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A series of 2,5-disubstituted 1,3,4-oxadiazin-6-ones were prepared by treating syn-2-oxoalkanoic acid acyl-
hydrazones with dicyclohexylcarbodiimide. The isomeric anti isomers produced acylureas when treated with
DCC. The cycloaddition reaction of 5-methyl-2-phenyl-1,3,4-oxadiazin-6-one with norbornene was studied
and found to give a nitrogen deficient 1:1-cycloadduct. The formation of the product can be rationalized in
terms of a Diels-Alder cycloaddition followed by nitrogen extrusion and cyclization of the resulting y-ketoket-

ene intermediate.
J. Heterocyclic Chem., 22, 61 (1985).

The recent availability of highly functionalized dienes
has considerably widened the scope of the Diels-Alder re-
action [1-6]. Dienes substituted with two nitrogen atoms
have attracted interest because of their value in natural
product synthesis {7-9]. There are numerous reports in the
literature indicating that 1,2- 1,3- and 1,4-diazabutadienes
can act as 4m-components in Diels-Alder reactions [10]. On
the other hand, there are few examples of 2,3-diazabutadi-
enes participating in 4+ 2-cycloadditions [11-16]. The
2,3-diazabutadiene unit is incorporated in the structure of
1,3,4-oxadiazin-6-ones. Recently, the preparation and cyc-
loaddition behaviour of the first member of this class of
heterocycles has been described by Steglich and cowork-
ers [17]. These workers found that the treatment of 2-phen-
yl-2-oxoethanoic acid benzoylhydrazone 1 with trifluoro-
acetic anhydride or dicyclohexylcarbodiimide affords the
oxadiazinone ring system. This method appears to be limi-
ted only to the availability of the prerequisite 2-oxoalkano-
ic acid acylhydrazone analogs. As part of a general pro-
gram designed to study the cycloaddition behavior of un-
usual heterocyclic ring systems {18], we decided to prepare
a series of alkyl substituted oxadiazinones via the DCC in-
duced cyclization of 2-oxoalkanoic acid acylhydrazones.
We report here the results of these studies.
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Results and Discussion.

As a consequence of its ready accessibility coupled with
its chemical properties, dicyclohexylcarbodiimide has
been extensively used as a condensing agent [19]. In gene-
ral, reaction occurs rapidly with a variety of carboxylic
acids and, in the absence of competitive reagents such as
amine compounds, leads to the formation of anhydrides
[20). The structure of the products derived from the reac-

tion of DCC with carboxylic acids containing an addition-
al functionality frequently corresponds to a cyclized pro-
duct. For example, treatment of the o-acylaminocarboxylic
acid 3 with DCC gave rise to the O-acylisourea structure 4
[21].
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The first approach we investigated for the synthesis of
the 5-methyl-2-phenyl-1,3,4-0xadiazin-6-one (6) ring system
involved treating 2-oxopropanoic acid benzoylhydrazone
(7) with trifluoroacetic anhydride in trifluoroacetic acid ac-
cording to the method of Steglich [17]. The required hydr-
azone 7 was prepared from the reaction of benzoylhydraz-
ine with 2-oxopropanoic acid. Unfortunately, all attempts
to convert 7 into oxadiazinone 6 with trifluoroacetic an-
hydride failed. At this point we decided to investigate the
dicyclohexylcarbodiimide induced cyclization reaction.
Treatment of 7 with DCC gave acylurea 9 in quantitative
yield. This reaction probably involves formation of the
very reactive O-acylisourea 8 which undergoes a subse-
quent intramolecular migration of the acyl group from
oxygen to nitrogen. The exclusive formation of 9 suggests
that the initially formed benzoylhydrazone 7 possesses the
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anti configuration. Interconversion of the syn and anti iso-
mers of imines are a subject of long-standing interest [22].

Recent investigations into the factors influencing the ease
of isomerization about the C-N double bond have shown
that the interconversion barrier is remarkably sensitive to
the attached substituent groups [23]. We found that the
initially produced anti hydrazone 7 could be isomerized to
the thermodynamically more stable syn isomer 10. Treat-
ment of 10 with DCC afforded the desired oxadiazinone 6
in good yield.

R (CO:H Ry 2
HN” e, R %Hg bCC
ko a \NH)kR N RZ
RS 2

7; R4=CH;; R,=Ph
14; Ry=Ph; R,=CH,
17; R,=Ph; R,=CH,Ph
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The structure of 6 was assigned on the basis of its spec-
tral and analytical properties. Oxadiazinone 6 displayed
uv bands at 375, 356, 292 and 251 nm and showed strong
ir bands at 1760 and 1595 cm'. Its nmr spectrum showed
the presence of a methyl group at § 2.54. Further proof
was obtained from its cycloaddition behavior. Heating a
sample of 6 and norbornene at 85° affords the nitrogen
deficient 1:1-cycloadduct 13 as the exclusive product [nmr
(deuteriochloroform, 90 MHz) 6 1.14 (d, 3H, J = 6.5 Hz),
1.33 (brd, 1H), 1.50-1.90 (m, 5H), 2.29 (brs, 1H), 2.66 (brd,
1H), 2.93 (m, 1H), 3.18 (brs, 1H) and 7.30-7.55 (m, SH)}.
Structure 13 can be rationalized in terms of a Diels-Alder
cycloaddition followed by nitrogen extrusion to give a
ketoketene intermediate (i.e. 12) which undergoes a subse-
quent cyclization [24].
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The synthesis of the closely related 2-methyl (16) and
5-benzyl (19) oxadiazinones was also carried out in a simi-
lar manner. In both cases the syn hydrazones were found
to undergo smooth cyclization whereas the anti isomers
produced O-acylisoureas related to 9.

As a continuation of our investigations in this area, we

16; Ry=Ph; R2=CH,
19; Ry=Ph; R,=CH,Ph

Vol. 22

became interested in studying the reactivity of an a-carb-
anion on the 2 or 5-position of the oxadiazinone ring. We
suspected that these anions would be easily generated by
treating the alkyl substituted oxadiazinones with a num-
ber of strong bases, e.g., lithium diisopropylamide, potas-
sium hydride, ¢-butyllithium or potassium bistrimethylsil-
ylamide. Unfortunately, quenching of the resulting carb-
anion with a variety of electrophiles produced a complex
mixture of products and we abandoned further work with
these carbanions.

We also undertook a study of the reactivity of oxadiazin-
one 20 with a variety of carbanions. Treatment of 20 with
the lithium enolate derived from acetophenone or pinacol-
one afforded the ring opened lithium carboxylates 21 and
22. A related set of reactions occurred with the lithiate
anions derived from phenylacetonitrile and ethyl aceto-
acetate.
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Further work dealing with the 4+ 2-cycloaddition beha-
vior of the oxadiazinone system with enamines and enol
ethers will be described elsewhere.

EXPERIMENTAL

Preparation of 5-Methyl-2-phenyl-1,3,4-0xadiazin-6-one (6).

To a stirred solution containing 27.2 g of benzoylhydrazine in 700 ml
of water at 65° was added 17.6 g of 2-oxopropanoic acid in 50 ml of
water. The mixture was kept at this temperature for 2 hours and was then
cooled to 0°. The white, crystalline solid that formed was filtered and
dried to give 37.0 g (90%) of anti-2-oxopropanoic acid benzoylhydrazone
(7) which was crystallized from acetone-water, mp 105-106° (lit mp 106°
[26)); ir (potassium bromide): 3460, 3360, 1745, 1645, 1525, 1345, 1285,
1225, 915, 810 cm™; nmr (90 MHz, [acetone-d;]): mixture of anti- and syn-
isomers 6 2.20, (1.5H), 2.27 (1.5H), 7.40-8.10 (m, 6H), 10.5 (br s, 1H) [26]).

A stirred suspension containing 20.0 g of the above solid and a cataly-
tic amount of p-toluenesulfonic acid in 200 ml of dry benzene was heated
at reflux for 4 hours. After cooling to 0° the resulting solid was filtered,
washed with cold benzene and dried to give 19 g (95%) of the syn isomer
10 as a white crystalline product, mp 167-168°. A pure sample could be
obtained by recrystallization from methanol-ethyl acetate, mp 171-172°;
ir (potassium bromide): 2800-3200 (br), 1695, 1650, 1595, 1580, 1515,
1490, 1435, 1270, 1195, 1150, 1090, 915, 795 cm™'.
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Anal. Caled. for C,,H,,N,0,: C, 58.24; H, 4.88; N, 13.58. Found:
C, 58.23; H, 4.92; N, 13.59.

To a stirred suspension containing 6.88 g of syn-2-oxopropanoic acid
benzoylhydrazone (10) in 140 m] dry benzene at 85° was rapidly added
6.88 g of dicyclohexylcarbodiimide in 20 ml of dry benzene. The mixture
was kept at this temperature for 40 minutes and was then cooled to 0°.
After filtering 6.92 g (92%) of dicyclohexylurea, the solvent was removed
under reduced pressure. The resulting residue was dissolved in 50 ml of
hot benzene and 100 ml of ether was added. The mixture was cooled to
0° and 4.3 g (68%) of a pale yellow solid was filtered and dried. An analy-
tically pure sample of 5-methyl-2-phenyl-1,3,4-0xadiazin-6-one (6) was ob-
tained by recrystallization from benzene-ether, mp 132-133°; ir (potas-
sium bromide): 1760, 1595, 1575, 1535, 1500, 1455, 1390, 1350, 1275,
1150, 1090, 775, 705 cm™'; nmr (deuteriochloroform, 90 MHz): 6 2.54 (s,
3H), 7.40-8.30 (m, SH); uv (acetonitrile): 375 (e 690), 356 (e 900), 292 (e
13100), 251 (¢ 18600); ms: m/e 188 (M*), 132, 105 (base), 77.

Anal. Caled. for C,H,N,0,: C, 63.88; H, 4.29; N, 14.88. Found:
C, 63.71; H, 4.35; N, 14.84.

Preparation of O-2-Benzoylhydrazonopropionyl)}-N,N"dicyclohexyliso-
urea (9).

A solution containing 1.03 g of anti-2-oxopropanoic acid benzoylhydr-
azone (7) and 1.03 g of dicyclohexylcarbodiimide in 50 ml of dry tetra-
hydrofuran was stirred for 72 hours at 20°. The mixture was filtered to
give 0.51 g (46%) of dicyclohexylurea. The mother liquor was concentra-
ted under reduced pressure to leave behind a yellow oil which was dissol-
ved in 5 ml of hot ethyl acetate and 10 ml of ether. The mixture was cool-
ed to -10° and 0.72 g (35%) of a white solid was formed whose structure
was assigned as O42-benzoylhydrazonopropionyl}V,N"dicyclohexyl-
isourea (9). This material was crystallized from dichlormethane-ether, mp
189-190°; ir (potassium bromide): 3300, 2950, 2870, 1765, 1700, 1530,
1430, 1320, 1185, 1130, 900 cm"*; nmr {deuteriochloroform, 360 MHz): &
1.00-2.40 (m, 20H), 1.49 (s, 3H), 3.10-3.55 (m, 1H), 3.65-4.10 (m, 1H), 5.58
(br d, 1H), 7.30-7.73 (m, 6H).

Anal. Caled. for C,,H,N,0,;: C, 66.96; H, 7.82; N, 13.58. Found:
C, 66.88; H, 7.83; H, 13.56.

Preparation of 2-Methyl-5-phenyl-1,3,4-0xadiazin-6-one (16).

To a stirred solution containing 5.38 g of acetylhydrazide in 300 ml of
water at 50° was added a solution containing 10.9 g of benzoylformic
acid in 50 ml water. The mixture was kept at this temperature for 2 hours
and was then cooled to 0°. The white solid that precipitated was filtered
and dried to give 10.9 g (73%) of anti-benzoylformic acid acetylhydraz-
one (14), mp 139-140°; ir (potassium bromide): 3325, 1735, 1690, 1510,
1345, 1250, 805, 730 cm™!; nmr (90 MHz, [acetone-d]): (mixture of enti-
and syn-isomers) & 2.17 (br s, 3H), 7.33-7.60 (m, 6H), 9.20 (br s, 1H) [27].

A stirred suspension containing 7.0 g of the above solid in 100 ml of
dry benzene was heated at reflux for 3 hours. After cooling to 0° the
white solid that formed was filtered, washed with cold benzene and dried
to give 6.0 g (86%) of the syn-isomer 15, mp 156-157°: ir (potassium
bromide): 3200, 1700, 1655, 1390, 1345, 1250, 1145, 1030, 790 cm™*.

To a stirred suspension containing 4.36 g of the above solid in 100 mi
of dry benzene at 20° was added a solution containing 4.95 g of dicyclo-
hexylcarbodiimide in 20 ml of benzene. The mixture was stirred for 1
hour and the precipitated urea was filtered and the solution was concen-
trated under reduced pressure. To the residue was added 10 ml of dry
ether and the solution was crystallzed at 0° to give 3.0 g (76 %) of 2-meth-
yl-5-phenyl-1,3,4-0xadiazin-6-one (16) as a very moisture sensitive solid,
mp 118-119°; ir (potassium bromide): 2940, 2870, 1763, 1593, 1388,
1245, 1150, 1013, 963, 805, 760, 695 cm™'; nmr (carbon tetrachloride, 90
MHz): 6 2.48 (s, 3H), 7.34-7.61 (m, 3H), 8.18-8.32 (m, 2H).

Anal. Caled. for C,,HN,0,: C, 63.88; H, 4.29; N, 14.88. Found:
C, 63.88; H, 4.29; N, 14.64.

Preparation of O{2-Acetylhydrazonophenylacetyl)}-¥,N"dicyclohexyl-
isourea.

A solution containing 1.03 g of benzoylformic acid acetylhydrazone,
1.2 g of dicyclohexylcarbodiimide and 20 mg of p-toluenesulfonic acid in
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40 ml of dry tetrahydrofuran was heated at reflux for 3 hours. After cool-
ing to room temperature, the precipitated dicyclohexylurea was filtered
and the solvent was concentrated under reduced pressure. The resulting
oil was taken up in 10 ml of ether and the solution was cooled to 0° to
give 0.99 g (48%) of O{2-acetylhydrazonophenylacetyl)-N,N"dicyclohex-
ylisourea, mp 210-211°; ir (potassium bromide): 3370, 3260, 2945, 2865,
1772, 1710, 1670, 1530, 1430, 1195, 1135, 1110, 910, 740 cm™*; nmr (deu-
teriochloroform, 90 MHz): 8 0.75-2.4 (m, 20H), 1.81 (s, 3H), 2.8-3.3 (m,
1H), 3.7-4.3 (m, 1H), 5.18 (br d, 1H), 7.03 (br d, 1H), 7.38-7.43 (m, SH).

Arnal. Caled. for C,,H,,N,0,: C, 66.96; H, 7.82; N, 13.58. Found:
C, 66.77; H, 7.89; N, 13.49.

Preparation of 2-Benzyl-5-phenyl-1,3,4-0xadiazin-6-one (19).

To a stirred solution containing 7.5 g of phenylacetic acid hydrazide in
250 m! of water at 55° was added 7.5 g of benzoylformic acid in 50 ml of
water. The mixture was kept at this temperature for 2 hours and was then
cooled to 0°. The solid that formed was filtered and dried. Recrystalliza-
tion from isopropanol afforded 9.3 g (66 %) of benzoylformic acid phenyl-
acetylhydrazone as a white solid, mp 138-130°; ir (potassium bromide):
3220, 1695, 1655, 1480, 1480, 1410, 1250, 1165, 1060, 1030, 980, 890
cm™'; nmr (90 MHz, acetone-de): 4.09 (br s, 2H), 7.17-7.83 (m, 11H), 11.6
(br s, 1H); uv (methanol): 285 nm (¢ 14370).

Anal. Caled. for C,;H,,N,0,: C, 68.07; H, 5.00; N, 9.92. Found:
C, 68.01; H, 5.03; N, 9.91.

To a stirred suspension containing 5.65 g of the above solid in 100 ml
of dry benzene at 20° was added 4.54 g of dicyclohexylcarbodiimide in
10 ml dry benzene. After stirring for 1.5 hours at room temperature, the
precipitated dicyclohexylurea was filtered and the mother liquor was
concentrated under reduced pressure at a temperature below 30°. To the
resulting residue was added 30 ml of dry ether and the solution was cool-
ed to 0° to give 4.2 g (79%) of a yellow crystalline product whose struc-
ture was assigned as 2-benzyl-5-phenyl-1,3,4-0xadiazin-6-one (19), mp
95-96°; ir (potassium bromide): 1760, 1580, 1495, 1440, 1345, 1315, 1255,
1160, 1130, 995, 970, 810, 735, 700, cm™'; nmr (90 MHz, carbon tetra-
chloride): 6 3.94 (s, 2H), 7.20-8.33 (m, 10H); uv (acetonitrile): 303 (e
11300), 226 (¢ 7500).

Anal. Caled. for C,H,,)N,0,: C, 72.72; H, 4.58; N, 10.60. Found:
C, 72.60; H, 4.59; N, 10.57.

Reaction of 5-Methyl-2-phenyl-1,3,4-0xadiazin-6-one (6) with Norbornene.

A solution containing 0.565 g of 5-methyl-2-phenyl-1,3,4-0xadiazin-6-
one (6) and 0.29 g of norbornene in 15 ml of tetrachloromethane was
heated at reflux for 22 hours. The cooled reaction mixture was concen-
trated under reduced pressure and 5 ml of ether was added. The resul-
ting precipitate contained 0.48 g (63 %) of 6-methyl-3-phenyl-4-oxatricyc-
lo[4.4.1.0* "Jundec-2-en-5-one (13) as a colorless solid, mp 131-132°; ir (po-
tassium bromide): 2960, 2880, 1760, 1495, 1450, 1235, 1230, 1205, 1065,
775, 705 cm™!; nmr (deuteriochloroform, 90 MHz): 6 1.14 (d, ] = 6.5 Hz,
3H), 1.33 (br d, 1H), 1.50-1.90 (m, 5H), 2.29 (br s, 1H), 2.66 (br d, 1H), 2.93
(m, 1H), 3.18 (br s, 1H), 7.30-7.55 (m, SH).

Anal. Calcd. for C,;H,,0,: C, 80.28; H, 7.13; Found: C, 80.39; H, 7.23.

Reaction of 2,5-Diphenyl-1,3,4-0xadiazin-6-one (20) with Metalated Pin-
acolone.

To a solution containing 0.22 g of pinacolone in 5 ml of dry tetrahydro-
furan at -78° was added 1.5 ml of a 1.48M solution of n-butyllithium in
hexane. Stirring was continued at this temperature for 20 minutes, after
which time 0.5 g of 2,5-diphenyl-1,3,4-0xadiazin-6-one (20) dissolved in 10
ml of dry tetrahydrofuran was added. After stirring for 1 hour, the solu-
tion was warmed to room temperature and was concentrated under re-
duced pressure. The resulting mixtue was cooled to -8° for 12 hours and
was then filtered to give 0.43 g (60%) of the product 22 as a pale yellow
solid; mp 270-271°; ir (potassium bromide): 3060, 2960, 1585, 1520, 1490,
1430, 1380, 1360, 1290, 1135, 1050, 700 cm"*; nmr (DMSO-ds, 90 MHz): &
1.07 (s, 9H), 5.38 (s, 1H), 7.20-8.20 (m, 10H); uv (methanol): 385 nm (e
15365).

Reaction of 2,5-Diphenyi-1,3,4-0xadiazin-6-one (20) with Metalated Ethyl
Acetoacetate.
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To a solution containing 0.35 g of ethyl acetoacetate in 5 ml of dry
tetrahydrofuran at -78° was added 1.9 ml of a 1.48M solution of n-butyl-
lithium in hexane. After stirring for 20 minutes, a solution containing 0.6
g of 2,5-diphenyl-1,3,4-0xadiazin-6-one (20) in 10 ml of dry tetrahydrofur-
an was added and stirring was continued for 30 minutes. The mixture
was warmed to room temperature and the solvent was removed under
reduced pressure to leave behind a foam whose structure was assigned as
23 on the basis of its spectral data: ir (neat): 3060, 2980, 1645, 1605,
1515, 1380, 1280, 1240, 1160, 1095, 1070, 700 em-!; nmr (DMSO-ds, 90
MHz): 6 0.91 (1), 1.17 (1), 1.66 (s), 2.22 (s), 3.63-3.85 (m), 7.20-7.90 (m), 10.0
(br s); uv (methanol): 385 (¢ 600), 294 nm (e 13520).

Reaction of 2,5-Diphenyl-1,3,4-oxadiazin-6-one (20) with Phenylacetonitr-
ile in the Presence of Base.

To a solution containing 0.24 g of phenylacetonitrile in 5 ml of tetra-
hydrofuran at -78° was added 1.4 ml of a 1.48M solution of n-butyllith-
ium in hexane. After stirring for 20 minutes a solution containing 0.5 g of
2,5-diphenyl-1,3,4-0xadiazin-6-one (20) was added and stirring was conti-
nued for 20 minutes. The reaction mixture was warmed to room tempera-
ture and 10 ml of ethyl acetate were added. After cooling to -8° for 12
hours, 0.22 g (30%) of structure 22 was isolated as a yellow solid, mp
270-271°; ir (potassium bromide): 3350, 3055, 2195, 1665, 1625, 1580,
1520, 1475, 1430, 1360, 1270, 1050, 700 cm"'; nmr (DMSO-d,, 90 MHz): §
7.0-8.05 (m), 14.40 (br s); uv (methanol): 360 (sh, e 4280), 296 nm (e 21230).

Reaction of 2,5-Diphenyl-1,3,4-0xadiazin-6-one (20) with Acetophenone in
the Presence of Base.

To a solution containing 0.26 g of acetophenone in 5 ml of tetrahydro-
furan at -78° was added 1.55 ml of a 1.48M solution of n-butyllithium in
hexane. After stirring for 20 minutes, a solution containing 0.5 g of 2,5-
diphenyl-1,3,4-0xadiazin-6-one (20) in 8 ml of dry tetrahydrofuran was ad-
ded. The mixture was allowed to warm to room temperature and stirring
was continued for 12 hours. After addition of 10 ml of ether, the fine
yellow precipitate which had formed was filtered and dried to give 0.25 g
(33%) of structure 21 as a bright yellow solid; mp 270-271°; ir (potassium
bromide): 3060, 1625, 1585, 1520, 1425, 1365, 1270, 1050, 700 cm"}; uv
{methanol): 408 (¢ 9150), 298 nm (e 16210).

Acknowledgement.

We gratefully acknowledge support of this work by the National Insti-
tutes of Health. A. P. wishes to thank the organic faculty at the Universi-
ty of Wurzburg for their gracious hospitality during his stay at the Insti-
tute as an Alexander von Humboldt Senior Awardee. Use of the high
field nmr spectrometer used in these studies was made possible through
a NSF equipment grant. P. E. thanks the Deutsche Forschungsgemein-
schaft for a travel grant.

REFERENCES AND NOTES

1] E. Sonveaus and L. Ghosez, J. Am. Chem. Soc., 95, 5417
(1973).

[2] E. J. Corey and A. P. Kozikowski, Tetrahedron Letters, 2389
(1975).

[3] I. Fleming and A. Percival, J. Chem. Soc., Chem. Commun.,

Vol. 22

178 (1978).

[4] S. Danishefsky, M. P. Prisbylla and S. Hiner, J. 4m. Chem.
Soc., 100, 2918 (1978).

[5] B. M. Trost, W. E. Vladuchick and A. J. Bridges, J. Am.
Chem. Soc., 102, 3548 (1980).

[6] L. E. Overman, L. A. Clizbe, R. L. Freerks and C. K. Marlowe,
J. Am. Chem. Soc., 103, 2807 (1981).

[7] L. E. Overman, C. B. Petty, T. Ban and G. T. Huang, J. 4m.
Chem. Soc., 105, 6335 (1983).

[8] M. L. Bremmer and S. M. Weinreb, Tetrahedron Letters, 261
(1983).

[9] D. L. Boger and J. S. Panek, J. Org. Chem., 48, 621 (1983).

[10] D. L. Boger, Tetrahedron, 39, 2869 (1983).

[11] T. Wagner-Jauregg, Synthesis, 349 (1976).

[12] B. M. Trost and P. J. Whitman, J. 4m. Chem. Soc., 96,
7421 (1974).

[13] P. J. Fagan, E. E. Neidert, M. J. Nye and P. J. Whitman, Can.
J. Chem., 57, 904 (1979).

[14]) T. Sasaki, K. Kanematsu and T. Kataoka, J. Org. Chem., 40,
1201 (1975).

[15] K. Harano, T. Ban and K. Kanematsu, Heterocycles, 12,
453 (1979).

[16] A. B. Evnin and D. R. Arnold, J. 4m. Chem. Soc., 90, 5330
(1968).

[17] W." Steglich, E. Buschmann, G. Gansen and L. Wilschowitz,
Synthesis, 252 (1977).

[18] A. Padwa, A. D. Woolhouse and J. J. Blount, J. Org. Chem.,
48 1069 (1983).

[19] M. Mikolajezyk and P. Kielbasinski, Tetrahedron, 37, 233
(1981).

[20] M. Smith, J. G. Moffatt and H. G. Khorana, J. Am. Chem. Soc.,
80, 6204 (1958).

[21] G. Doleschall and K. Lempert, Tetrahedron Letters, 1195
(1963).

[22] D. Y. Curtin, W. J. Grubbs and C. G. McCarty, J. Am. Chem.
Soc., 88, 2775 (1966).

[23] M. Raban and E. Carlson, J. Am. Chem. Soc., 93, 685 (1971).

[24] M. Christl, U. Lanzendorfer and S. Freund, Angew. Chem.,
Int. Ed. Engl., 20, 674 (1981); M. Christl, U. Lanzendorfer, K. Peters,
E. M. Peters and H. G. von Schnering, Tetrahedron Letters, 353
(1983).

[25] All melting points and boiling points are uncorrected. Elemental
analyses were performed by Atlantic Microlabs, Atlanta, GA. The
infrared absorption spectra were determined on a Perkin-Elmer 467
infrared spectrophotometer. The ultraviolet absorption spectra were
measured with a Cary Model 14 recording spectrophotometer, using
1-cm matched cells. The proton magnetic resonance spectra were deter-
mined at 90 MHz by using a Varian EM-390 spectrometer. Mass spectra
were determined with a Finnigan 4000 mass spectrometer at an ionizing
voltage of 70 eV.

[26] H. A. Offe, W. Siefken and G. Domagk, Z. Naturforsch., 7b,
446 (1952).

[27] G. Engelhardt, W. Ziegler, P. R. Wollnofer, H. J. Jarczyk and
L. Dehlmann, J. Agric. Food. Chem., 30, 278 (2982).



