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Table II. Cycloadducts from Isobenzofuran Equivalents and DCB
isobenzo-
furan
equivalent isobenzofuran adducts (ratio) % yield
0
H CHCI
CHzCI H
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= CH2CI H
Br Br H Br CH2CI
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CH2C!
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H
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CH2ClI
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Table I11. Bis(methylene)oxabenzonorbornenes

bis(chloromethyl)
substrate product % yield
15 4 96
Br
19
17 5 98
QOO
20
18nx or 18xx 20 93

tracted with methylene chloride (3 X 80 mL). Combined organic
layers were washed with water, dried, and concentrated to give,
on recrystallization from 50-110 °C petroleum ether, 604 mg
(92%) of 19 as a white solid, mp 149-151 °C; 'H NMR 6 5.23 (s,
2 H), 5.34 (s, 2 H), 5.53 (s, 2 H), 7.57 (s, 2 H); 1*C NMR ¢ 83.07,
104.42, 123.17, 125.06, 143.04, 145.22; mass spectrum, m /e (relative
intensity) 330 (16), 328 (29, M*), 326 (15), 301 (10), 299 (21), 297
(12), 278 (11), 276 (23, M* for dibromoisobenzofuran), 274 (13),
249 (55), 247 (48), 221 (25), 219 (32), 167 (11), 140 (51), 139 (100),
113 (15), 87 (21), 69 (23). Anal. Calcd for C13HgBr,0: C, 43.94;
H, 2.46. Found: C, 44.11; H, 2.34.

Physical Data for Other Compounds in Table III. For
4: mp 73-74 °C (recrystallized from 35~60 °C petroleum ether);
H NMR 4 5.17 (s, 2 H), 5.28 (s, 2 H), 5.56 (s, 2 H), 7.15 (dd, 2
H), 7.28 (dd, 2 H); 13C NMR § 83.70, 103.27, 119.72 (overlapped
peaks), 127.31, 144.33; mass spectrum, m/e (relative intensity)
170 (25, M%), 169 (11), 141 (100), 118 (48, M* for isobenzofuran),
115 (44), 89 (21), 77 (12), 63 (24), 51 (19). Anal. Caled for C;5H,0:
C, 84.68; H, 592. Found: C, 84.80; H, 5.88. For 5: mp 135-137
°C (lit.5* mp 136-138 °C); 'H NMR 4 5.24 (s, 2 H), 5.33 (s, 2 H),
5.70 (s, 2 H), 7.44 (dd, 2 H), 7.70 (s, 2 H), identical with that
reported.®® For 20: mp >255 °C dec; *H NMR 6 5.18 (s, 4 H),
5.28 (s, 4 H), 5.52 (s, 4 H), 7.25 (s, 2 H); 13C NMR 4 83.50, 103.35,

18xx (1)

112.08, 143.97, 144.10; mass spectrum, m/e (relative intensity)
262 (100, M*), 233 (94), 205 (98), 204 (71), 189 (62), 181 (47), 165
(29), 153 (63), 152 (74), 139 (21), 127 (13), 115 (12), 102 (13), 89
(24), 76 (23), 63 (29), 51 (30). Anal. Caled for C,gH,40y: C, 82.42;
H, 5.38. Found: C, 82.30; H, 5.43.
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Pyrolysis of 3-pinene gives myrcene, an important raw
material in the perfume industry. Furthermore, 3-pinene
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Table I. Transformation of a-Pinene to 8-Pinene®

total yield, %

molar ratio time of conversion optical purity
a-pinene/base metalation, h B-pinene/a-pinene GC isolated of 8-pinene®
1.1 12 85:15
24 87:13
48 88:12 92 100
1:1.1 12 86:14
24 93:7
48 94:6 95 90 100
1:1.25 12 93:7
24 97:3
48 98:2 92 86 100
1:1.5 12 93.5:6.5
24 98.5:1.5
48 >99:<1 88 80 100

%Both (+)- and (~)-8-pinene were obtained starting from (+)- and (-)-a-pinene respectively. ®Observed optical rotation for (+)--pinene

is [a]?®p +23.1° (neat), 99.7% GC pure.

is the starting material for the manufacture of various
chemicals and polyterpene resins. Unfortunately, the
content of the less valuable a-pinene in natural terpentine
oil is much higher than that of the more valuable 8-pin-
ene.®* This situation has led to many searches for simple
methods of converting a-pinene into §-pinene.

There are many patents describing the conversion of a-
to 8-pinene. The most popular method, metal-catalyzed
isomerization of a-pinene, gives a yield of only 3-7% of
B-pinene.®? More recently some new conversions of a- to
B-pinene have been reported. Julia described a four-step
process that involves a reductive fission of alkene phos-
phonates with lithium aluminium hydride, leading to 3-
pinene with an overall yield of 25%.6 The conversion
proposed by Cao yielded a mixture from which 8-pinene
could only be isolated only after a highly efficient distil-
lation.” A two-step isomerization of «- to 8-pinene in a
50% yield, via allylstannane, has been described.®? (+)-
B-Pinene has been obtained from (+)-a-pinene via hy-
droboration with diborane, thermal isomerization of the
intermediate organoborane, and displacement either with
a high-boiling olefin or benzaldehyde.®® In another
preparation based on hydroboration, the thermally isom-
erized organoborane derived from (+)-a-pinene and 9-BBN
reacts with benzaldehyde to give (+)-8-pinene in 51% yield
and 93.5% optical yield.!! 3-Pinene has also been pre-
pared in low yield from (+)-10-camphenesulfonyl chlo-
ride.l? Recently, the preparation of 8-pinene by metala-
tion of a-pinene, with KCH,SiMe;, conversion of the po-
tassium salt to the Et,B derivative, followed by protono-
lysis of the organoborane intermediate, provided 8-pinene
of low optical purity in yields of ~60%.1® In this paper
we report a considerably simplified procedure that provides
optically pure 8-pinene in isolated yields approaching 90%.

The preparation of 3-pinene described here gives isom-
erically pure material in high optical yield. The inter-

(2) Postdoctoral research associate on Grant GM 10937-24 from the
National Institutes of Health.
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(56) U. S. Patents 3359342 (1967), 3360581 (1967), 3225553 (1967);
Neth. Appls. 6501986 (1965), 6610235 (1967).

(6) Harwood, L. M.,; Julia, M. Synthesis 1980, 456.

(7) Min, Y. F.; Zhang, B. W.; Cao, Y. Synthesis 1982, 875.

(8) Andrianome, M.; Delmond, B. J. Chem. Soc., Chem. Commun.
1985, 1203.

(9) Brown, H. C.; Bhatt, M. V. J. Am. Chem. Soc. 1960, 82, 2074.

(10) Brown, H. C.; Joshi, N. N. J. Org. Chem. 1988, 53, 4059.
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Chem. Soc. 1982, 104, 528.

(12) Kirmse, W.; Gruber, W. Chem. Ber. 1972, 105, 2764.

(13) Zaidlewicz, M. J. Organomet. Chem. 1985, 293, 139.

mediate is stable, and the chemicals used are commercially
available at reasonable cost. The synthesis is a simple
one-pot transformation. The procedure described here
should be amenable to large-scale operations.

Recently, we had experienced considerable success in
improving the Schlosser allylic metalation of (Z)- and
(E)-2-butene with n-butyllithium and potassium tert-bu-
toxide!* to provide isomerically pure (Z)- and (E)-crotyl-
potassium.!’® Accordingly, we decided to examine the
metalation of a-pinene by this reagent!® to see if we could
achieve a clean conversion into the potassium derivative
2 (eq 1). The metalation of the a-pinene by the Schlosser

K

(t-BuOK + n-Buli)
hexane

1 2
a-pinene

reagent was carried out in hexane solution, and conse-
quently this procedure allows the functional use of allylic
organopotassium intermediates without isolation. Ac-
cordingly the organopotassium formed was treated with
trimethyl borate, providing the stable “ate” complex 3 (eq
2). The organoborane 3 can be hydrolyzed under very

BOMe)K*

K ,
é B(OMe)s (2
2

3

mild conditions (room temperature), either by stirring with
water or with dilute hydrochloric acid. Separation of the
organic phase and distillation provide 3-pinene in high
optical and chemical yield (eq 3). It was observed that

B(OMe)gK*

Ha0/3 h or

_— (3)
dilute HCI/1 h

3 B-pinene

the use of an equimolar ratio of a-pinene/base gave a

(14) Schlosser, M.; Rauchschwalbe, A. J. Am. Chem. Soc. 1978, 100,
3258.

(15) Brown, H. C.; Bhat, K. S. J. Am. Chem. Soc. 1986, 108, 293.

(16) Schlosser, M.; Rauchschwalbe, A. Helv. Chim. Acta 1975, 58, 1095.
The authors utilized sec-butyllithium and potassium tert-butoxide in this
metalation but achieved only a 42% yield of product (+)-myrtenol.
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product containing 8-pinene/o-pinene, 87:13. Use of ad-
ditional base led to a decrease in the a-pinene present in
the product. Indeed, a reaction mixture from a 1:1.5 ratio
of a-pinene to base gave a product with <1% «-pinene.
Both (+)- and (-)-8-pinene were synthesized from the
corresponding (+)- and (-)-a-pinene, respectively. Data
on products obtained with their isomeric and optical
purities are summarized in Table I.

Recommended Procedure for Conversion of (+)-a-
Pinene to (+)-3-Pinene. All glassware was dried at 150
°C for at least 5 h, and reactions were carried under a static
nitrogen atmosphere.” To a stirred suspension of n-BuLi
(100 mL, 2.5 M, 250 mmol) in hexane and ¢t-BuOK (28 g,
250 mmol) was added (+)-a-pinene (27.2 g, 200 mmol,
96.6% ee) slowly at —78 °C. After the addition was com-
plete, the reaction mixture was warmed slowly to room
temperature and stirred at that temperature for 48 h. The
reaction mixture was then cooled to -78 °C, and trimethyl
borate (67 g, 650 mmol) in 50 mL of dry ether was added
slowly with efficient stirring’® (!B NMR indicated a peak
at 6 +3, confirming the formation of the “ate” complex).
Then the mixture was slowly warmed to room temperature
and stirred for 1 h. Hydrolysis was achieved by adding
100 mL, 10% hydrochloric acid and stirring for 1 h,' or
100 mL of water and stirring for 3 h. The organic layer
was separated, and the aqueous layer was extracted with
hexane (3 X 50 mL). The combined organic layers were
washed with brine, dried over MgSO,, and concentrated.
The residue was distilled (55 °C/12 mmHg) to furnish
(+)-B-pinene, 23.3 g (86%), isomeric purity >98%. A
careful distillation of a small prior fraction through an
efficient column readily removes the minor amount of the
a-pinene produced in the reaction (bp a-pinene, 156 °C;
B-pinene, 165 °C). After preparative GC on a TPC column,
99.7% GC pure (+)-8-pinene was obtained: [«]?p +23.1°
(neat).

By utilizing 1.5 equiv of metalating agent, -pinene was
obtained in 299% isomeric purity and 80% yield (Table
D).

Rotation of 100% B-Pinene. As reported above, the
rotation we achieved with 3-pinene prepared from high
optical purity a-pinene is [«]®p +23.1° (neat). This com-
pares with the highest value previously reported for 3-
pinene made from (+)-10-camphenesulfonyl chloride,'?
[a]?p +22.8°. Both borane isomerization of a-pinene and
recrystallization of tri-cis-myrtenylborane!® gave products
with [«]% of +22.7° and -22.8°. Earlier, Lucas had re-
ported a rotation of [«]?p —22.7°.2 Even though our
observed value is higher than those of all previous workers,
it would be foolhardy to claim it must be optically purer.
The presence of trace amounts of materials with high ro-
tations can result in minor variations of the observed ro-
tation, which confuse the situation.
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There exists considerable interest in 1,10-phenanthroline
and its derivatives (especially neocuproine) because of their
biological activity,>® complexation properties,*® inclusion
in novel macrocycles,” and other applications.? Moreover,
there are very few literature reports of monofunctionalized
derivatives of 2,9-dimethyl-1,10-phenanthroline (1), which
may have important fungistatic properties®>!? and offer a
viable route to the inclusion of metal ions at selected sites
on monoclonal antibodies.!! This paper describes the
monofunctionalization of 1 via mono-N-oxide formation
(and subsequent Boekelheide rearrangement) and provides
insight, via a single-crystal X-ray structure of 2.2H,0, into
the existence of the proposed 1,10-phenanthroline bis(N-
oxide).12-14

Direct alkyl functionalization of 1 by free-radical halo-
genation using either N-chloro-(NCS)%16 or N-bromo-
succinimide(NBS)!” under diverse reaction conditions®® did
not yield the monohalo product 6 in significant amounts
(2%). Therefore, a more circuitous procedure using the
intermediary N-oxide was employed, since the mono-N-
oxide 2 can serve as an appropriate intermediate for the
synthesis of unsymmetrical neocuproine derivatives.
Mono-N-oxide 2 was readily obtained (68%) by oxidation
of 1 with 30% hydrogen peroxide in glacial acetic acid!®2?
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