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Studies Directed toward a Practical Synthesis
of Brevicomin. V. Isomer Enrichment of Bicyclic
Ketals in the 6,8-Dioxabicyclo[3.2.1]octane Series

by Complexation with Titanium Tetrachloride
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As part of a continuing effort directed toward a practical
synthesis of brevicomin (1),! the aggregating sex phero-
mone of the pine bark beetle, Dendroctonus brevicomis, we
initiated a study of methods for effecting isomer enrich-
ment. Since it is well documented that powerful synergistic
effects are noted for compound mixtures in testing, an ef-
fective method to remove unwanted isomers became quite
important.?2 In our synthetic methodologies to date, we
have always prepared a mixture isomeric about C-7.

Since 1 has proven to be relatively difficult to obtain in
quantity at this time, we chose to study the readily avail-
able 2 for our isomer enrichment study.?

endo-1

endo-2

Substituted 1,3-dioxolane and dioxane derivatives have
been generally observed to suffer cleavage and rearrange-
ment to an appropriate ester in the presence of titanium
tetrachloride.* Though this is’a well-known Lewis acid ca-
pable of complexing ligands having heteroatom functional-
ity,> no ketal complexation has been reported. We have
observed, however, that titanium tetrachloride readily
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forms a complex with 2, and this complex can be hydro-

lyzed with water to recover 93% of the initial bicyelic ketal.
We had previously noted® that hydrogenolysis of endo-2

proceeded much faster than exo-2 (2 -» 8). This was ration-

H,/Pd-C
—————

Me-—-
o 0 Me 0 Me

Me
OH
2 3

alized as a steric effect of the exo methyl group on the cata-
lyst surface. Taking advantage of this observation we envi-
sioned preparing a TiCly “surface” on which one isomer
might selectively interact. This was accomplished by pre-
paring a dilute TiCl4—CCly frozen matrix at liquid nitrogen
temperature. Typically, 0.005 mol of TiCly in 20 ml of car-
bon tetrachloride was frozen in liquid nitrogen. To the sur-
face formed was added 0.01 mol of ketal, and the solution
was allowed to warm, unperturbed, to room temperature.
The complex was filtered through a fritted glass filter and
the filtrate was reduced in volume. GLC analysis indicated,
that as expected, the endo isomer was selectively com-
plexed. Hydrolysis of the filtered complex with water, fol-
lowed by extraction with methylene chloride, yielded an
enriched endo-isomer mixture. If the experiment is carried
out without solvent, selectivity is decreased. This enrich-
ment procedure can be repeated as many times as neces-
sary to reach a desired isomeric purity. Starting with 2 hav-
ing an exo—endo ratio of 15.9:9.4, three cycles increased the
ratio to 16:2.7. This constitutes an enrichment of 71.5% by
an experimentally simple procedure.

Acknowledgment is made to the donors of the Petrole-
um Research Fund, administered by the American Chemi-
cal Society, for support of this work.
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A Facile Scission of Benzoyl Radical!
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The B-scission of tert-alkoxy radicals has been estab-
lished,? and previous reports include the information on
the scission of halomethyl,?b alkoxymethyl,?"i and alkox-
ycarbonyl radicals,?hi and of acyl radical.?# In the course of
our study on the basic decomposition of a-hydroperoxy ke-
tones,? 1, the facile fission of benzoyl radical was observed.
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Table I
Radical Decomposition of «-Hydroperoxy Ketones (1)
Products,2 %
Pth PhgﬁPh
Peroxide Conditions PhCO,H Ph, (0] Others
; A. Pyrolysis GLC (250°)b
1a in PhH 95-100 68~80 1-86 0 None
la in PhMe 99 97 0 0 PhCH,CH,Ph (7%);
PhCH,OH (7%);
PhCHO (17%
1b in PhH 90-95 75-~90 1-7 6 None (17%)
B. Fe**-Catalyzed Decomposition (70% MeOH, 25°)
la FeSO, . 96 d 0 16e None
1a FeSO,~FeCl, 100 d 0 <le PhCO,Me (61%)
ib FeSO, 80 d 0 18e None
1b FeSO,~FeCl, 82 d 0 3.9¢ PhCO,Me (55%);

PhCH,Cl (4.9%)

4 Products were determined by GLC. » See Experimental Section. ¢ [1] = 0.01 M, [FeSO,] = 0.1 M, and [FeCl,] = 0.05 M.
d Not determined. € Mol/mol %. According to eq 2, this value should be duplicated.

R
PhICI—C——Ph —
0 OOH
la, R="Ph
b, R = CH,Ph
R PhCR + Ph(=0 (1a)
PhC—C—Ph " ,
g o PhCCPh + R (1b)
) il

Pyrolysis GLC of a-hydroperoxy-a,a-diphenylacetophe-
none (la) at 250° as a solution in benzene gave benzophe-
none and benzoic acid together with a smaller amount of
biphenyl (Table TA). When la in toluene was pyrolyzed, bi-
benzyl, benzyl alcohol, and benzaldehyde were detected in
place of biphenyl, suggesting a radical reaction. Biphenyl is
formed probably via a sequence PhC=0 — Ph. — Phy in
benzene.® These results suggest the predominant scission
of benzoyl radical from 2 (eq 1la). Benzaldehyde may be
produced by the hydrogen abstraction of PhC=0 and/or
oxidation of benzyl alcchol.

The thermal decomposition of a-hydroperoxy-a-phenyl-
a-benzylacetophenone (1b) afforded benzil (6%) together
with deoxybenzoin, benzoic acid, and biphenyl. The yield
of benzil was unchanged even by a tenfold increase in the
amount of 1b, and its formation was not detected from la
or other a-benzoyl hydroperoxides. This suggests that the
scission of benzyl radical (eq 1b) also occurs.

The reactions of eq 1a and 1b can be confirmed by the
redox reaction of 1a and 1b with ferrous sulfate (Table IB).
It is well known that the Fenton reaction of ROOH pro-
duces RO-.247 The predominant formation of moncketones
shows the facile fission of PhC==0 from 2. The reaction of 1
with FeSO4 afforded a considerable amount of benzil,
much of which is formed by the dimerization of benzoyl
radicals {eq 2). The reaction of 1 with Fe?* is instanta-

Fe?*

. PHC=0
PhC=0 —> (PhCO)Fe** — Ph('ﬁllPh 2)
00

neous, but the yield of benzil was not influenced by one-
time or dropwise addition. Probably, PhC=0 is efficiently

trapped by Fe?* to form a metastable complex®? and ben-

zil is formed by ligand transfer to another PhC=0.
Addition of FeCl; to the redox system reduced the yield

of benzil but instead produced methyl benzoate (eq 3), sub-

. FeCly MeOH
PhC=0 — PhCOCl —— PhCO,Me 3)

stantiating the formation of free PhC=0. The formation of
benzyl chloride from 1b demonstrates the scission of benzyl
radical (eq 1b).

These results at 25 or 250° together with no formation of
a-hydroxy ketones clearly show that the scission of benzoyl
radical from 2 is very facile and ca. 15-20 times faster than
that of benzyl radical in view of the product ratio of
PhCOR and PhCOCOPh: 90:6-80:3.9 in Table I. Since the
scission of beqzyl radical is known to be very fast,2d%n the
scission of PhC==0 (eq 1la) is probably the fastest one thus
far known. This seems to be comprehensible, if it is consid-
ered that acyl radicals are stable and easily formed from al-
dehydes.1® The scission of acyl radicals have been shown
for a few cases,?»3* and its facility suggests a probable
mechanism for the autoxidative a-fission of ketones.

Experimental Section

Materials. a-Hydroperoxy ketones, 1a and 1b, were prepared
by basic autoxidation of ketones as described elsewhere.5

Pyrolysis GLC. Ca. 4 ul of a 0.01 M solution of 1 was injected
into GLC (injection temperature 250°; column temperature 80—
250°). Since the solvent was vaporized immediately, the thermal
decomposition of 1 occurs in the vapor phase. Products were iden-
tified and determined by the usual GLC technique with three dif-
ferent columns (1 m): (1) Apiezon grease L, 15% on Celite 545; (2)
PEG 20M, 2% on Chamelite CK; (3) PEG succinate, 13% on Chro-
mosorb. Propiophenone or biphenyl were used as an internal stan-
dard.

Fe2*-Catalyzed Decomposition. A methanolic solution of 1
(0.02 M, 5 ml) was added to the mixture of MeOH (2 ml), aqueous
FeSO4 (0.5 M, 2 mi), and HyO (1 ml) at 25°. The reaction was in-
stantaneously completed. Products were extracted with CHCl3
after dilution with aqueous NaCl, and analyzed by GLC.

Acknowledgments. We are grateful to Dr. Shin Tsuge
for the relevant discussions about pyrolysis GLC.

Registry No.—1a, 57196-77-7; 1b, 57196-78-8; benzoyl radical,
2052-65-5.
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The heartwood of Liriodendron tulipifera has previously
yielded two antimicrobial alkaloids, liriodenine (1) and
dehydroglaucine (2),! and two nonbasic noraporphine alka-
loids, one of which has been identified as (+)-N-acetylnor-
nantenine (3) by direct comparison with an authentic sam-
ple.? A structure for the second alkaloid was tentatively as-
signed as (+)-3-methoxy-N-acetylnornantenine (4) based
on spectroscopic evidence.? A total synthesis confirming
this assignment has now been achieved.

Decomposition of w-diazo-3,4-methylenedioxy-6-nitro-
acetophenone (5) in the presence of 2,3,4-trimethoxy-3-
phenylethylamine (6) and silver oxide afforded the crystal-
line amide 7. Compound 7 was smoothly cyclized in the
Bishler-Napieralski reaction using phosphorus oxychloride
in acetonitrile to the dihydroisoquinoline 8. Reduction of 8

3 R=H 5
4,R = OCH;
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CH,0
CH,0.
N
N
CHL;O CHJO NO_) C\O
CH;
NH, O
CH,0 —0
6 7
CH;0

9,R =NO,
10,R = NH,

with sodium borohydride and acetylation with acetyl chlo-
ride produced the N-acetyl derivative 9. The NMR spec-
trum of 9 clearly showed signals for each conformer which
is characteristic of hindered rotation in 1-benzyl-1,2,3,4-
tetrahydroisoquinolines.? Reduction of 9 with zinc dust and
sulfuric acid gave 10, which upon Pschorr cyclization fol-
lowing the method utilized by Weisbach and Douglas? gave
(£)-3-methoxy-N-acetylnornantenine (4) which gave TLC,
NMR, solution ir, and MS data identical with those of nat-
ural (+)-3-methoxy-N-acetylnornantenine (4).

Experimental Section

All melting points were determined on a Thomas-Hoover Uni-
melt and are uncorrected. The infrared spectra were taken on a
Perkin-Elmer 257 or Beckman IR-33 infrared spectrometer. Ele-
mental analyses were performed by Scandinavian Microanalytical
Laboratory, Herlev, Denmark. NMR spectra were recorded on a
Jeol C-60HL spectrometer using deuterated chloroform as solvent
and Me4Si as internal standard, with chemical shifts recorded in &
(ppm) units. Uv spectra were obtained in methanol on a Beckman
Acta I1I spectrophotometer. Mass spectral data were obtained on a
Du Pont CEC 492 spectrometer.

N-(2,3,4-Trimethoxy-p-phenylethyl)-3',4'-methylenedioxy-
6’-nitrophenylacetamide (7). To a solufion of 7.2 g of w-diazo-
3,4-methylenedioxy-6-nitroacetophenone (5)° in 75 ml of dry ben-
zene at 60° was added, with stirring, a solution of 7.4 g of 2,3,4-tri-
methoxy-3-phenylethylamine (liberated from 8.5 g of hydrochlo-
ride salt, obtained from Aldrich) in 30 ml of dry benzene and 513
myg of freshly prepared AgoO. The suspension was stirred at 60° for
0.5 hr and then an additional 300 mg of AgsO was added, followed
by 1 br of refluxing. After cooling, the solution was concentrated
under reduced pressure to remove most of the benzene and then
dissolved in boiling acetonitrile, filtered through Celite while hot,
and evaporated to dryness to leave 10.2 g of amide 7. Crystalliza-
tion from acetonitrile gave 9.1 g: mp 181-182°; ir (KBr) 3300 (NH)
and 1645 cm™! (C=0). )

Anal. Caled for CooH22N20s; C, 57.40; H, 5.30; N, 6.70. Found: C,
57.33; H, 5.27; N, 6.89.

1-(3',4'-Methylenedioxy-6'-nitrobenzyl)-5,6,7-trimethoxy-
3,4-dihydroisoquinocline (8).6 Amide 7 (300 mg) was dissolved in
20 ml of acetonitrile at 60° and with stirring 3 ml of phosphorus
oxychloride was added. After 2 hr at 60° the solution was evapo-
rated under reduced pressure to give a red gum which yielded 77
mg of 8 upon crystallization from alcohol, mp 144-145°, Chroma-
tography of the mother liquor on silica gel using benzene-acetone
(8:1) as eluent gave an additional 69 mg: NMR (CDCls) & 7.43,
6.95, and 6.85 (1 H each, PhH), 5.98 (2 H, s, OCH»0), 4.30 (2 H, s,
NO,PhCH.C==N), 3.87 (3 H, s, OCH3), 3.80 (6 H, s, OCH3), 3.55 (2
H, dd, J = 8, 8 Hz, C=NCHyCHjy), 2.58 (2 H, dd, J = 8, 8 Hz,
—-C=NCHyCH,).



