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The Ozonolysis of alkenes has attracted attention with
regard to mechanism.! We were interested in the ozonolysis
ot acenaphthylene 1 for following reason. The reaction of
acenaphtylene 1 in chloroform or carbon tetrachloride? has
been reported to afford exclusively the polymeric products,
while in methanol a solvent-participated product 5 rather
than normal product 4 and ozonide 6 were obtained in vields
of 69% and 7%, respectively.’ Ozonolysis reaction of
acenaphthylene 1 in methanol revealed a partially anoma-
lous behavior as compared to other olefins. This was
explained by an intramolecular reaction between the carbo-
nyl oxide moiety and aldehyde group 2 to give intermediate
3, which is subsquently trapped by methanol to give 5.
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Thus it would be interesting to see if carbonyl oxide inter-
mediate 2 or 3 generated by ozonolysis of acenaphthylene 1
in aprotic solvent could undergo cycloadditions with *for-
cign™ carbonyl compounds 7 to give monoozonide 6. cross
ozonide 8 and tetroxepane 9.45¢

In this investigation, we have tried to get answets 1o these
questions by ozonizing accnaphthylene 1 in the presence of
added carbonyl compounds 7 and by converting the alde-
hyde groups of the anticipated ozonides 8 into the less desta-
bilizing methoximino groups as in the case ol o-oxo-
ozonides.” To this end, 1: 1 mixtures of an accnaphthylene
and a carbonyl compound in CI;Cl: were treated with
ozone at low temperature, and the cold crude reaction prod-
ucts were immediately admixed with a precooled solution of
O-methylhydroxylamine in methanol.”$

Ozonolyses of acenaphthylene 1 in the presence of carbo-
nyl compounds 7a. 7b and 7¢ gave ozonide 6 and nonperox-
idic product 11 by the flash column chromatography.
suggesting that the carbony] oxide intermediate 2 and 3 can
be produced in the course of this reaction. On the basis ol the
similarity of the 'H NMR shift values of respective groups
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of corresponding products of type 6. 8 and 9. only ozonides
6 and 8 could be detected by '"H NMR analysis of the crude
ozonolysis products prior to derivatization reactions. How-
ever, these cross ozonides 8a ['TH NMR: 8 5.28 (s, 1H), 5.33
(s. 1H), 6.79 (s. 1H), 10.54 {s, LH). C NMR: & 94.30,
101.14, 192.87]. 8b ['H NMR: & 1.97 (s, 3H), 6.68 (s, 1H).
10.47 (s, 1H). “C NMR: 32.27, 99.83, 104.35, 117.04,
192.74] and 8c ['"H NMR: 8 7.02 (s. 1H). 10.42 (s, |H). C
NMR: & 100.98, 105.43, 112.87. 194.06] could not be iso-
lated and decomposed during the attempted isolation. The
decomposition product of 8a, 8b and 8¢ was 8-formyl-1-
naphthalenecarboxylic acid 11 as a lactol form, which had
been also obtained previously as a product of the ozonolysis
of the acenaphthylene 1 in methanol.® For derivatization of
ozonides 8, ozonolysis of acenaphthylene 1 in the presence
of the carbonyl compounds 7a. 7b and 7¢ followed by treat-
ment with O-methylhydroxylamine could not produced the
correspoonding ozonides 10 (Chart 1).

Ozonolyses of 4,5-methylenephenanthrene 12, which has
similar structure of acenaphthylene 1 in the presece of the
carbonyl compounds 7a, 7b and 7¢ gave the monoozonide
13 and nonperoxidic product 16 by the flash column chro-
matography. On the basis of the similarity of the 'H NMR
shift values of respective groups of corresponding ozonides
of type 13, 14 and 9. only ozonides 13 and 14 could be
detected by '"H NMR analysis of the crude ozonolysis prod-
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“Determined in the product mixture by 'H NMR analysis using CH.CI;
as internal standard. The data in parentheses are the isolated yields.
“Lacto] torm. nd = not detected.

Chart 1
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“Determined in the product mixture hy 'TI NMR analysis using C1T:Cla
as imternal standard. The data in parentheses are the isolated yields by the
reerystallization  from cold methyvlene chloride. *Yicld of isolated
products. nd = not detected.

Chart 2

ucts prior to the derivatization reactions. However, these
cross ozonides 14a. 14b and 14¢ could not be isolated and
decomposed during the attempted isolation at room tempera-
ture. Of these ozonides only 14a and 14b could be isolated
by the recrystallization of cold methylene chloride. whereas
14c decomposed during the attempted isolation. The decom-
position product of 14a, 14b and 14¢ was 5-tormyl-4-fluo-
renecarboxylic acid 16. Ozonolyses of 4.5-methylenephen-
antrene 12 in the presence of the carbonyl compounds 7a. 7b
and 7c¢ followed by treatment with O-methylhydroxylamine
could be detected the corresponding ozonides 15 of which
only 15a and 15b were isolated in the yields shown
(Chart 2).

All of the ozonides have been characterized by positive
peroxide tests. satisfactory clemental analyses, and their "1
and “C NMR spectra. Reductions ol ozonides gave corre-
sponding compounds of types 18 and 7 in nearly equimolar
amounts.
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The results obtained in this study show that carbonyl
oxides 2 rather than 3 derived from ozonolyses ol acenaph-
thylene 1 and 4,5-methylencphenanthrene 12 in aprotic sol-
vent can be readily trapped by carbonyl compounds 7 1o give
cross ozonides 8 and 14 in addition to 6 and 13. In contrast
1o the ozonolysis of acenaphthylene 1 in methanol, in these
reactions no evidences were found the formation of tetrox-
cpanc 9 viu intermediate 3. Ozonides 8 and 14 underwent
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rapid decomposition in solution at room temperature. How-
ever, of these ozonides only 14 could be isolated by recry-
stallization of cold methylene chloride, whereas cross ozo-
nides 8 decomposed during the attemped isolation. Ozonoly-
sis of 1 in the presence of carbonyl compounds 7 tollowed
by derivatizaton with O-methylhvdroxylamine did not pro-
vide corresponding ozonides 10. This, together with low
vields of 15a and 15b indicated that the stability of ozonide
does seem to be influenced by the aldehyde group.

However., cross ozonides 17 obtained from the ozonolysis
of pyrene in the presence of carbonyl compounds 7 were
readily isolated in solution at room temperature.” Thus, the
stability of ozonide decreased in the order of 17 >14 > 8,
suggesting that the proximity between ozonide ring and
aldehyde group are affect to the stability of ozonide.

The formation of nonperoxidic products 11 and 16 may be
explain by cleavage of peroxide bond of labile ozonides 8
and 14 to give diradical or ionic intermediate 19, by analogy
with the postulated course of decomposition of a-oxo-0zo-
nide.'®1" Further reaction 19 may produce the |.2-dioxirane
20, which-in line with postulated reaction of [.2-dioxi-
ranes'®1-12-5.may be converted into 11 and 16.
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Experimental Section

NMR spectra:  Brucker AC-300. '"H NMR and “C NMR
spectra were recorded in CDCls with TMS as internal refer-
ences. Chromatographic separations: Flash chromatography
on silica gel.

Ozonolyses and Reductions of Ozonides: Unless men-
tioned otherwise, the following procedure was used: The
Ozonolysis reaction was carricd out in dichloromethane at
=78 °C until the solution turned blue. Residual ozone was
flushed out with nitrogen. the solvent was distilled ofT at
room temperature under reduced pressure. and the residue
was separated by flash chromatography. Reductions of iso-
lated ozonides were carried out on ca. 20-40 mg samples in
ca. 0.6 mL of CDCl; with an excess of triphenylphosphine,
and the products were analyzed by 'H NMR spectroscopy.

Ozonolysis of 1 and 7a: Ozonolysis of 0.46 g (3.0
mmol) of 1 and 1 mL of 7a (freshly prepared by pyrolysis of
paralormaldehyde) in 50 mL of dichloromethane, lollowed
by distillation of the solvent under reduced pressure gave a
solid residuc. This residue dissolved in 20 mL ol dichlo-
romethane and the white precipitate was collected by [filtra-
tion and recrystallization from dichloromethane gave 0.30 g
(1.5 mmol, 50%) of 11. From the liltrate. 0.1 g (0.48 mmol,
16%) of colorless precipitate 6 was isolated by flash chro-
matography (silica gel, solvent : dichloromethane/n-pentance
—1:1).

8-Formyl-1-naphthalenecarboxylic acid 11 (lactol
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form). Colorless ncedle cnvstal: mp 167168 »C (Lit.~1¥,
167-168 °C): "H NMR: §4.62 (d../ = 6 Hz. 1H). 6.94 (d../ =
6 Hz. 1H). 7.64-7.74 (m. 3H). 799 (d.J = 4 Hz. 1H). 818
(d../ =4 Hz. 1H). 847 (d.J = 4 Hz 1H). “C NMR: 96.29.
11928, 12546, 12712, 12734, 128.12. 12892, 12912,
130.24. 132,14, 13483, 164 61. IR (KBrfablet): y 3300.
1710, 1140.

Acenaphthylenemonoozonide (6).  Colorless  crystal;
mp 102-103 °C (Lit.."! 102-105 *C). 'H NMR: § 6.69 (s.
2H). 7.47 (m. 4H). 7.86 (d. / = 3 Hz 2H). 3C NMR: &
101,03, 122,12, 125.24. 126.28. 128.87. 131.69. 132.76.

Reduction of 6 with TPP gave 1.8-naphthalencdialde-
hyde: 61048 (s. 2H).

Ozonolysis of 1 and 7b:  Ozonolvsis of 046 g (3.0
mmol) of 1 and 0.42 g (6 mmol) of pyruvonitrile 7b in 30
mL of dichloromethanc. followed by distillation of the sol-
vent under reduced pressure gave a solid residuc. This resi-
duc dissolved in 20 mL of dichloromethanc and the
precipitate was collected by [iltration and recrvstallized (rom
dichloromethane gave .27 g (1.35 mmol. 43%) of 11. From
the filtrate. 0.13 g (0.75 mmol. 23%) of colorless solid 6 was
isolated by flash chromatography (silica gel. solvent:
dichloromethanc/pentane = 1: 1),

Ozonolysis of 1 and 7¢: Ovonolysis of 0.46 g (3.0
mmol) of T and 0.79 g (6 mmol) of benzoyl cyanide 7¢ in 50
mL of dichloromethane. followed by distillation of the sol-
vent under reduced pressure gave a solid residuc. This resi-
duc dissolved in 20 mL of dichloromcthanc and the
precipilate was collecled by [iltration and recrvstallized from
dichloromethance gave 0.36 g (1.80 mmol. 60%) of 11. From
the filtrate. 0.13 g (0.753 mmol. 23%) of colorless solid 6 was
isolated by (lash chromatography (silica gel. solvent:
dichleromethanc/pentanc = 1 1),

Ozonolysis of 12 and 7a. Ovonolysis of 0.37 g (3.0
mmol) ol 12 and 1 mL of 7a ({rcshly preparcd by pyrolysis
of parafermaldchyde) in 30 mL of dichloromcethanc the rcac-
tion mixture was kept at room temperature for | h.. followed
by distillation of the solvent under reduced pressurc gave a
solid residuc. This residuc dissolved in 20 mL of dichlo-
romcthanc and the precipitate was collected by (iltration and
recrvstallization from dichloromethane gave 033 g (1.38
mmel. 46%) of 16.

Altcr cvaporation of the solvent from (he cold reaction
mixture dircctly. the residuc was reervstallized with cold
dichloromethane o give 0.62 g (2.46 mmol. 82%) of 14a.

5-Formyl-4-fluorenc-4-carboxylic acid (16).  Colorless
crvstal: mp 139141 «C (Lit.'*. 140-142 «C); "H NMR (ace-
tonc-dg): 8 3.95 (5. 2H). 7.11-7.76 (m. 6H). 10.14 (s. 1H).
13C NMR (acctone-dg): 637.23. 127.23-131.75{m]. 170.00.
19038, - IR (KBr/tablct): ¥ 3000 (broad). 1730. Anal.
Caled. for Ci:HyOs (238.2): C 73.64. H 4.23; found C
75.68. H 4.25,

5-(1,2,4-Trioxolan-3-yDfluorenc-4-carbaldehyde (14a).
Colorless crvstal: mp 100-102 *C: 'H NMR: 4.0l (s. 2H).
330 (s. TH). 5.40 (s. [H). 6.35 (5. |H). 7.45-7.86 (m. 6H).
10,44 (s. TH). BC NMR: § 37.73. 95.62. 10145, 126.75-
143,90 (m). 193.04. Anal. Caled. for CigH =04 (2683): C
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71.63. H4.31: found C 71 44, H 4.63.
5-(1,2,4-Trioxolan-3-vl)fluorene-4-carbaldehyde-O-
methyloxime (15a). Colorless liquid: 'H NMR: & 3.82 (s.
3H). 3.94 (s. 2H). 5.31 (s. 1H). 5.39 (s. 1H). 6.37 (s. 1H).
7.22-8.25 (m. 6H). 8.68 (s. 1H). *C NMR: §37.74. 62.19.
96.00, 101.34. 123.23-143.15 (m). 130.78. Anal. Calcd. lor
C17H1s04N(297 3): C 68.68. H 3.09: found C 68.83. H 4.97.

Reduction of 14a with TPP gave 4.5-mcthylencphenan-
threne-8 9-di-carbaldehyde ['H NMR: §3.91 (s. 2H). 10.07
(s. 2H). - C NMR: §37.46. 19099

Ozonolysis of 12 and 7b:  Ovonolysis of 0.37 g (3.0
mmol) of 12 and 0.42 g (6 mmol) of pyruvonitrile 7b in 50
mL of dichloromcthane. followed by distillation of the sol-
vent under reduced pressure gave a solid residue. This resi-
duc dissolved in 20 mL of dichloromethane and the
precipitate was collected by liltration and recrvstallized from
dichloromcthanc gave (.32 g (1.353 mmol. 43%) ol 16. From
the filtrate. 0.09 g (0.39 mmol. 13%) of 13 was isolated by
fTash chromatography (silica gel. solvent : dichloromethane/
pentanc =1: 1),

Aller evaporation of the solvent from the cold rcaction
mixture dircctly. the residuc was recrystallized with cold
dichloromcthanc to give 0.64 g (2.11 mmol. 70%) of 14a.

The rcaction mixture ol the ozonolysis was admixed with
a solution of 0.3 g (6 mmol) of O-methylhydroxylamine and
1 mL of pyridinc in 10 mL of methanol was precooled to
—20+C. and the mixturc was kept at low temperature for scv-
cral days. Then. the solvent was cvaporated at room temiper-
aturc and reduced pressure. the residuc was admixed with
water. and the mixture was extracted with cther, The extract
was scquentially washed with 2 M aqueous hydrochloric
acid and an aqucous solution of sodium bicarbonatc. dricd
MgSOx. filtered. and concentrated by cvaporation of the sol-
vent al room temperature and reduced pressure. From this
residuc 0.12 g (0.36 mmol. 12%) of 15b was 1solated (silica
gel. n-pentanc/cther = 20 ¢ 1),

4,5-Mcthylenephenanthrenemonoozonide (13). Color-
Iess crystal: mp 14H-142 oC (Lie.)*. 141-1439C) : '"H NMR: §
3.94 (s. 2H). 6.46 (s. 2H). 7.247.59 (m. GH). BC NMR: §
37.56. 104.26. 12585, 126.67. 12740, 13248, 139.90.
144.36. The data arc identical 1o those reported. '

Reduction of 13 with TPP gave 4.3-mcthylencphenan-
threne-8.9-di- carbaldchyde.

5-(5-Cyano-5-methyl-1,2 4-trioxolan-3-y1)fluorene-4-
carbaldehyde (14b). Colorless liquid: "TH NMR: & 1.97 (s.
3H). 3.93 (s. 2H). 6.34 (s. TH). 10.17 (s. 1H). *C NMR: §
21.67. 3765, 10051, 10422, 11713, 125.12-146.00 (m).
192.32. Anal. Caled. lor CgH:ON (307.3);. C 7035. H
4.26: found C 70.22. H 4.37

5-(5-Cyano-5-methyl-1,2 4-trioxolan-3yDfluorene-4-
carbaldehyde-O-methyloxime (15h). Colorless crystal: mp
103-104 °C: "TH NMR: § 2.00 (s. 3H). 3.91 (s. 2H). 4.02 (s.
3H). 6.66 (s. 1H). 7.24-7.95 (m. 6H). 8.65 (. 1H). 3C NMR:
021.68.37.76. 6234, 100.25. 104,02 117.13. 130.01. Anal,
Caled. for CoHsO4N-~ (336.4); C 67.84. H 4.79: found C
68.07. H4.74.

Ozonolysis of 12 and 7c¢. Ovonolysis of 0,37 g (3.0
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mmol) of 12 and 0.79 g (6 mmol) of benzoyl cyvanide 8¢ in
30 ml of dichloromethane. followed by distillation of the
sohent under reduced pressure gave a solid residue. This
residuc dissolved in 20 ml of dichloromethane and the pre-
cipitatc was collecied by [ilration and recrvstallized from
dichloromethane gave 0.14 g (0.6 mmol. 20%) of 16. From
the filtratc. 0.42 g (1.8 mmol. 60%) of 13 was isolated by
flash chromatography (silica gel. solvent: dichloromethane/
pentanc=1:1).
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