, 1131,

13. Miyazawa, T.; Endo, T. J Molecular Catalysis, 1988, 31,
217.

14. Mlyazawa, T.; Endo, T. J. Molecular Catalysis 1988, 32,
357.

15. Anelli, P. L; Biffi, C.; Montanari, F.; Quici, S. L Org
Chem. 1987, 52, 2559.

16. Anelli, P. L.; Banfi, S.; Montanari, F.; Quici, S. [ Org.
Chem. 1989, 54, 2970.

17. Inokuchi, T.; Matsumoto, S.; Nishiyama, T.; Torii, 8. J
Org. Chem. 1990, 5, 462.

18. Siedlecka, R.; Skarzewski, J.; Mlochowski, J. Tetrahedron
Lett. 1990, 31, 177,

19. Semmelhack, M. F.; Schmid, C. R.; Cortes, D. A.; Chou,
C. 8. J Am. Chem. Soc. 1984, 106, 3374.

20. Ma, Z; Bobbit, J. M. /. Org. Chem. 1991, 56, 6110.

21. Miyazawa, T.; Endo, T. Tetrahedron Lett. 1986, 27, 3395.

22. Boyd, J. W.; Schmalzl, P. W.; Miller, L. L. J Am. Chem.
Soc. 1980, 102, 3856.

23. Bal, B. S.; Kochhar, K. S; Pinnick, H. W. /. Org. Chem.
1981, 46, 1492,

Synthesis of 2,2-Disubstituted 3-Methyleneoxe-
tanes

Kyung-Tae Kang®, Dong Cheol Ryu, Tae Myoung Sung,
and Jun Geun Kim

Department of Chemistry,
Pusan National Universilty, Pusan 609-735 Korea

Received July 27, 1994

Strained small oxacycles containing an exocyclic methylene
group, methylene oxirane (allene oxide) 1!, a-methylene-f-
lactone 27 and diketene 3* have been studied intensively
by theoretical and synthetic chemists. Surprisingly, however,
studies on methyleneoxetanes 4* and § have quite been ig-
nored, Only the parent 3-methyleneoxetane § was synthesi-
zed from the retro Diels-Alder reaction of an anthracene ad-
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Table 1. Synthesis of 22-Disubstituted 3-Methyleneoxetanes 10

Wgr )=<Br 3-Methylene-

©) an oxetane  Yield

Entry Allylsilane Yield

8 %y 10 (%)
Yield(%)y Yield(%)y

OH °

a OYSiMe:, 63 98 - 91
OH

b Q\r 33 88 - C;:? 73

SiMe,

OH

c O\rs‘“% 54 838 - g_c‘) 76
OH 0,

S Dree® ® Y7

CH,

e OH 48 59 32 Phy-o 77
OH )b )o Pl’ll:,h

f 78 7349 21(49 o 92
r’Phr?jr\SiMe;, (

OH

g 61 74 20 -
(j)\n/\sm3
h % 62 7 27 -
SiMey :

N Y OH
3

duct® and the interaction between the endocyclic oxygen and
the methylene group of it was investigated by ultraviolet
photoelectron spectra and molecular orbital calculations?
In continuation of our studies on exploring synthetic ap-
plication of 2-trialkylstannyl-3-trimethylsilylpropene 6, we
found a facile method for the synthesis of 2,2-disubstituted
3-methyleneoxetanes. Transmetallation of 6 with n-butylli-
thium provided 2-lithio-3-trimethylsilylpropene 7, which rea-
cted smoothly at —78 € with carbonyl compounds to pro-
duce 2-[(trimethylsilylmethylJaliyl alcohols 8 in moderate
yields. This route revealed much improved vield of 8a com-
pared to the reaction of the vinyllithium intermediate 7 ge-
nerated from lithium halogen exchange of 2-bromoallylsilane
by ¢-butyllithium with cyclohexanone® (18%, cf. Table 1, entry
a). When allyl alcohols 8a-d were treated with a 10% excess
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SnMe, i Li ii
NiMea )\/SiMe3 >
6 7
RZ 2 RZ
Aal\ OH il AR oH w R!
- Ll ———
I/SiMea l/g‘,’ )j
8 9 10

) n-Buli/THF/-78°C ii) R1RR2 /-78°C~t

) /\
i) Bi2eQ O /THF/1-BuOH/-78°C v} KH/THF /nt

of dioxane dibromide in tetrahydrofuran--butyl alcohol (10-
15 equiv) at —78 C, 2-(bromomethyl)allyl alcohol 9a-d were
obtained in high yields® When the reaction was performed
in the absence of {-butyl alcohol, the yield became lower
(entry c). On the contrary, the reactions of alcohols 8e-h
where R! and/or R? is an ary] group with dioxane dibromide
provided 2-(bromomethyl)allyl alcohols 9e-h along with 3-
bromo-2-(bromomethyl)propenes 11e-h. By adding #-butyl al-
cohol the formation ratio of monobromide over dibromide
was improved, although dibromide was still produced (entry
f). The formation of dibromides 11 could be explained as
follows. 2-[(Trimethylsilyl)methyl]ally! alcohols 8 react with
bromine to yield allyl bromides 9 and bromotrimethyisilane.
The bromotrimethylsilane formed reacts further with the
products 9 to afford 11. In the reactions of allyl alcohols
8a-d, the generated bromotrimethylsilane could be removed
by the reaction of it with f-butyl alcohol.’® However, in the
reactions of alcohols 8e-h, the formations of dibromides 11e-
h could not be completely suppressed by #-butyl alcohol. The
difference would come from the stability of the carbocations

ii.
2
aR on
8 + By —m + MesSiBr —»
Br
9

2 SliMea

R\ OH
+ Br
La

-Me;SIOH
—_—

When 0.02 M THF solution of 2-(bromomethyDallyl alco-
hols 9b-f were treated with potassium hydride at room tem-
perature for 5 min, 3-methyleneoxetanes 10b-f were produ-
ced in high yields. In case of 9a, the reaction proceeded
rapidly and completely by adding a small amount of HMPA
to afford 10a. The infrared absorption for the exocyclic car-
bon-carbon double bonds in 10 were appeared at high fre-
quency {1688 cm™!-1698 cm™') due to the small ring size
effect.? Unfortunately, the reactions of 9f and 9g where R!
is a hydrogen with potassium hydride did not yield 2-mono-
substituted 3-methyleneoxetanes 10f and 10g but a mixture
of unidentified products.

Bull. Korean Chem. Sec. 1994, Vol. 15, No. 11 927

In conclusion the route should be useful for the synthesis
of 2,2-disubstituted 3-methyleneoxetanes, although it is not
applicable for the synthesis of 2-monosubstituted 3-methyl-
eneoxetanes." The reascis for this difference would be inter-
esting but not clear at the present.

Acknowledgment. This work was supported by Lu-
cky Ltd., and the Korea Science and Engineering Foundation
through the Organic Chemistry Research Center.

References and Notes

1. (@) Turecek, F.; Drinkwater, D. E.; McLafferty, F. W, }
Am. Chem. Soc. 1991, 113, 5950. (b) Turecek, F.; Drink-
water, D. E.; McLafferty, F. W. J Am. Chem. Soc. 1999,
112, 5892, and references therein.

2. (a) Danheiser, R. L.; Choi, Y. M.; Menichincheri, M.; Sto-
ner, E, J. J. Org. Chem. 1993, 58, 322. (b) Adam, W,
Hasemann, L. Tetrahedron Lett. 1991, 32, 7033. (c) Mat-
suda, L; Ogiso, A.; Sato, S. /. Am. Chem. Soc. 1990, 112,
6120, and references therein.

3. (a) Shibata, L; Nishio, M.; Baba, A.; Matsuda, H. J. Chem.
Soc. Chem. Commun. 1993, 1067. (b) Kato, T.; Nobuya,
K.; Sato, R. J Org. Chem. 1980, 45, 2587.

4, Hudrlik, P. F.; Hudrlik, A. M.; Wan, C-N. /. Org. Chem.
1975, 40, 1116.

5. Applequist, D. E.; Roberts, J. D. J Ant. Chem. Soc. 1956,
78, 4012

6. {a) Martino, P. C.; Shevlin, P. B.; Worley, S. D. Chem.
Phy. Lett. 1979, 68, 237. (b) Baltagi, F.; Bauder, A.; Gun-
thard, Hs. H. J Mol. Structure 1980, 62, 275.

7. (a) Kang, K-T.; Lee, J. C; U, J. S. Tetrahedron Lett. 1992,
33, 4953. (b) Kang, K-T.; Kim, S. S;; Lee, J. C; U. J.
S. Tetrahedron Lett. 1992, 33, 3495. (c) Kang, K.-T.; Kim,
S. S.; Lee, ). C. Tetrahedron Lett. 1991, 32, 4341

8. Hoffmann, H. M. R.; Eggert, U.; Gibbels, U.; Giesel, K;
Koch, O.; Lies, R.; Rabe, ). Teirahedron 1988, 44, 3899.

9. Woell, J. B.; Boudiouk, P. /. Org. Chem. 1980, 45, 5213.

10. ¢{-Butyl alcohol reacts rapidly with bromotrimethylsilane
at 25 € to form f-butyl bromide. Jung. M. E.; Hatfield,
G. L. Tetrahedron Letl. 1978, 4483.

11. All attempts for the preparation of the parent 3-methyle-
neoxetane from (2-bromomethylallyl alcohol 9 (R*=R?
=H), which was prepared by the method of Trost, also
failed. Trost, B. M.; Chan, D. M. T.; Nanninga, T. N.
Org. Synth. 1984, 62, 58.

12. Spectral data for the selected products are given below.
8e : 'H NMR (300 MHz, CDCls) & 0.05 (9H, s}, 1.46 (2H,
s), 492 (1H, s), 523 (1H, s), 7.30-7.55 (5H, m); “C NMR
& —0.77. 214, 29.1, 77.6, 108.6, 1254, 126.8, 1283, 146.3,
151.8, 9¢ : 'H NMR & 1.78 (3H, s), 2.16 (1H, s), 3.85 (1H,
d, J=11.1 Hz), 395 (1H, 4, J=111 Hz), 552 (1H, s),
553 (1H, s), 7.20-747 (5H, m); *C NMR § 299, 318,
769, 117.6, 1252, 127.2, 1283, 1452, 150.2. 11e : 'H NMR
8 213 (3H, s), 404 (2H, ), 4.34 (2H, s), 726-7.39 (5H,
m); ¥C NMR 5 215, 30.5, 334, 127.0, 127.7, 1284, 129.2,
141.7, 143.7. 10a:'H NMR (500 MHz) & 1.35-1.86 (10H,
m), 4.72-4.73 (1H, m), 489490 (1H, m), 4.98-5.00 (2H,
m); ¥C NMR § 221, 250, 36.7, 72.7, 939, 101L.7, 153.0;
MS m/z 138 (M*, 5), M4 (49), 81 (30), 67 (28), 55 (100%);
IR (neat) Va 1697 (C=C) em™'; 10b:'H NMR (300



928 Buil. Korean Chem. Soc. 1994, Vol. 15, No. 11

MHz) § 1.50-2.10 (12H, m), 4.68-4.63 (1H, m), 4.84-4.85
(1H, m), 4954.98 (2H, m); “C NMR § 215, 29.0, 40.0,
72.6, 97.2, 101.0, 155.0; MS m/z 152 (M*, 11), 134 10),
119 (42), 91 (72), 84 (100), 79 (55), 67 (41%); IR Veu
1697 cm™. 10¢:'H NMR & 1.46-2.26 (14H, m), 4.68-4.69
(1H, m), 4.83-4.85 (1H, m), 496-498 (2H, m); *C NMR
& 210, 244, 280, 353, 725, 96.7, 101.2, 154.1; MS m/z
166 (M*, 11}, 133 (11), 119 (12), 105 (21), 91 (34), 86
(75), 84 (100), 79 (41), 67 (25%); IR Ve 1697 cm™2. 10d :
'H NMR § 1.50-2.20 (14H, m), 4.79-4.80 (1H, m). 4.92-
494 (2H, m), 5.06-5.08 (1H, m); °C NMR & 26.47, 26.54,
323, 337, 37.1, 724, 97.7, 103.5, 153.1; MS m/z 190 (M*,
37, 175 (37), 150 (43), 133 (42), 117 (33), 105 (29), 91
(64), 84 (100), 79 (96), 67 (33), 55 (60%); IR v... 1688
cm~L 10e:'H NMR 5 181 (3H, s), 483486 (1H, m),
498501 (1H, m), 505-5.18 (2H, m), 7.24-751 (5H, m);
3C NMR & 285, 73.7, 94.2, 103.3, 1240, 127.2, 128.3, 144.
8, 1524; MS m/z 160 (M*, 21), 159 (27), 145 (99), 129
(57), 115 (85), 105 (100), 77 (96%); IR Vae 1692 cm™L
10f : 'H NMR 6 5.08-5.09 (1H, m), 5.14-5.15 (1H, m), 5.15-
519 (2H, m), 7.13-747 (10H, m); *C NMR § 74.1, 969,
106.2, 125.2, 127.6, 127.8, 143.7, 150.5; MS m/z 222 (M*,
11), 206 (100), 191 (72), 165 (23), 128 (14), 105 (18), 84
(17%); IR V. 1698 cm™L

The Ring Structure and Barrier to Planarity of
Oxetane

Soo Gyeong Cho* and Young-Gu Cheun

Agency for Defense Development, P, O. Box 35,
Yuseong Tacjon 305-600, Korea

Recetved July 29, 1994
Conformations of 4-membered ring systems have been ex-
tensively investigated by a variety of experimental and theo-

retical methods.! Cyclobutane is stable in a puckered confor-
mation with the puckering angle of ca. 30° and the barrier

Table 1. Calculated and Observed Geometries® of Oxetane
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to planarity of 1.5 kcal/mol.!~® Although planar conformation
is favorable in terms of ring strain, the cyclobutane ring
structure may alleviate unfavorable eclipsed interactions bet-
ween vicinal hydrogens by tilting the CH; groups in the op-
posite direction? Thus, the degree of puckering in 4-mem-
bered ring systems is generally accepted as a compromise
between ring strain and torsional strain.

The introduction of heteroatom in the cyclic compounds
usually changes the equilibrium conformation.® In oxetane,
replacement of CH, group by O atom can substantially re-
duce the number of unfavorable eclipsed interactions bet-
ween vicinal hydrogen. This may cause oxetane to be flatter
than cyclobutane, Far-IR® and microwave (MW)? studies have
provided that the ring structure of oxetane is planar. How-
ever, the planar conformation of oxetane is not the minimum
of the puckering potential energy function (PPEF) but is at-
tributed to a rapid equilibrium between two puckered confo-
rmers through a small energy barrier. X-ray results at low
temperature (90 K and 140 K) have furnished that the oxe-
tane ring exists in a puckered conformation with the pucker-
ing angle with ca. 10°7 The NMR analyses® using dipolar
coupling constants have agreed to the X-ray data. Since both
experiments, X-ray and NMR, have been carried out in the
condensed phases, the equilibrium conformation may differ
from the one in the gas-phase.

Ab initio methods have been applied to oxetane with the
modest basis sets*!° j.e. 3-21G and 4-21G. All the calculations
have concluded that the planar form is the equilibrium con-
formation. Earlier semi-empirical MINDO/2' results have es-
timated the geometry of oxetane poorly and a zero pucker-
ing potential.’* Laane and coworkers have utilized the mole-
cular mechanics (MM2) to examine the PPEF for oxetane.’
MM2 has deduced that the ring structure of oxetane is plan-
ar and, of course, with no puckering potential.

In order to better understand the conformational nature
of oxetane, ab initiv and semi-empirical molecular orbital
calculations were performed using the GUASSIAN 92" series
of programs on a CRAY Y-MP computer. The equilibrium
geometries were fully optimized at four different levels of
theories - PM3,”® HF/3-21G,"* HF/6-31G* 'S and MP2/6-31G*.*
Semi-empirical method was applied to assess the performa-
nce of PM3 hamiltonian for our future studies on highly
substituted oxetane derivatives.””

Table 1 summarizes the geometric parameters optimized

PM3 HF/3-21G HF/6-31G* MP2/6-31G* Mw* X-ray*
Cco 1453 1.476 1419 1451 1.449(2) 1.460(1)
CC 1544 1.558 1.537 1.533 1.54%(3) 1.534(2)
C.H 1.099 1.079 1.082 1.087 1.081(2) 0.97(2)
CH 1099 1.078 1.084 1.092 1.100(3) 0.97(2)
2COC 92.60 92.10 92.78 90.08 91.59(70) 90.18(8}
<CCO 90.82 90.95 91.66 9145 91.44(30) 91.99(7)
<CCC 85.76 86.00 83.90 84.13 84.55(10) 84.79(9)
<HCH 107.31 110.26 109.26 109.66 110.18(10)
<2HCH 105.20 110.74 109.04 109.31 110.44(30)
Ring puckering angle? 0.00 0.00 0.00 17.85 0.00 10.7(1)

°Lengths in A, and angles in degrees. *From the rotational constants, ref. 6b. ‘At 90 K, ref..7. “see Figure 1 for the definition.



