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Abstract. Gif-type reactions have been used to perform direct oxidative functionalization of the title compound (HCTD, 1).
Thus, GoAgg!!l and GoAgg!V promoted oxidations of 1 afford 1-(2’-pyridyl)heptacyclo[é.6.0.02v5.03'13.04'11.05'9-
010143 erradecane [i. €., 1-(2°-pyridyl)HCTD, 2] in 6-10% isolated yield. In addition to 2, GoAggY promoted oxidation of 1
produced heptacyclo[6.6.0.02:6,03-13 0411 05.2 010.14)tetradecan-7-one (HCTD-7-one, 3) and 1-(4’-pyridyDHCTD (4) in
low isolated yield. Finally, oxidation of 1 performed by using an Fell-r-BuOOH system afforded several products, including
hexacyclo[6.6.0,02'6.03‘13.0“11'.05v9]tetradecane-10,14-dione (6) and 14-hydroxyhexacyclo[6.6.0,02'6.03’13.04'11.05'9]-
tetradecan-10-one (7), both of which resulted via oxidative cleavage of the C(1)-C(2) o-bond in 1.

© 1997, Elsevier Science Ltd. All rights reserved.

Introduction. As part of a long-term research program which is concerned with the synthesis and chem-
istry of novel polycarbocyclic “cage” compounds,! we have continuing need for specifically-substituted cage mol-
ecules which bear oxygen-containing functional groups (e. g., alcohols, ketones) for use as synthetic intermedi-
ates. One such compound is heptacyclo[6.6.0.02.6.03.13,04.11,05.9,010.14]tetradecan-7-one (HCTD-7-one, 3,
Scheme 1), which previously has been prepared in our laboratory in 1.7% overall yield by application of a tedious
and highly time-consuming seven-step synthesis.2 Chow and co-workers3 have reported a three-step synthesis
that affords 3, albeit in low overall yield.

Recently, it was shown# that Gif-type oxidants can be used for direct regioselective oxidative function-
alization of heptacyclo[8.4.0.02.7.03.5,04.8 09.13,012.14]tetradecane (“Binor-S”). Thus, under standard GoAgg!l!
oxidation conditions,6 Binor-S can be oxidized regiospecifically to 6-oxo-Binor-S in 8% yield (10% conver-
sion). In view of this highly encouraging result, it was of interest to investigate the use of Gif-type reactions to
effect the corresponding oxidative functionalization of heptacyclo[6.6.0.02.6.03.13.04,11 05.9.010.14]tetradecane
(HCTD, 1) in a single synthetic step. Even if the resulting yield of, e. g., HCTD-7-one (3) proved to be only a
few percent, this one-step oxidation of 1 nevertheless might prove to be competitive with our existing seven-step
route.2

It should be noted that direct, highly selective acylation occurs when solutions of 1 in CH3CN are irradi-
ated in the presence of a catalytic amount of either NagW 19032 or [(n-Bu)4N]4W10032.7 The ensuing reaction
results in selective formation of 1-acetyl-HCTD (i. e., functionalization of HCTD occurs preferentially at the 1-
position rather than at the 7-position; the latter is required if the objectives of the present study are to be met).’
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Gif-type Oxidative Functionalization of 1. Three standard Gif-type methods were employed for
oxidative functionalization of 1, i. e. GoAgg!ll, GoAgg!V, and GoAggV.5-8 The results thereby obtained are
shown in Scheme 1. In general, application of these procedures afforded 1-(2’-pyridy)HCTD (2) as the major
reaction product. A small amount (ca. 1%) of HCTD-7-one (3) along with 1-(4’-pyridyl)HCTD (4) also were
produced when GoAggV was employed as the oxidizing agent.
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GoAgg™
[r————

1(65%) +

9 GoA v
@ 3 O2BE o [1(61%) + 2 (10%)
10
12 1(56%) + 2 (8%) + 0%
1

GoAgg"
- N= 3(1%)
N\ 7

4 (3.5%)

The structures of pyridyl-substituted HCTDs, i. e., 2 and 4, were established via analysis of their 'H and
13C NMR spectra (see the Experimental Section). Thus, e. g., the lH NMR spectrum of 4 displays resonance
signals which correspond to 15 aliphatic protons (8 1.75-2.92) and four aromatic protons (8 7.17-8.43). The
downfield signals, which consist of an AB pattern (Jop = 4.2 Hz), can be assigned to the pyridyl ring protons in
4. The corresponding proton noise-decoupled 13C NMR spectrum of 4 consists of 14 aliphatic carbon signals (3
42.1-67.6) and three aromatic carbon signals [8 121.5 (d), 149.5 (d), 157.7 (s)], consistent with the suggested
structure for this compound.

Oxidative Functionalization of 1 with an Fell-.-BuOOH System. Oxidative functionalization
of 1, when performed by using Fell---BuOOH under conditions which have been described previously (Method
A),8 afforded six oxidation products in addition to recovered 1 (42%). Interestingly, in addition to HCTD-3-one
(3, 2%) and 1-pyridyl-substituted HCTD:s [i. .. 2 (7%), 4 (4%), and 5 (0.8%)], two additional products were
obtained, 6 (13%) and 7 (2%; see Scheme 2), both of which resulted via concomitant oxidative cleavage of the
C(1)-C(2) o-bond in 1. Products 6 and 7 were identified readily simply via comparison of their IR, 1H NMR,
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and 13C NMR spectra with corresponding literature values.3 It should be noted that this procedure affords a
greater isolated yield of 6 by starting with 1 than was achieved previously3 via multistep synthesis.

Fell-+-BuOOH promoted oxidative functionalization of 1 was also performed in the presence of ascorbic
acid8 but without HOAc (Method B). Application of this procedure produced an improved yield of 3 (i. e., 3.4%,
with 42% recovery of unreacted 1; see the Experimental Section).

Oxidative Functionalization of 1 with an Fell-H,0;, System. Oxidative functionalization of 1
was also performed by using Fell-H20;. Two procedures were employed which differed only in the ratio of
pyridine:HOAc employed in each experiment. The results thereby obtained are summarized in Table 1.

Scheme 2
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Table 1. Fell.H,0, Promoted Oxidative Functionalization of 1

Conditions Products (% yields)
Method A: Fe(ClO,),, LiCl, picolinic acid, ascorbic| 1 (63% recovered) + 2 (3.3%) + 3 (1.4%) + 4 (2.2%)
acid, 30% aqueous H,0,, 10:1 pyridine-HOAc +5(0.8%) + 6 (4.5%); (no 7 was obtained)

Method B: Fe(ClO,),, LiCl, picolinic acid, ascorbic| 1 (71% recovered) + isomeric mixture of 2 + 4 +5
acid, 30% aqueous H,0,, 30:1 pyridine-HOAc (individual isomers not separated; 6.7%) + 3 (2.2%)
+6(8.1%) + 7 (0.8%).

Discussion. Although the absolute yields of 3 obtained via oxidative functionalization of 1 by using
either Gif-type oxidantsS-8, Fell--BuOOH?, or Fell-Hy0,? are low (ca. 1-3%), these results nevertheless compare
favorably with the overall yield of 3 obtained by using our previously published seven-step procedure.2 Among
the various methods that were examined for oxidative functionalization of 1, the use of Fell-Hy0» (Method B,
Table 1) appears to offer the best route for synthesizing 3. The absolute yield of 3 thereby obtained was found to
be 2.2%. However, since 71% of unreacted 1 was recovered (and subsequently can be recycled), this result
represents a 7.6% overall conversion of 1 into 3.

In addition, it should be noted that 3 produced via Gif-type oxidative functionalization of 1 is accompanied
only by recovered 1 and by isomeric pyridyl-substituted HCTDs (i. e., 2, 4, and §). The latter materials are
basic; hence, they can be removed effectively via extraction with dilute aqueous HCL. The remaining neutral com-
pounds (i. €., 1, 3, 6, and 7) can be separated conveniently via column chromatography. Thus, despite the
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relatively poor absolute yield of 3 obtained via these reactions, the application of Gif-type oxidants for oxidative
functionalization of 1 does offer some distinct advantages vis-a-vis existing routes that have been used for this
purpose.

The results shown in Scheme 2 suggest that the Fell---BuOOH system? is considerably more reactive than
are the other Gif-type oxidants that were employed in this study. Importantly, this procedure affords diketone 6 in
synthetically useful quantities (i. e., 13-14% isolated yield).

The results described above have interest for the preparative chemistry of this type of difficultly-accessible
compounds. They also have interest in terms of the theory of Gif chemistry. By taking a recent paper!0 as a con-
venient summary, it follows that GoAgglll (pyridine-HOAc-H205, with picolinic acid added as ligand) operates
within the Felll.LFeV manifold and displays radical chemistry only in special cases (e. g. for reaction at a tertiary
C-H bond in adamantane). The radical intermediate in such reactions can be detected by coupling to pyridine.!1

The GoAgg!V and GoAggV systems use +-BuOOH as oxidant. These systems proceed mainly via radical
chemistry, and the Gif nomenclature is no longer appropriate.12 This same statement applies to the Fell--BuOOH
systems.12 The two Fell-Hy05 systems operate in the Fell-FelV manifold,!3 wherein initial attack of the iron
reagent on the hydrocarbon is not radical in character but instead is Gif-like. The selectivity of this species is very
similar to that displayed by the corresponding reagent in the Fe!ll-FeV manifold. However, in the case of Fell-
H,0; systems, the initial Fell-carbon bond fragments rapidly to Fel'l and a carbon radical.

When considering the results obtained in the present study, we must bear in mind that the objective is pre-
parative chemistry rather than mechanistic chemistry. The mass balances of the seven reaction reported herein are
ca. 70, 70, 70, 60, 60, 70, and 85%, respectively. Thus, considerable over-oxidation has taken place to furnish
minor by-products. Furthermore, the first-formed oxidation products may be oxidized to other products that are
not characterized.

From a theoretical standpoint, the most surprising result to emanate from the present study is that which
was obtained by using GoAgglll conditions (i. e., the first system studied; see Scheme 1), where the only pro-
duct characterized is a substituted pyridine, 2. Of course, due its inertness toward oxidation and its ability to
complex with excess HOAc, we expect that 2 is better able to resist over-oxidation than is the desired ketone (3).

The last two experiments, i. €., those which employ Fell-H20» systems (Table 1), do afford ketone 3, but
the major products of these reactions are diketone 6 and its congener, 7. Products of this type have not been seen
before in Gif chemistry.

Experimental Section

Melting points are uncorrected. High-resolution mass spectra were obtained by personnal at the Midwest
Center for Mass Spectrometry, University of Nebraska, Lincoln, NE. Elemental microanalyses were performed
by personnel at M-H-W Laboratories, Phoenix, AZ.

GoAgg!!! Promoted Oxidative Functionalization of 1.8 To a mixture of 1 (0.92 g, 5.0 mmol),
pyridine (15 mL), FeCl3-6H20 (54 mg, 0.20 mmol), and HOAc (0.5 mL) was added picolinic acid (73.8 mg,
0.60 mmol), and the resulting mixture was stirred at room temperature for 30 minutes. The reaction mixture was
cooled to 0-5 °C via application of an external ice-water bath. To the cooled reaction mixture was added dropwise
with stirring 30% aqueous HyO2 (1.0 mL) during 3 minutes. After the addition of H2O2 had been completed, the
external cold bath was removed. The reaction mixture was stirred at ambient temperature for 18 h, at which time
the extenal ice-water bath was replaced, and the stirred reaction mixture was acidified via careful dropwise
addition of 25% aqueous HpSO4. The resulting acidified mixture was transferred into a separatory funnel and
then was extracted with Et70 (3 x 50 mL). The combined organic layers were washed sequentially with saturated
aqueous NaHCO3 solution (2 x 20 mL) and water (30 mL), dried (MgSO4), and filtered, and the filtrate was
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concentrated in vacuo. The residue, a brown solid, was purified via column chromatography on silica gel by
using a 0-10% EtOAc-hexane gradient elution scheme.

The first chromatography fraction contained recovered starting material (1, 600 mg, 65%). Continued elu-
tion of the chromatography column afforded a second fraction which contained 2 (i. e., 1-(2’-pyridyl)heptacyclo-
[6.6.0.02:6.03.13 04,11 05,9 010.14](etradecane, 80 mg, 6%) as a colorless oil; IR (film) 2946 (s), 2862 (m), 1588
(m), 1470 (m), 1429 (w), 745 cm"! (w); 1H NMR (CDCl3) & 1.73-1.90 (m, 4 H), 2.48-2.64 (m, 9 H), 2.83-
2.92 (m, 2 H), 6.99-7.12 (m, 1 H), 7.22-7.47 (m, 1 H), 7.48-7.67 (m, 1 H), 8.48-8.62 (m, 1 H); 13C NMR
(CDCl3) 6 42.0 (t), 42.6 (t), 51.0 (d), 51.4 (d), 51.9 (d), 52.2 (d), 53.2 (d), 53.35 (d), 53.4 (d), 54.0 (d), 55.7
(d), 60.3 (d), 61.6 (d), 70.5 (s), 120.3 (d), 120.6 (d), 135.9 (d), 148.7 (d), 167.0 (s); mass spectrum (70 eV),
m/z (relative intensity) 261 (molecular ion, 100), 156 (11.8), 32 (10.6), 28 (45.6); Anal. Calcd for C1gHgN:
M;+261.1517. Found (high-resolution mass spectrometry): Mg+ 261.1509.

GoAgg!V Promoted Oxidative Functionalization of 1.8 A solution of 1 (920 mg, 5.0 mmol),
Fe(NO3)3-9H20 (202 mg, 0.50 mmol), and HOAc (3.0 mL) in pyridine (30 mL) was stirred at ambient
temperature for 5 minutes. 90% Aqueous -BuOOH solution (1.1 mL, 10 mL) was added, and the resulting
mixture was heated at 60 °C for 18 h. The reaction mixture was allowed to cool gradually to room temperature and
then was transferred into a separatory funnel. Methylene chloride (30 mL) was added, and the resulting mixture
was shaken with saturated Cul!SOy4 solution (7 x 20 mL). The organic layer was dried (MgSO4) and filtered, and
the filtrate was concentrated ir vacuo. The residue thereby obtained was purified via column chromatography on
silica gel by using a 0-5% EtOAc-hexane gradient elution scheme.

The first chromatography fraction contained recovered starting material (1, 558 mg, 61%). Continued
elution of the chromatography column afforded a second fraction which contained 2 (92 mg, 10%). The IR, !H
NMR, and 13C NMR spectra of 2 thereby are identical in all respects with the corresponding spectra obtained via
GoAgg!! oxidation of 1 (vide supra).

GoAggY Promoted Oxidative Functionalization of 1.8 A solution of 1 (920 mg, 5.0 mmol),
Fell(NO3)3-9H20 (202 mg, 0.50 mmol), and HOAc (3.0 mL) in pyridine (30 mL) was stirred at ambient
teperature for 5 minutes. Picolinic acid (185 mg, 1.5 mmol) was added, and the resulting mixture was stirred at
ambient temperature for 30 minutes. To the reaction mixture was added 90% aqueous +-BuOOH solution (1.1 mL,
10 mL), and the resulting mixture was stirred at ambient temperature for 18 h. Workup of the reaction was

performed as described above for the corresponding GoAgg!!! oxidation of 1 (vide supra). The residue thereby
obtained was purified via column chromatography on silica gel by eluting with 5% EtOAc-hexane.

The first chromatography fraction contained recovered starting material (1, 517 mg, 56%). Continued
elution of the chromatography column afforded a second fraction which contained 2 (100 mg, 8%). The IR, IH
NMR, and 13C NMR spectra of 2 thereby are identical in all respects with the corresponding spectra obtained via
Goagg!! oxidation of 1 (vide supra).

Continued elution of the chromatography fraction afforded a third fraction, which, when concentrated in
vacuo, afforded pure 3 (i. e., heptacyclo[6.6.0.02:6,03.13,04.11 05.9.010,14)tetradecan-7-one, 8 mg, 1%) as a co-
lorless microcrystalline solid: mp 199-200.5 °C (lit.2 mp 200-201 °C). The IR, 'H NMR, and 13C NMR spectra
of this material are identical in all respects with the corresponding spectra reported previously for authentic 3.2

Subsequently, a final (fourth) chromatography fraction was collected which, when concentrated in vacuo,
afforded 4 (i. e., 1-(4’-pyridyDheptacyclo[6.6.0.02.6,03,13,04,11 05.9 010,14]tetradecane, 45 mg, 3.5%) as a
colorless oil; IR (film) 2946 (vs), 2857 (m), 1596 (s), 1540 (w), 1404 (w), 1288 (w), 704 cm"! (w); IH NMR
(CDCl3) 8 1.75-1.92 (m, 4 H), 2.44-2.72 (m, 10 H), 2.86 (d, J = 4.4 Hz, 1 H), 7.17 (AB, JaB = 6.1 Hz, 2 H),
8.43 (AB, Jap = 6.1 Hz, 2 H); 13C NMR (CDCl3) 6 42.1 (t), 42.7 (t), 51.2 (d), 51.6 (d), 52.0 (d), 52.1 (d),
52.9 (d), 53.1 (d), 53.4 (d), 53.8 (d), 54.2 (d), 62.1 (d), 62.3 (d), 67.6 (s), 121.5 (d), 149.5 (d), 157.7 (s);
mass spectrum (70 eV), m/z (relative intensity) 261 (molecular ion, 29.1), 207 (73.4), 73 (50.1), 55 (50.5), 44
(100). Anal. Calcd for C1oH19N: M;* 261.1518. Found (high-resolution mass spectrometry): M+ 261.1513.
This material solidified upon long standing at ambient temperature to afford a colorless microcrystalline solid: mp
72-73 °C. This solid was further purified via preparative tlc (silica gel stationary phase) by eluting with 20%
EtOAc-hexane. Pure 4 was thereby obtained as a colorless microcrystalline solid: mp 76.0-77.5 °C. Anal. Calcd
for C19H9N: C, 87.31; H, 7.33. Found: C, 87.54; H, 7.06.
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Oxidative Functionalization of 1 Performed By Using an Fell-&-BuOOH System.?
Method A. A solution of pyridine (17 mL) and HOAc (1.7 mL) was placed in a flask which was fitted with a
gas bubbling tube, and O2 gas was bubbled through this solution at ambient temperature. To this solution were

added sequentially Fe'(C104)2-6H20 (323 mg, 0.89 mmol), 1 (984 mg, 5.34 mmol), LiCl (174 mg, 4.11
mmol), and picolinic acid (267 mg, 2.17 mmol). Subsequently, 70% aqueous -BuOOH (1.03 g, 8.0 mmol) was
added portionwise (10 x 100 mg, each portion added at 15 minute intervals) to the reaction mixture, and the
resulting mixture was stirred at ambient temperature for 4 days. The reaction was quenched via addition of 25%
aqueous H2S8O4 (75 mL), and the resulting aqueous suspension was extracted with CH2Cl, (3 x 50 mL). The
combined organic layers were washed sequentially with saturated aqueous NaHCO3 (30 mL) and water (30 mL),
dried (MgSO4), and filtered, and the filtrate was concentrated in vacuo. The residue was purified via column
chromatography on silica gel by using a 0-30% EtOAc-hexane gradient elution scheme.

The first chromatography fraction contained recovered starting material (1, 415 mg, 42%). Continued
elution of the chromatography column afforded a second fraction which contained 2 (94 mg, 7%). The IR, IH
NMR, and 13C NMR spectra of 2 thereby are identical in all respects with the corresponding spectra obtained via
GoAggll oxidation of 1 (vide supra).

Continued elution of the chromatography fraction afforded a third fraction, which, when concentrated in
vacuo, afforded pure 3 (22 mg, 2%) as a colorless microcrystalline solid: mp 195-197 °C (lit.2 mp 200-201 °C).
The IR, TH NMR, and 13C NMR spectra of this material are identical in all respects with the corresponding
spectra reported previously for authentic 3.2

This was followed by a fourth chromatography fraction; when concentrated in vacuo, this fraction afford-
ed 5 [i. e., 1-(3’-pyridyl)heptacyclo[6.6.0.02:6,03.13 04,11 059 010,14]tetradecane, 11 mg, 0.8%] as a colorless
oil; IR (film) 2950 (vs), 2864 (s), 1733 (m), 1569 (w), 1479 (m), 1458 (m), 1412 (m), 1297 (m), 1023 (m), 806
(m), 790 (m), 714 cm"! (s); 1H NMR (CDCl3) & 1.79-1.85 (m, 4 H), 2.46-2.75 (m, 10 H), 2.90 (d, J = 4.4 Hz,
1 H), 7.17 (dd, J = 8.0, 4.6 Hz, 1 H), 7.58 (dt, J = 8.0, 2.0 Hz, 1 H), 8.36 (dd, J = 4.6, 1.1 Hz, 1 H), 8.56 (d,
J=2.0 Hz, 1 H); 13C NMR (CDCl3) 5 42.1 (1), 42.8 (1), 51.2 (d), 51.5 (d), 52.1 (d), 52.2 (d), 53.0 (d), 53.1
(d), 53.5 (d), 53.8 (d), 54.4 (d), 62.3 (2 C, d), 70.6 (s), 123.2 (d), 133.7 (d), 146.2 (d), 147.9 (d), 151.6 (s).
Anal. Calcd for C19HygN: M+ 261.15175. Found (high-resolution mass spectrometry): M+ 261.15183.

A fifth chromatography fraction was collected, which, when concentrated in vacuo, afforded pure 4 (60
mg, 5%) as a colorless microcrystalline solid: mp 76.0-77.5 °C. The IR, 1H NMR, and 13C NMR spectra of 4

thereby are identical in all respects with the corresponding spectra obtained via GoAggV oxidation of 1 (vide
supra).

Subsequently, a sixth chromatography fraction was collected. When concentrated in vacuo, this fraction
afforded pure hexacyclo[6.6.0,02:6.03.13.04.11 05.9]tetradecane-10,14-dione, (i. e., 6, 152 mg, 13%) as a color-
less microcrystalline solid: mp 292-293 °C (lit.32 mp 293.5-294.5 °C). The IR, IH NMR, and 13C NMR spectra
of this material are identical in all respects with the corresponding spectra reported previously for authentic 6.3

Finally, the last (seventh) chromatography fraction was collected and subsequently was concentrated in
vacuo. Pure 14-hydroxyhexacyclo[6.6.0,02.6.03:13 0411 059)tetradecan-10-one (i. e., 7, 25 mg, 2%) was there-
by obtained as a colorless microcrystalline solid: mp 288-290 °C (lit.32 mp 291-292 °C). The IR, !H NMR, and
13C NMR spectra of this material are identical in all respects with the corresponding spectra reported previously
for authentic 7.3a

Method B. A solution of pyridine (20 mL) was placed in a flask which was fitted with a gas bubbling
tube, and O2 gas was bubbled through this solution at ambient temperature. To this solution were added sequen-
tially Fell(C104)2-6H20 (253 mg, 0.70 mmol), 1 (859 mg, 4.66 mmol), LiCl (148 mg, 3.5 mmol), picolinic acid
(258 mg, 2.10 mmol), and ascorbic acid (123 mg, 0.70 mmol). Subsequently, 70% aqueous +-BuOOH (1.26 g,
9.8 mmol) was added portionwise to the reaction mixture (10 x 90 mg, each portion added at 15 minute intervals,
followed by 4 x 90 mg portions, which were added at 24 h intervals), and the resulting mixture was stirred at
ambient temperature for 5 days. The reaction was quenched via addition of 25% aqueous H2SO4 (80 mL), and the
resulting aqueous suspension was extracted with CH2Clz (3 x 50 mL). The combined organic layers were washed
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sequentially with saturated aqueous NaHCOj3 (30 mL) and water (30 mL), dried (MgSOy), and filtered, and the
filtrate was concentrated in vacuo. To the residue was added 5% aqueous HCI (25 mL), and the resulting aqueous
suspension was stirred at ambient temperature for 2 h. The aqueous suspension was extracted with Et2O (5 x 20
mL).The combined ethereal extracts were set aside, and the aqueous layer was rendered basic via careful addition
of saturated aqueous NaHCO3 (25 mL), and the resulting suspension was extracted with CH2Cl2 (3 x 50 mL).
The combined extracts wre washed with water (30 mL), dried (MgSQO4), and filtered, and the filtrate was concen-
trated in vacuo. Analysis of the 1H and 13C NMR spectra of the residue thereby obtained (153 mg, 12.6%)
revealed that it consisted exclusively of a mixture of three isomeric pyridyl-substituted HCTDs (i. e., 2, 4, and
5). The combined ethereal extracts (vide supra) were washed with water (30 mL), dried (MgSO4), and filtered,
and the filtrate was concentrated in vacuo. The residue was purified via column chromatography on silica gel by
using a 0-40% EtOAc-hexane gradient elution scheme. The first chromatography fraction contained recovered
starting material (1, 358 mg, 42%). Continued elution of the chromatography column afforded fractions which
contained the following products (collected sequentially): 3 (31 mg, 3.4%), 6 (140 mg, 14%), and 7 (26 mg,
2.6%).

Oxidative Functionalization of 1 Performed By Using an Fell-H20; System.” Method A.
A solution of pyridine (20 mL) and glacial HOAc (2.0 mL) was placed in a flask which was fitted with a gas
bubbling tube, and O2 gas was bubbled through this solution at ambient temperature. To this solution were added
sequentially Fell(C104)2-6H20 (330 mg, 0.91 mmol), 1 (1.01 g, 5.48 mmol), LiCl (174 mg, 4.11 mmol), and
picolinic acid (303 mg, 2.45 mmol). Subsequently, 30% aqueous H,O2 (931 mg, 8.22 mmol) was added
portionwise to the reaction mixture (10 x 93 mg, each portion added at 15 minute intervals) followed by ascorbic
acid (160 mg, 0.91 mg, which was added portionwise to the reaction mixture (5 x 32 mg, each portion added at
30 minute intervals), and the resulting mixture was stirred at ambient temperature for 3 days. It was noted that a
solid precipitated gradually during the reaction; thus, pyridine (4 mL) was added after the reaction had proceeded
for 24 h in order to redissolve this precipitate. The reaction was quenched via addition of 25% aqueous H3SO4
(80 mL), and the resulting aqueous suspension was extracted with CH2Cla (3 x 50 mL). The combined organic
layers were washed sequentially with saturated aqueous NaHCOj3 (30 mL) and water (30 mL), dried (MgSOy4),
and filtered, and the filtrate was concentrated in vacuo. The residue thereby obtained was purified via column
chromatography on silica gel by using a 0-30% EtOAc-hexane gradient elution scheme. The first chromatography
fraction contained recovered starting material (1, 636 mg, 63%). Continued elution of the chromatography column
afforded fractions which contained the following products (collected sequentially): 2 (47 mg, 3.3%), 3 (15 mg,
1.4%), 5 (6 mg, 0.4%), 4 (32 mg, 2.2%), and 6 (53 mg, 4.5%).

Method B. A solution of pyridine (30 mL) and glacial HOAc (1.0 mL) was placed in a flask which was
fitted with a gas bubbling tube, and O, gas was bubbled through this solution at ambient temperature. To this
solution were added sequentially Fell{C104)2-6H20 (296 mg, 0.82 mmol), 1 (905 mg, 4.91 mmol), LiCl (156
mg, 3.68 mmol), picolinic acid (272 mg, 2.21 mmol), and ascorbic acid (144 mg, 0.82 mmol). Subsequently,
30% aqueous H202 (1.17 mg, 10.3 mmol) was added portionwise to the reaction mixture (10 x 83 mg, each
portion added at 15 minute intervals (10 x 83 mg, each portion added at 15 minute intervals, followed by 4 x 83
mg portions, which were added at 24 h intervals), and the resulting mixture was stirred at ambient temperature for
5 days. The reaction was quenched via addition of 25% aqueous HSO4 (120 mL), and the resulting aqueous
suspension was extracted with CH2Cl2 (3 x 50 mL). The combined organic layers were washed sequentially with
saturated aqueous NaHCO3 (30 mL) and water (30 mL), dried (MgSOy4), and filtered, and the filtrate was
concentrated in vacuo. To the residue was added 5% aqueous HCI (25 mL), and the resulting aqueous suspension
was stirred at ambient temperature for 2 h. The ageuous suspension was extracted with EtzO (5 x 20 mL).The
combined ethereal extracts were set aside, and the aqueous layer was rendered basic via careful addition of
saturated aqueous NaHCO3 (25 mL), and the resulting suspension was extracted with CH2Cl2 (3 x 50 mL). The
combined extracts wre washed with water (30 mL), dried (MgSOy), and filtered through a Celite® pad. The
residue was washed with a small quantity of CHClp, and the combined filtrates were concentrated in vacuo.
Analysis of the 1H and 13C NMR spectra of the residue thereby obtained (86 mg, 6.7%) revealed that it consisted
exclusively of a mixture of three isomeric pyridyl-substituted HCTDs (i. €., 2, 4, and 5). The combined ethereal
extracts (vide supra) were washed with water (30 mL), dried (MgSQy), and filtered, and the filtrate was
concentrated in vacuo. The residue was purified via column chromatography on silica gel by using a 0-40%
EtOAc-hexane gradient elution scheme. The first chromatography fraction contained recovered starting material
(1, 640 mg, 71%). Continued elution of the chromatography column afforded fractions which contained the
following products (collected sequentially): 3 (21 mg, 2.2%), 6 (85 mg, 8.1%), and 7 (8 mg, 0.8%).



1264

A. P. MARCHAND et al.

Acknowledgment. We thank the Office of Naval Research (Grant N00014-94-1-1039, A. P. M.), the

United States Air Force (Contract F29601-92-K-0018, A. P. M.), the Robert A. Welch Foundation [Grants B-
963 (A. P. M.) and B-1202 (S. G. B.)), and the University of North Texas Faculty Research Committee (S. G.
B.) for financial support of this study. We also thank Quest International for financial support (D. H. R. B.) and
Dr. W.-G. Liu for having kindly assisted with experimental investigations of oxidative functionalization of 1,
which were performed by using Gif-type reagents.

R A A

11.

13.

References and Footnotes

(a) Marchand, A. P. In Advances in Theoretically Interesting Molecules; Thummel, R. P., Ed.; JAL
Greenwich, CT; 1989, Vol. 1, pp 357-399. (b) Marchand, A. P. Synlett 1991, 73. (c) Marchand, A. P.
Aldrichimica Acta 1995, 28, 95.

Albert, B.; Elsisser, D.; Martin, H.-D.; Mayer, B.; Chow, T. J.; Marchand, A. P.; Ren, C.-T.; Paddon-
Row, M. N. Chem. Ber. 1991, 124, 2871.

(a) Chow, T. J.; Wu, T.-K. J. Org. Chem. 1988, 53, 1102. (b) Chow, T. J; Feng, J.-J.; Shih, H.-J.;
Wu, T.-K.; Tseng, L.-H.; Wang, C.-Y.; Yu, C. J. Chin. Chem. Soc. 1988, 35, 291.

Barton, D. H. R.; Eaton, P. E.; Liu, W.-G. Tetrahedron Lett. 1991, 32, 6263.

Barton, D. H. R.; Doller, D. Acc. Chem. Res. 1992, 25, 504.

About-Jaudet, E.; Barton, D. H. R.; Csuhai, E.; Ozbalik, N. Tetrahedron Lett. 1990, 31, 1657.
Prosser-McCartha, C.; Hill, C. L. J. Am. Chem. Soc. 1990, 112, 3671.

Barton, D. H. R.; Chavasiri, W. Tetrahedron, 1994, 50, 19.

Barton, D. H. R.; Chabot, B. M.; Delanghe, N. C.; Hu, B.; Le Gloahec, V. N_; Wahl, R. U. R.
Tetrahedron Lett. 1995, 36, 7007.

Barton, D. H. R.; Hu, B.; Taylor, D. K.; Rojas-Wahl, R. U. J. Chem. Soc., Perkin Trans. 2 "1996,
1031.

Barton, D. H. R.; Boivin, J.; Gastiger, M.; Morczycki, J.; Hay-Motherwell, R. S.; Motherwell, W. B.;
Ozbalik, N.; Schwartzentruber, K. M. J. Chem. Soc., Perkin Trans. 1 1986, 947. (b) Barton, D. H. R.;
Boivin, I.; Motherwell, W. B.; Ozbalik, N.; Schwartzentruber, K. M.; Jankowski, K. Nouveau J. Chim.
1986, 10, 387. (c) Barton, D. H. R.; Halley, F.; Ozbalik, N.; Schmitt, M.; Young, E. Balaboine, G. J.
Am. Chem. Soc. 1989, 111, 7144. (d) Balavoine, G.; Barton, D. H. R.; Boivin, J.; Gref, A.; Hallery,
L; Ozbalik, N.; Pestana, J. A. Riviére, H. New J. Chem. 1990, 14, 175.

(a) Bardin, C.; Barton, D. H. R.; Hu, B.; Rojas-Wahl, R.; Taylor, D. K. Tetrahedron Lett. 1994, 35,
5905. (b) Barton, D. H. R. Synlent 1996, 237.

Barton, D. H. R.; Taylor, D. K. “Fell-FelV and Felll-FeV Manifolds in an Expanded World of Gif Chem-
istry” In: Werner, H.; Sundermeyer, J. (Eds.) Proceedings of the Second Symposium on Stereoselective
Reactions of Metal-Activated MoleculesWiirzburg, Vieweg and Son: Braunschweig-Wiesbaden, 1995,
3-15.

(Received in USA 1 October 1996; revised 25 November 1996; accepted 26 November 1996)



