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The synthesis of a novel, cage spiro-oxetane was

carried out. Pentacyclo[5.4.0.02 ,6 .03 ,10 .05 ,9]undecane-8-

one (PCUD-8-one) undergoes one-carbon homologation to a

mixture of endo- and exo- PCUD-carboxaldehydes which then

are converted into 8,8-bis(hydroxymethyl)PCUD. The

monotosylate obtained via reaction of 8,8-

bis(hydroxymethyl)PCUD with tosyl chloride(1 equivalent)

reacts with sodium hydride to afford the corresponding

spiro-oxetane via intramolecular Williamson reaction.

Six new substituted heptacyclo[6.6.0.0 2 ,6 .03 ,13.04,11.

05 ,9 .010,14 ]tetradecanes (HCTD) were synthesized. These

compounds will be used as substrates in a photoelectron

spectroscopic study.

The ring-expansion reaction of PCUD-8-one with ethyl

diazoacetate in the presence of BF3 :OEt2 was performed. The

major product was converted into an alcohol, and the

structure of the 3,5-dinitrobenzoate of this alcohol was

elucidated by single crystal x-ray structural analysis.
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CHAPTER I

SYNTHESIS OF A NOVEL, CAGE SPIRO-OXETANE

Introduction

The development of new high-energy hydrocarbon fuels

for use in volume-limited, air-breathing missiles has

accelerated greatly in the past several years. Highly

strained, saturated polycyclic cage molecules, owing to

their high densities and high net volumetric heats of

combustion, are particularly valuable for this study.(1)

However, many of the polycyclic hydrocarbon candidate fuels

are highly volatile. For example, pentacyclo[5.4.0.02 ,6 .

03, 1 0 .05, 9 ]undecane (PCUD), a potential candidate for the

fuel, sublimes readily from fuel mixtures at elevated

storage temperature and is consequently lost. In order to

circumvent such difficulties, researchers have become

interested in incorporating the fuel into a polymer network.

(1,2) Some approaches to synthesizing PCUD-containing

polymers are shown below.

THF

1 J2

Figure 1. TiO promoted polymerization of PCUD-8-one and

PCUD-8,11-dione.

1
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Figure 1. (continued)

As part of an ongoing program in this area, the

synthesis of a new substituted PCUD, i.e., oxetane

derivative 2'was undertaken.

2

In particular, the ring-opening, cationic polymerization of

2 may provide a new route for synthesizing high density,

high energy polycyclic polymers. The polymerization of some

bulky spirooxetanes has been reported by Campbell and Foldi.

(3)

The method most commonly used for the preparation of

oxetanes is the intramolecular Williamson reaction.

Typically, it consists of the reaction of 1,3-halohydrins

with alkali, which forms the cyclic ether with the loss of

hydrogen halide. Substituents appear to have a marked

effect on the formation of oxetane. The effect of the alkyl
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substituent depends greatly on the position of substitution.

Dialkyl substitution on the central carbon atom of the

three-carbon moiety decreases the yield of oxetane. The

reason is that such substituents promote conjugate

elimination in the basic medium because of the tendency of

the Y-halogenoalkoxide ion to undergo cleavage, or

fragmentation.(4)

alkali

HO-CH 2 -CR2 -CH 2-Br-90O-CH2 -CR2 -CH2 -Br--->HCHO + CR2 =CH2

Mono-p-toluenesulfonates of 1,3-diols are usually used

to synthesize bicyclic, polycyclic and spiro-oxetanes (4),

e.g., 7-oxabicyclo[4.2.0]oxetanes 3, 1-oxaspiro[3.5]nonane

4, and 3,5-epoxycholestane 5.

R 0

00

R 
0 P

3 4 5.

The yield of the cyclization product is somewhat better than

is usually obtained for this type of reaction starting with

the bromohydrin. However, the low yield of the monoester

that is obtained from the diol can offset this advantage.

Pentacyclo[5.4.0.02,6 .03,1 0 .05 ,9 ]undecane-8-one, 1,

obtained via Wolff-Kishner reduction of the monoethylene

ketal of the pentacyclo[5.4.0.02 ,6 .0 3 , 1 0 .0 5 ,9 ]undecane-

lompool moil
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8,11-dione (5) was used as starting material for the

synthesis of oxetane 2.

0 0

Benzene, Reflux (HOCH2CH2 20,

0 (Dean-Stark apparatus) 2000C, 8h

H2 0/THF

Reflux 0

Figure 2. The synthesis of PCUD-8-one from PCUD-8,11-dione.

Several methods have been developed for one-carbon

homologation of carbonyl compounds to aldehydes.(6,7,8)

The most convenient method, that described by Levine, was

employed in this study.(9)

0PH7P=CHOCH- HSC H+CHO

OCH3

Figure 3. One-carbon homologation of cyclohexanone to

cyclohexanecarboxaldehyde.

Compound 1, when treated with the ylide derived from

methoxymethyltriphenlphosphonium bromide, afforded enol

ethers 6a and 6b which subsequently were hydrolyzed to the

corresponding aldehydes(7a and 7b, respectively; see Figure

4). Reaction of these aldehydes with formaldehyde in the

presence of a strong base proceeds via crossed aldol

condensation, thereby resulting in replacement of the 6-

hydrogen atom by hydroxymethyl. This is followed by

Now"
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irreversible crossed Cannizaro reactions which convert the

mixture of hydroxymethyl-substituted aldehydes to the

corresponding diol, 8. Compounds 9a and 9b were obtained by

treating 8 with the p-toluenesulfonyl chloride in the

presence of pyridine. Compounds 9a and 9b react with sodium

hydride, and the alkoxide anion thereby formed undergoes the

intramolecular Williamson reaction to afford oxetane 2 with

loss of OTs- .

Results and Discussion

Ph3 PCH20CH3Br, n.-BuLi

OCH3  / OCH3
H

6a 6b

H2 0/THF,rt H+H"'CHO (CH2 oH)2 , Reflux

CHO H
7a 7b

TsCl, Py.

CH20HO H OH20H *'CH2 0TS

CH2 OH CH20TS CH2 OH
9a 9b

Figure 4. The synthesis scheme of cage spiro-oxetane from
PCUD-8-one.
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NaH

THF, rt

2

Figure 4. (continued)

1. 8-Methoxymethylenepentacyclo-

[5.4.0.0 2 ,6.03 ,10 .05 ,9 ]undecanes, 6a and 6b.

The 1H NMR spectrum of a mixture of 6a and 6b displays

peaks that correspond to sixteen protons. The resonance at

3.50 (singlet, area 3H) corresponds to the methoxy group.

At ca.6 5.70 two singlets are observed that correspond to

the vinyl proton in 6a and 6b.

The 13C NMR spectrum of a mixture of 6a and 6b displays

twenty-four of the expected twenty-six resonances. In the

downfield spectral region, two pairs of peaks are observed.

The pair at ca.6 136 corresponds to the quaternary vinyl

carbon in 6a and 6b. The other pair, situated at ca.6 123,

corresponds to the corresponding secondary vinyl carbon

atoms. Two pairs of methylene groups appear in the

aliphatic 1 3 C region as revealed by an attached proton test

(APT).

The molecular ion in the mass spectrum of a mixture of

6a and 6b is observed at m/e 188. All of the spectral
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evidence is consistent with the structures suggested for 6a

and 6b.

2. 8-Formylpentacyclo[5.4.0.02 ,6.03 ,10.05,9]>

undecanes, 7a and 7b.

In the 1H NMR spectrum of a mixture of 7a and 7b, two

singlets are observed at6 9.5-10.0 that correspond to the

aldehyde protons in 7a and 7b. Fourteen protons are

observed.

The 13C NMR spectrum of 7a and 7b displays twelve peaks

for the major isomer. APT of the downfield spectral region

indicates the presence of an aldehyde carbonyl group

resonance at 6 204.0.

The molecular ion in the mass spectrum of a mixture of

7a and 7b is observed at m/e 174, which is in agreement with

the assigned structures.

The cage aldehyde is very readily air-oxidized to the

corresponding carboxylic acid at room temperature.

3. 8, 8-Bishydroxymethylpentacyclo[5.4.0.0 2 ,6 .

03 ,1 0 .05 ,9 ]undecane, 8.

The IR spectrum of 8 shows a broad band at 3330 cm-1 ,

indicating the presence of hydroxyl groups. In the 1 H NMR

spectrum of 8, eighteen protons are observed. In the

downfield spectral region, two AB patterns (area 4H) at ca.

6 4.0 and6 3.2 correspond to the two nonequivalent methoxy

groups.
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In the 1 3 C NMR spectrum of 8, thirteen peaks are

observed. APT reveals the presence of four methylene groups

and one quaternary carbon. Two of methylene groups appear

at 6 66.26 and 6 70.13. These can be assigned readily to the

two nonequivalent methoxy carbons in 8.

The molecular ion is not observed in the mass spectrum

of 8. However, the fragment at m/e 175 results from loss of

-CH 2 0H (M-31). The spectral evidence presented above is in

agreement with the assigned structure of 8.

4. Monotosylates of 8,8-bishydroxymethylpentacyclo-

[5.4.0.02 ,6.03 ,1 0 .05 ,9 ]undecane, 9a and 9b.

In the 1 H NMR spectrum of 9a and 9b, twenty protons can

be accounted for by integrating of the proton NMR spectrum.

Two multiplets appear at ca.6 7.2-7.8 (area 4H) which are

assigned to the aromatic protons.

The 13C NMR spectrum of 9a and 9b displays thirty-five

of the expected carbon resonances. In the downfield

spectral region, four pairs of peaks at ca. 6 128-144 are

observed which correspond to the aromatic carbons in 9a and

9b. APT reveals the presence of four pairs of secondary

carbons and three pairs of quaternary carbons, as required

by the structures suggested for 9a and 9b.

The molecular ion is not observed in the mass spectrum

of 9a and 9b. However, the fragment at m/e 188 results

because of the loss of the element of TsOH from 9a and 9b.
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5. Spiro(trimethylemeoxide -3',8- pentacyclo-

[5.4.0.02,6.03,l 0 .05 ,9]undecane), 2.

In the 1 H NMR spectrum of 2, sixteen protons are

observed. Two multiplets that appear at 6 4.2-4.6 (area 4H)

can be assigned to the methylene protons in the oxetane

ring.

In the 13C NMR spectrum of 2, thirteen peaks are

observed. APT reveals two secondary carbons at 6 77.76 and

83.49 which correspond to the two oxetane ring methylene

groups. In addition, two secondary carbons at6 28.75 and 6

34.59 correspond to the two methylene groups in the PCUD

moiety, and one quaternary carbon was observed at 6 46.86.

The molecular ion in the mass spectrum of 2 was

observed at m/e 188, which is in agreement with the

structure assigned for 2.

Experiment

Melting points and boiling points are uncorrected.

Proton and 1 3C NMR spectra were recorded on a JEOL FX-90Q

NMR spectrometer and a VXR-300 NMR spectrometer. In all

cases, signals are reported in parts per million (6)

downfield from internal tetramethylsilane. Infrared spectra

were obtained by using a Perkin-Elmer Model 1330 infrared

spectrophotometer. Mass spectra were obtained by using a

Hewlett-Packard Model 5970A GC/MS system operating at 70eV.

Elemental microanalyses were performed by Galbraith
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Laboratories, Inc., Knoxville, TN.

1. 8-Methoxymethylenepentacyclo[5.4.0.02 ,6 .03 ,10.05,9-

undecanes, 6a and 6b.

A stirred suspension of

12.Og (90%, 31.5 mmol)

of methoxymethyltriphenyl-

CH3 / OCH3 phosphonium chloride in 200/ COCH
H

mL of dry THF was cooled to

6a 6b 0 C via application of an

external ice bath and then treated with 12.5 mL of a hexane

solution containing 31.5 mmol of n-butyllithium. The red-

orange color characteristic of the ylide developed

immediately. After the resulting mixture had been stirred

for 30 min at 0CC, a solution of monoketone, 1, (4.8g, 30.0

mmol) in 25 mL of dry THF was added over 5 min. The

resulting solution was stirred for lh and then allowed to

warm to room temperature. The reaction mixture was

transferred into a separatory funnel and washed with water

(3 x 30 mL). The organic layer was dried (anhydrous

magnesium sulfate), filtered, and concentrated in vacuo.

The oily residue was distilled under reduced pressure to

afford 6a and 6b (mixture of Z and E isomers) as a colorless

oil (3.9g,, 69%): bp 95-960 C (2.0mm); 1H NMR (CDCI3 )6 1.03-

1.10 (m,1H ), 1.20-1.30 (m,2H), 1.62-1.69 (t,1H), 3.45-3.50

(d,3H), 5.70 (s,0.6H), 5.75 (s, 0.4H); 13C NMR (CDCl3 )6

29.76 (t), 29.93 (t), 34.70(t), 34.86 (t), 36.14 (d), 38.07
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(d), 38.92 (d), 39.46 (d), 42.69 (d), 42.79 (d), 42.99 (d),

43.10 (d), 44.12 (d), 45.06 (d), 46.31 (d), 46.40 (d), 46.57

(d), 46.73 (d), 59.29 (q), 59.35 (q), 122.76 (s), 123.07

(s), 136.07 (d),136.34 (d);IR (neat): 2990 (s), 2880 (m),

2130 (m), 1690 (s), 1460 (m), 1370 (m) cm-1; mass spectrum

(70 eV), m/e (relative intensity) 189 (2.6), 188 (M+, 19.1),

122 (100.0), 109 (23.4), 91 (32.9), 79 (28.7), 77 (32.7).

Anal. Calcd. for C1 3 H1 60: C, 83.20; H, 8.42. Found:

C, 82.94; H, 8.57.

2. 8-Formylpentacyclo[5.4.0.02 ,6 .03 , 10 .05 ,9 ]undecane, _

7a and 7b.

A mixture of enol ethers 6a and 6b

(3.8g, 20.0 mmol) was dissolved in

nH ,"CH O
50 mL of THF in a round-bottom

CHO H
7a 7b flask equipped with a magnetic

stirrer. The contents of the flask were maintained under

nitrogen. Water (50 mL) was added, and the mixture was

purged of oxygen by bubbling a nitrogen steam through the

mixture for 30 min. Concentrated hydrochloric acid (37%,

5.0 mL) was then added to achieve a ca. 1.0 N solution of

HC1. The resulting mixture was stirred at room temperature

overnight. The acidic solution was poured into excess 5%

aqueous sodium bicarbonate solution, and the resulting

mixture was extracted thoroughly with diethylether (2 x 100

mL). The combined organic layers were washed sequentially

with water ( 2 x 20 mL) and brine (25 mL), dried (anhydrous

, I., W" -4-s - : " , , , - -I-- -- "
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magnesium sulfate), filtered, and the filtrate was

concentrated in vacuo to afford 7a and 7b (mixture of exo

and endo isomers) as a colorless oil (3.4g, 100%): H NMR

(CDCl3 )6 0.96-1.166 (m, 2H), 1.17-1.20 (d, 1H), 1.22-1.25

(d, 1H), 2.05-2.78 (m, 8H), 2.97-3.077 (m, 1H), 9.55 (s,

0.07H), 9.98 (s, 0.93H); 13 C NMR (CDCl3 )S 30.46 (t), 34.21

(t), 36.00 (d), 37.25 (d), 41.43 (d), 41.85 (d), 42.19 (d),

43.11 (d), 46.12 (d), 46.39 (d), 55.38 (d), 204.02 (d); IR

(neat) 2990 (s), 2900 (m), 2730 (m), 1710 (s), 1470 (m),

1400 (m) cm-1 ; mass spectrum (70 eV), m/e (relative

intensity), 175 (1.9), 174 (M+, 14.2), 115 (12.6), 108

(36.8), 91 (21.7), 79 (100.0).

An analytical sample was obtained as a derivative of

2,4-dinitropherylhydrazone by reaction of aldehydes with

2,4-dinitrophenylhydrazine.

3. 2,4-Dinitrophenylhydrazone of 8-formylpentacyclo-

[5.4.0.0 2 ,6 .03 ,10.05 ,9]undecanes, 7c and 7d.

To a mixture of 2,4-

02 dinitrophenyihydrazine

C =N-NH NO2  (400 mg, 2.0 mmol) and

H water (3.0 mL) in a

7c and 7d small Erlenmeyer flask

was added concentrated sulfuric acid (2.0 mL) by drops with

swirling, and then ethanol (10.0 mL) was added. The clear

solution was added slowly to a solution of aldehydes 7a and

7b (200 mg, 1.1 mmol) in ethanol 10.0 mL. The resulting
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solution was allowed to stand at room temperature for lh,

after which time the solution was cooled and filtered. The

solid material was recrystallized from the ethanol-methylene

chloride mixture solvent, thereby affording 7c and 7d

(mixture of isomers) as an orange microcrystalline solid

(340 mg, 85%): mp 171-172OC; 1H NMR (CDCl3 )6 0.85-1.82

(overlapping, 4H), 2.25-2.52 (m.4H), 2.60-2.80 (m,4H), 3.00

and 3.30 (m, 1H), 7.82-7.97 (m, 2H), 8.25-8.35 (m, 1H),

9.16-9.18 (m, 1H), 11.00 (s, 1H); 13C NMR (CDCl3)6 29.67

(t), 29.92 (t), 34.16 (t), 34.26 (t), 36.03 (d), 36.11 (d),

38.80 (d), 41.00 (d), 41.28 (d), 41.48 (d), 42.08 (d), 42.21

(d), 44.52 (d), 44.81 (d),, 45.06 (d), 46.25 (d), 46.54 (d),

46.80 (d), 116.42 (d), 116.53 (d), 123.38 (d), 123.51 (d),

128.63 (s), 129.88 (d), 130.00 (d), 137.57 (s), 145.07 (s),

152.39 (d), 154.54 (d); IR (KBr) 3310 (s), 3100 (m), 1130

(m), 1090 (i), 935 (m), cm-1 ; mass spectrum (70 eV), m/e

(relative intensity) 355 (17.6), 281 (46.7), 221 (30.6), 147

(34.9), 73 (100.0).

Anal. Calcd. for C1 8 H1 8 N4 04 : C, 61.01; H, 5.12. Found:

C, 60.68; H, 5.46.

4. 8,8-Bishydroxymethylpentacyclo[5.4.0.0 2 ,6 . 03,10.

05, 9 ]undecane, 8.

To an ice cold mixture of aldehydes

7a and 7b (4.0 g, 23.0 mmol),

CH2 0H ethylene glycol (25 mL) and 37%

8 CH20H aqueous formaldehyde solution (10
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mL) was added an aqueous potassium hydroxide solution (50%,

10 mL) by drops with stirring. After all of the alkali

solution had been added, the reaction flask was fitted with

a reflux condenser, and the reaction mixture was refluxed

for 6h. The reaction mixture was then allowed to cool to

room temperature. The cooled reaction mixture was diluted

with water (100 mL), and then extracted with methylene

chloride (4 x 50 mL). The combined organic layers were

washed with water (3 x 30 mL), dried (anhydrous magnesium

sulfate), and filtered, and the filtrate was concentrated in

vacuo. A pale yellow solid was thereby obtained.

Recrystallization of this material from chloroform afforded

8 as a colorless microcrystalline solid (3.7 g, 78.2 %): mp

111-1120 C; 1 H NMR (CDCl3 )6 1.03-1.10 (m, 1H), 1.16-1.21 (d,

1H), 1.58-1.63 (d, 1H), 1.75-1.82 (d, 1H), 2.10-2.21 (m,

2H), 2.30-2.41 (m, 3H), 2.46-2.60 (m, 2H), 2.67-2.76 (b,

1H), 2.87-2.98 (b, 2H), 3.15-3.20 (d, 1H), 3.33-3.38 (d,

1H), 3.86-3.92 (d, 1H), 4.02-4.08 (d, IH); 13C NMR (CDCl3 )6

29.87 (t), 33.30 (t), 36.11 (d), 39.50 (d), 41.49 (d), 41.77

(d), 42.18 (d), 43.80 (d), 44.47 (d), 47.14 (d), 50.13 (s),

66.26 (t), 70.13 (t); IR (KBr) 3330 (vs), 2985 (s), 2890

(m), 1475 (m), 1420 (m), 1375 (m), 1115 (m), 1045 (s), 1025

(s) cm-1 ; mass spectrum (70 eV), m/e (relative intensity)

176 (4.4), 175 (31.8), 158 (25.8), 157 (22.4), 129 (18.1),

115 (12.6), 91 (50.8), 79 (100.0).
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Anal. Calcd. for C13H1802 : C, 75.92; H, 8.98. Found:

C, 75.69; H, 8.80.

5. Monotosylates of 8,8-bishydroxymethylpentacyclo-

[5.4.0.02 ,6 .03 ,1 0 .05 ,9 ]undecane, 9a and 9b.

To a precooled (ice

bath) solution of diol

'H20H CH20TS 8 (7.30 g, 35.4 mmol)

CH2 0TS CH2 OH in dry pyridine (80 mL)
9a 9b

was added p-toluene-

sulfonyl chloride (6.70 g, 35.0 mmol) in one portion, and

the resulting mixture was stirred at room temperature for

36h. The reaction mixture was poured into ice water (200

mL) and the resulting mixture was extracted with methylene

chloride (3 x 100 mL). The combined organic layers were

washed sequentially with ice-cold 5N aqueous HCl solution (3

x1OO mL) andwith water (2 x 50 mL), dried (anhydrous

magnesium sulfate), and filtered. The filtrate was

concentrated in vacuo. The residue was then purified via

column chromatography on silica gel (10-20% ethyl acetate-

hexanes eluent). A mixture of 9a and 9b was thereby

obtained as a colorless, viscous oil (7.80 g, 61.3 %): IH

NMR (CDCl3 )6 0.85-1.22 (m,2H), 1.41-1.57 (m, 2H), 2.00-2.72

(m, 12H), 2.95-3.00 (d,1H), 3.17-3.22 (d, 1H), 3.67-3.86 (m,

1H), 4.25-4.37 (q, 2H), 7.25-7.32 (m, 2H) 7.68-7.76 (m, 2H);

13C NMR (CDCl3 )6 21.40 (q), 29.27 (t), 29.39 (t), 32.82 (t),

32.90 (t), 35.85 (d), 36.13 (d), 38.28 (d), 38.86 (d), 41.10

WOW 
mam"Nommomm-I RXWNNNWNWWI
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(d), 41.31 (d), 41.39 (d), 41.51 (d), 41.62 (d), 41.74 (d),

43.24 (d), 43.60 (d), 43.66 (d), 44.02 (d). 46.90 (d).46.94

(d), 48.34 (s), 49.70 (s), 62.68 (t), 65.46 (t), 71.58 (t),

74.72 (t), 127.59 (d), 127.64 (d), 129.61 (d), 129.67 (d),

132.40 (s), 132.63 (s), 144.53 (s), 144.64 (s); IR (neat)

3570 (s), 2990 (s), 2910 (m), 1600 (w), 1365 (s), 1190 (s),

1115 (m), 1055 (m) cm-1 ; mass spectrum (70 eV), m/e

(relative intensity) 188 (16.6), 157 (100.0), 142 (11.3),

129 (20.0), 115 (11.4), 91 (60.9), 79 (33.8).

Anal. Calcd. for C20H2404S: C, 66,64; H, 6.71.

Found : C, 66.19; H, 6.85.

6. Spiro[trimethyleneoxide-3',8-pentacyclo-

[5.4.0.02,6.03, 10.05 ,9]undecane, 2.

A suspension of sodium hydride (480

mg, 20 mmol) in dry THF (100 mL) was

- stirred under nitrogen atmosphere at

00C. A solution of 9a and 9b (mixture of isomers, 3.60 g,

10.0 mL) in dry THF (50 mL) was added during 10 min. The

resulting mixture was stirred at ambient temperature for 3

days. The reaction was quenched by addition of methanol to

decompose excess sodium hydride. The resulting mixture was

transferred into a separatory funnel and washed with water

(2 x 20 mL). The organic layer was dried (anhydrous

magnesium sulfate), filtered, and concentrated in vacuo.

The oily residue was sublimed in vacuo, thereby affording 2

as a colorless, waxy solid (800 mg, 42.5%). An analytical

WNW- -0-
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sample of 2 was obtained via repeated sublimation. Pure 2

was thereby obtained as a waxy solid: mp 102-103 OC; 1H NMR

(CDCl3 )6 0.68-1.42 (overlapping, 3H), 1.55-1.73 (m, 1H),

2.00-2.85 (overlapping, 8H), 4.17-4.35 (m, 2H), 4.46-4.63

(m, 1H), 4.67-4.75 (m, 1H); 13C NMR (CDCl3 )6 28.75 (t),

34.59 (t), 35.70 (d), 41.28 (d), 41.77 (d), 42.01 (d), 43.44

(d), 43.55 (d), 46.32 (d), 46.86 (s), 50.25 (d), 77.76 (t),

83.49 (t), IR (KBr) 2990 (s), 2890 (s), 1465 (m), 1310 (m),

1285 (m), 1190 (m), 995 (s), 965 (s) cm- 1 ; mass spectrum (70

eV), m/e (relative intensity) 188 (M+, 17.0), 158 (53.2),

128 (17.1), 115 (19.4), 92 (100.0).

Anal. Calcd. for C1 3 H16 0: C, 82.94; H, 8.57. Found:

C, 82.86; Q.H, 8.62.
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CHAPTER II

SYNTHESIS OF NOVEL, SUBSTITUTED HEPTACYCLO-

[6.6.0.02,6.03,13.04,11.05,9.010,14]TETRADECANES

Introduction

Currently, there is considerable interest in the

synthesis and chemistry of new, substituted heptacyclo-

[6.6.0.02,6.03,13.04,11.05,9.010, 1 4 ]tetradecanes (HCTD, 1)

(1-5). The highly symmetrical structure of HCTD has been a

source of fascination to both organic and theoretical

chemists since its discovery in 1961. Some 7, 12-

disubstituted derivatives of HCTD have been synthesized via

transition metal-promoted cyclodimerization of two 7-

substituted norbornadiene moieties. This reaction has

provided a reasonably efficient method for synthesizing this

highly compact polycyclic system which otherwise would be

difficult to prepare.(5) However, to our knowledge, the

syntheses of only a few functionalized HCTD's have been

reported. Some representative structure are shown below.

Transition metals [i.e., Fe(O) and Mo(O)] promoted

dimerization of 7-substituted norbornadienes have been

utilized for the synthesis of 2 (L), 3 (2), 4 (2), and 7

(3). Compounds 8 and 9 are obtained by oxidation 1 with

lead tetraacetate in the presence of trifluoroacetic acid.
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(5.)

oC(CI 3 )3

OC(CH3 )3

0
OH

OH

OH 0

0-

0--

OH

OCH3

Oc 
OCH 3

4 0

OH

5 6 7 8 9

Figure 5. Formulas of HCTD and its derivatives.

As part of- the program designed to explore the synthesis

and chemistry of novel functionalized HCTD's, the synthesis

of six new HCTD derivatives (10-15) is described below.

2 HjH2 H [ [2 00 0

CH 2  0 0

10 11 12 13 14 15

Figure 6. Formulas of six new HCTD derivatives.

1
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Compounds 10 and 6, like the parent hydrocarbon 1,

possess unusual properties of symmetry; both compounds are

members of the rare class of rigid, polycarbocyclic organic

molecules that belong to point group D2d. Compounds 6 and

10 are dendroasymmetric molecules that possess a

perpendobiplanar structure, i.e., 6 and 10 possess fourfold

alternating axial symmetry and, in addition, both contain a

C2 rotational axis that is coincident with their major axis.

(2) In particular, such compounds may provide a structurally

well-defined model for a photoelectron spectroscopic study

of the mechanism of electron transfer in rigid systems.

Recently, photoinduced electron-transfer in a series of

rigid, bichromophoric molecules with incremental variation

of rDA (i.e., edge-to-edge distance between donor and-

acceptor) has been reported.(7-10) The results obtained

conclusively show the feasibility of very fast electron-

transfer, even between very widely separated redox centers,

in the absence of any chemically conjugating

interconnectivity. For example, photoinduced electron-

transfer from the electronically excited naphthalene donor

to the dicyanomethylene acceptor in the series of compounds

represented by 16 (n=0-2) takes place with surprising ease,

(i.e., ket = ca 4 x 108 sec-1 for electron transfer in the

12 bond separation compound (16, n = 2) in which the two

chromophores are separated by about 13.5 A).(9)
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OCH3 .

%% CN

OCH3 OW 16 n CN

Through-bond-orbital interaction (TBOI) involving 5 / r

interaction between the bridge framework and the donor-

acceptor has been proposed to explain the very high electron

transfer rates observed in these compounds. The evidence

for the involvement of TBOI in the electron-transfer

processes observed in 16 is indirect and rests mainly upon

the demonstrated presence of such interactions in simpler

diene and dibenzo analogues of 16.(11)

In order to determine the role played by TBOI in the

dynamics of intramolecular electron-transfer processes, it

could be desirable to choose a model in which such

interactions are very small, or absent. This condition can

be satisfied by molecules having D2d point group symmetry,

such as 6 and 10. Compounds 6 and 10 have a

perpendobiplanar structure; i.e., they are composed of

identical halves that are respectively located in two

mutually perpendicular planes. Because of their unique

structures, both TBOI and TSOI (through-space-orbital

interaction) between the double bonds in 6 and 10 should be

absent. Clearly, compounds 6 and 10-13 are suitable models

for such a study.
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The known (2) dione 6 was used as starting material in

this study. This approach takes advantage of the fact that,

when treated with the ylide derived from

methyltriphenylphosphonium bromide, 6 provides a direct

method for synthesizing diene 10 and enone 11. Enone 11 can

then be converted into monoene 12 via Wolff-Kishner

reduction.(13) Compound 6 was first treated with ethylene

glycol in the presence of p_-toluenesulfonic acid to afford

monoethylene ketal ketone 14. Wolff-Kishner reduction of 14

then afforded ethylene ketal 15. Acidic hydrolysis of a

methylene chloride solution of 15 was performed by using

concentrated sulfuric acid at room temperature.(14) This

procedure afforded 13 in essentially quantitative yield.

Results and Discussion

0P2

Ph 3P=CH2 (2 eq.)

THF, 00C

0 CH2

10
6

Figure 7. The synthesis scheme of new HCTD derivatives from

HCTD-7,12-dione.



Ph 3 P=CH 2 (1 eq)

THF, -78 0 C

6 LCH20H) 2 rP-Tc0H

Benzene, Reflux
(Dean-Stark apparatus)

0 0

(HOCH 2 CH 2 )20,
2000 C, 8h

15.

jH2 jH2

(HOCH 2 CH 2 )20w'
2000 C, 8h

0
12

O

0

14.

H+

Figure 7. (continued).

1. 7, 12-Dimethyleneheptacyclo-

[6.6.0.02,6.03,13.04,11.05,9.010, 1 4 ]tetradecane, 10.

The IR spectrum of 10 shows a strong absorption band at

1660 cm- 1 , indicating the presence of C-C double bond.

Absorption bands at 1787, 1775, and 1696 cm- 1 , present in 6

because of the carbonyl group, are absent in 10.

In the 1H NMR spectrum of 10, resonances that correspond

to sixteen protons are observed, i.e., four protons more

24
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than are present in its precursor, cage dione 6. A singlet

at ca.6 4.45 (area 4H) corresponds to the four vinyl protons

in 10.

In the 1 3C NMR spectrum of 10, only four carbon

resonances are observed. This result demonstrates that

compound 10 possesses fourfold alternating axial symmetry.

One quaternary carbon resonance at6 165.08 and one secondary

carbon resonance at6 96.51 correspond to the two

nonequivalent vinyl carbons in 10.

In the mass spectrum of 10, the molecular ion occurs at

m/e 208. The foregoing spectral evidence confirms the

absence of carbonyl groups and the presence of C-C double

bonds in 10 (i.e., two ex-methylene groups).

2. 7-Methyleneheptacyclo[6.6.0.02 ,6 .03 ,13 .

04,11.05,9.010, 1 4 ]tetradecane-12-one, 11.

The IR spectrum of 11 shows two strong bands at 1745 and

1660 cm-1 , thereby indicating the presence of the carbonyl

group and the C-C double bond, respectively. In addition,

bands at 1787, 1775, and 1696 cm-1 are present, which

indicate that the corresponding carbonyl groups in 6 are no

longer present in 11.

In the 1 H NMR spectrum of 11, resonances that correspond

to fourteen protons are observed. A singlet peak at ca.

6 4.45 (area 2H) corresponds to the two vinyl protons in

11. The 1 3C NMR spectrum of 11 contains only seven carbon

resonances. This result demonstrates that compound 11



26

possesses twofold symmetry. An attached proton test (APT)

reveals the presence of two downfield quaternary carbons at

6 165.41 and 6 216.90 and one secondary carbon at 6 97.80.

The corresponding APT for 6 reveals the presence of only one

quaternary carbon (i.e., at 6 214.6). The results confirm

that one of two carbonyl groups in 6 has been converted into

the exo-methylene group.

In the mass spectrum of 11, the molecular ion occurs at

m/e 210. The result of single crystal x-ray structural

analysis confirms the suggested structure for enone 11

(Figure 8). 04

04

C4

C3 C50

C2'16 C2 C6

C1'

TC8CH 2

C8'

C9

CI1

Figure 8. The structure of 7-methyleneheptacyclo-

[6.6.0.02,6.03,13.04,11.05,9.010,14]tetradecane-

12-one.
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3. 7-Methyleneheptacyclo[6.6.0.02,6 .03 ,13.

04,11.05,9.010, 1 4 ]tetradecane, 12.

Wolff-Kishner reduction was employed to convert

cage enone 11 into the corresponding exo-methylene 12.

The IR spectrum of 12 contains a strong band at 1670

cm-1. The band at 1745 cm-1 in 11 (produced by the carbonyl

group) has disappeared.

A total of sixteen protons can be accounted for by

integration of the proton NMR spectrum of 12, (i.e., two

protons more than are present in its precursor, cage enone

11). A singlet at ca.6 4.45 (area 2H) corresponds to the two

vinyl protons in 12.

The 13C NMR spectrum of 12 contains only seven carbon

resonances. This result confirms that compound 12 possesses

twofold symmetry. One quaternary carbon resonance at

6 164.67 and one secondary carbon resonance at 6 95.98

correspond to the two carbon atoms in the exo-methylene

group. In the aliphatic carbon region, APT indicates the

presence of one methylene carbon at 6 44.32.

The molecular ion in the mass spectrum of 12 was observed

at m/e 196, which was in agreement with the structure

assigned for 12.

4. Heptacyclo[6.6.O.O2 ,6 .03,13.04,11.05,9.010,14]

tetradecane-7,12-dione monoethylene ketal, 14.

One of the carbonyl groups in 6 was protected via

formation of the corresponding monoethylene ketal. However,
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the yield of this reaction is relatively low, (i.e., ca.

60%). Even when only one equivalent of ethylene glycol was

used, some bisethylene ketal is formed along with the

corresponding monoethylene ketal and unreacted starting

material.

In the 1 H NMR spectrum of 14, a doublet peak at 3.94

(area 4H) corresponds to the four -OCH2 CH2 0- protons in 14.

The 1 3C NMR contains only seven carbon resonances, which

indicates the presence of a twofold symmetry in compound 14.

APT reveals the presence of two methylene groups at 6 64.95

and two quaternary carbons at6 128.84 and 6 216.99,

respectively.

The molecular ion in the mass spectrum of 14 was observed

at m/e 256. The foregoing spectral evidence is consistent

with the structure suggested for 14 and confirms that one

carbony group in 6 indeed has been converted into the

corresponding ethylene ketal.

5. Heptacyclo[6.6.0.02 ,6 .O3 ,13.04,11.05,9.010,14]

tetradecane-7-one ethylene ketal, 15.

Wolff-Kishner reduction was employed to convert 14 into

the corresponding ethylene ketal 15.

The strong absorption band at 1740 cm-1 in the IR

spectrum of 14, produced by the carbonyl group, is absent in

15.

The 1H NMR spectrum of 15 contains a total of eighteen

protons, i.e., two protons more than are present its



29

precursor, 14. A singlet at6 1.90 (area 2H) corresponds to

the two methylene protons in 15.

The 1 3 C NMR spectrum of 15 contains only seven carbon

resonances. This result demonstrates that 15 possesses

twofold symmetry. The APT indicates the presence of one

quaternary carbon resonance at6 127.00 that corresponds to

the ketal carbon. Two secondary carbon resonances at6 44.36

and 6 64.70 represent methylene and ethylene carbons,

respectively.

The molecular ion in the mass spectrum of 15 was observed

at m/e 242, which is in agreement with the structure

assigned for 15.

6. Heptacyclo[6.6.0.02 ,6 .03 ,13.04,11.05,9.010,14j

tetradecane-7-one, 13.

The ethylene ketal moiety in 15 hydrolyzed slowly when

treated with a mixture of THF and aqueous hydrochloric acid.

In addition to 13, some side reaction products also were

formed. The hydrolysis of 15 can be improved by using

methylene chloride and 96% sulfuric acid.(L4) Under these

conditions, hydrolysis of 15 proceeded smoothly to afford

13. The singlet at 6 3.90 which corresponds to the ethylene

protons in the ketal moiety in 15 has disappeared. The 13C

NMR spectrum of 13 indicates only six carbon resonances.

This result requires that 13 possess a twofold symmetry.

APT shows one quaternary carbon at 6 217.97 and one secondary

carbon at 6 46.68.
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The molecular ion in the mass spectrum of 13 was observed

at m/e 198, which is in agreement with the assigned

structure of 13. 08

C8

C5' C5

C6

C4' C4
C6'

C 3' C7"C7 C3

00

13 ~C2' C

C1

Figure 9. The structure of heptacyclo[6.6.0.02 ,6 .03 ,13 .

04,11.05,9.010,14]tetradecane-7-one.

Experimental

Melting points and boiling points are uncorrected.

Proton and 1 3 C NMR spectra were recorded on a JEOL FX-90Q

NMR spectrometer and a VXR-300 NMR spectrometer. In all

cases, signals are reported in parts per million (6)

downfield from internal tetramethylsilane. Infrared spectra

were obtained by using a Perkin-Elmer Model 1330 infrared
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spectrophotometer. Mass spectra were obtained by using a

Hewlett-Packard Model 5970 A GC/MS system operating at 70eV.

Elemental microanalyses were performed by Galbraith

Laboratories, Inc., Knoxville, TN.

1. 7,12-Dimethyleneheptacyclo-

[6.6.0.02,6.03,13.04,11.05,9.010, 1 4 ]tetradecane, 10.

2 To a cooled solution (00C) of 800

mg (2.2 mmol) of methyltriphenyl-

phosphonium bromide in 50 mL of dry

THF under nitrogen was added with

CH2  stirring a hexane solution that

10 contained 2.5 mmol of.n-

butyllithium (2.5 M, 1.0 mL). The red solution was stirred

for 30 min at 0CC, after which time a solution of 6 (212 mg,

1.0 mmol) and dry THF (20 mL) were added. After an

additional 30 min at OOC, the resulting solution was allowed

to warm to room temperature. The reaction mixture was

poured into hexane (100 mL) and extracted with water (3 x 20

mL). The organic layer was dried (anhydrous magnesium

sulfate) and filtered, and the filtrate was concentrated in

vacuo. The solid residue was purified by column

chromatography on silica gel (hexanes eluent), thereby

affording 10 (140 mg, 67%) as a colorless microcrystalline

solid: mp 107-108OC; 1H NMR (CDCl3 )6 2.55 (s,8H), 2.62

(s,4H), 4.45 (s,4H); 1 3C NMR (CDCl3 )6 52.85 (d), 52.99(d),

96,51 (t), 165.08 (s); IR (KBr) 2960 (vs), 1660 (s), cm-1;

w. , wopill 11 11 1 1 opow-
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mass spectrum (70 eV), m/e (relative intensity) 209 (15.8),

208 (M+,90.6), 193 (22.2), 165 (24.6), 129 (69.4), 115

(100.0)

Anal. Calcd. for C1 6 H1 6 : C, 92.26; H, 7.74. Found: C,

92.44; H, 7.77.

2. 7-Methyleneheptacycl[6.6.0.O 2 ,6 .03 ,13.

04,11.05,9.010, 14 ]tetradecane-12-one, 11.

jH2 A stirred suspension of

methyltriphenyl phosphonium bromide

(400 mg, 1.1 mmol) in 50 mL of dry

THF under nitrogen was cooled to -700C

via application of an external Dry
0

Ice- acetane bath. A hexane solution

containing 1.1 mmol of n-butyllithium (2.5 M, 0.5 mL) was

added. After the resulting solution had been stirred at

-700C for 1hr, a solution of 6 (212 mg, 1.0 mmol) in dry THF

(20 mL) was added rapidly. The reaction mixture was allowed

to warm to room temperature during 2h and then diluted with

hexane (50 mL). The organic solution was washed with water

(3 x 20 mL), dried (anhydrous magnesium sulfate), and

filtered, and the filtrate was concentrated in vacuo. The

residue was chromatographied on silica gel by using a 0-10%

ethylacetate-hexane gradient elution scheme. Pure 11 (140

mg, 67%) was thereby obtained as a colorless

microcrystalline solid: mp 178-1790C; IH NMR (CDCl3 )6

2.34-2.40 (s, 2H), 2.56-2.65 (s, 6H), 2.72-2.80 (s, 4H),
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4.53 (s, 2H); 13C NMR (CDCl3 )6 47.12 (d), 49.63 (d), 52.26

(d), 54.86 (d), 97.80 (t), 165.41 (s), 216.90 (s); IR (KBr)

2990 (s), 1745 (vs), 1660 (s) cm- 1 ; mass spectrum (70eV),

m/e (relative intensity) 211 (16.7), 210 (M+, 100.0), 182

(37.5), 167 (68.8), 128 (43.2), 115 (68.2).

Anal. Calcd. for C1 5 H1 4 0: C, 85.68; H, 6.71. Found: C,

85.44; H, 6.96.

3. 7-Methyleneheptacyclo-

[6.6.0.02,6.03,13.04,11.05,9.10, 14 ]tetradecane, 12.

jH2 A mixture of commercial diethylene

glycol (25 mL) and potassium

hydroxide (0.84 g, 15.0 mmol) was

placed in a 50 mL round-bottom

12 flask. The flask was heated until

all of the potassium hydroxide had dissolved. The reaction

temperature then was adjusted to 800C, and cage enone 11

(260 mg, 1.24 mmol) was added followed by anhydrous

hydrazine (0.5 g, 15 mmol). The reaction mixture was

stirred at 1500C for 4h. The reaction flask was fitted with

a Dean-Stark apparatus, and the temperature was raised to

200-2100C. The reaction mixture was maintained at that

temperature overnight. The reaction mixture was allowed to

cool to room temperature and then wa's diluted with water (25

mL). The resulting mixture was extracted with hexane (4 x

30 mL). The combined organic layer was washed with water,

dried (anhydrous magnesium sulfate), and filtered. The
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filtrate was concentrated in vacuo, thereby affording 12

(202 mg, 83%) as a colorless microcrystalline solid: mp 78-

790C; 1H NMR (CDCl3)6 1.90 (d,2H), 2.39-2.68 (i, 12H), 4.45

(s, 2H); 13C NMR (CDC13 )6 44.32 (t), 49.55 (d), 52.19 (d),

54.07 (d), 54.26 (d), 95.98 (t), 164.67 (s); IR (KBr) 2970

(vs), 1670 (s), 1300 (m) cm-1 ; mass spectrum (70 eV), m/e

(relative intensity) 197 (13.2), 196 (M+, 77.1), 130

(100.0).

Anal. Calcd. for C15 H1 6 : C, 91.78; H, 8.22. Found: C,

91.95; H, 8.26.

4. Heptacyclo[6.6.0.02,6.03,13.04,11.05,9.010,14]-

tetradecane-7.12-dione monoethylene ketal, 14.

A mixture of diketone 6 (1.0 g, 4.7
0

mmol), ethylene glycol (290 mg, 4.7

mmol), and p-toluenesulfonic acid

(catalytic amount) in 100 mL of

benzene was refluxed overnight in a
0

14 flask that had been fitted with a

Dean-Stark apparatus to collect water. The reaction mixture

was cooled to room temperature, transferred into a

separatory funnel, and extracted with 5% aqueous sodium

bicarbonate solution (2 x 10 mL). The organic layer was

washed with water, dried (anhydrous magnesium sulfate), and

filtered, and the filtrate was concentrated in vacuo. The

residue was purified via chromatography on silica gel by

using a 10-20% ethyl acetate-hexane gradient elution scheme.
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Pure 14 (700 mg, 58%) was thereby obtained as a colorless

microcrystalline solid: m.p. 159-160OC; 1H NMR (CDCl3) 6

2.15 (s, 2H), 2.32 (s, 2H), 2.62 (s, 4H), 2.83 (s, 4H), 3.94

(d, 4H); 13C NMR (CDC1 3 )6 47.10 (d), 49.80 (d), 51.21 (d),

52.69 (d), 64.95 (t), 128.82 (s), 216.99 (s); IR (KBr) 2990

(s), 2910 (m), 1740 (vs), 1330 (s), 1290 (m), 1215 (m), 1140

(M) cm- 1 ; mass spectrum (70 eV), m/e (relative intensity)

257 (21.0), 256 (M+, 100.0), 228 (22.8), 163 (29.8).

Anal. Calcd. for C1 6 H1 6 03 : C, 74.98; H,6.29. Found: C,

75.06; H, 6.21.

5. Heptacyclo[6.6.0.02 ,6 .03 ,13.04,11.05,9.010,14]-

tetradecane-7-one ethylene ketal, 15.

F~~\ To a flask containing 25 mL of
0 0

diethylene glycol was added

potassium hydroxide pellets (1.8 g,

28 mmol). This mixture was heated

carefully (1000 C) until all of the

15 potassium hydroxide had dissolved.

The reaction temperature was adjusted to 800C, and 14 (720

mg, 2.8 mmol) was added followed by anhydrous hydrazine (1.0

g, 30 mmol). The resulting mixture was heated at 150 OC for

4h, after which time the reaction flask was fitted with a

Dean-Stark apparatus, and the temperature was increased to

200-2100C. The reaction mixture was stirred at that

temperature overnight. The reaction mixture was allowed to

cool to room temperature and was then diluted with water (50

AN, rWaRilk5i
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mL). The resulting mixture was extracted with ethyl ether

(3 x 50 mL). The combined organic extracts were washed with

water (3 x 20 mL), dried (anhydrous magnesium sulfate), and

filtered. The filtrate was concentrated in vacuo, thereby

affording _5 (510 mg, 75%) as a colorless microcrystalline

solid. Recrystallization from hexane afforded analytically

pure 15: mp 76-770C; 1H NMR (CDCl3 )6 1.85-1.91 (s, 2H),

2.17-2.23 (s, 2H), 2.32-2.36 (s, 2H), 2.47-2.60 (d, 8H),

3.88-3.93 (s, 4H); 13C NMR (CDCl3)6 44.36 (t), 48.55 (d),

50.07 (d), 53.81 (d), 54.01 (d), 64.70 (t), 126.99 (s), IR

(KBr) 2970 (vs), 1480 (m), 1460 (m), 1330 (vs), 1280 (m),

1255 (m), 1150 (s) cm-1 ; mass spectrum (70 eV), m/e

(relative intensity) 244 (2.2), 243 (22.4), 242 (M+, 100.0),

170 (38.5), 163 (17.0).

Anal. Calcd. for C1 6 H1 8 02 : C, 79.20; H, 7.67. Found: C,

79.30; H, 7.49.

6. Heptacyclo[6.6.0.02 ,6 .03 ,13.04,11.05,9.010,14].

tetradecane-7-one, 13.

To a solution of 15 (480 mg, 2.Ommol) in 25 mL methylene

chloride was added concentrated sulfuric acid (96.7%, 1.0 g)

at room temperature. The resulting mixture was stirred at

0
11 ambient temperature overnight.

The reaction mixture was poured

into 5% aqueous sodium

bicarbonate solution (20 mL,

13 excess), and extracted with



37

ethyl ether (2 x 50 mL). The organic layer was washed with

water (2 x 10 mL), dried (anhydrous magnesium sulfate), and

filtered. The filtrate was concentrated in vacuo, thereby

affording 13(400 mg, 100%) as a colorless microcrystalline

solid: m.p 200-210OC; IH NMR (CDC13)6 2.03-2.07 (m, 2H),

2.27-2.35 (m, 4H), 2.48-2.54 (s, 4H), 2.68-2.75 (s, 4H); 13 C

NMR (CDC13)6 46.23 (d), 46.38 (d), 46.68 (t), 53.41 (d),

55.97 (d), 217.97 (s); IR (KBr) 2970 (s), 1750 (vs), 1300

(m), 1270 (m), 1240 (m), 1200 (m), 1165 (m); mass spectrum

(70 eV), m/e (relative intensity) 199 (15.8), 198

(M+.100.0), 170 (49.2), 155 (23.2), 104 (45.8), 92 (43.4),

91 (37.6).

Anal. Calcd. for C14H4 0: C, 84.81; H, 7.12. Found: C,

84.61; H, 7.17.
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CHAPTER III

LEWIS ACID-PROMOTED REACTION

OF PENTACYCLO[5.4.0.02,6.03 ,10.05,9]>

UNDECANE-8-ONE WITH ETHYL DIAZOACETATE

Introduction

Lewis acid catalyzed homologation of cyclic ketones with

diazoacetic ester is a very useful method in organic

synthesis.(1-7) It provides a direct method for

constructing a less accessible ring system from readily

available ones; moreover, the -keto esters that result from

this reaction often are useful synthetic intermediates.(8)

It has been found that ethyl diazoacetate (EDA) reacts

with simple ketones to give clean monohomolegation, rarely

accompanied by epoxide.(9_) The activating effect of Lewis

acid catalysts is illustrated strikingly in reactions that

involve EDA. Ordinarily unreactive toward carbonyl groups,

EDA reacts with cyclopentanone in the presence of boron

trifluoride to give ethyl 2-ketocyclohexanecarboxylate (44%

yield).(10)

We have demonstrated that pentacyclo[5.4.0.02,6 .

03, 1 0 .05,9 ]undecane-8,11-dione 1 (PCUD-8,11-dione), when

treated with two equivalents of EDA in the presence of boron

trifluoride etherate (BF3 : OEt2 ) at -780 C, afforded a

40
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symmetrical bishomologation product, _in 21% yield.(11)

0 0

Oj N2CHCOEt CO2 Et

BF3 :OEt2 , -400C

Figure 10. The ring-expansion reaction of cyclopentanone

with ethyl diazoacetate.

EDA (2 eq)

BF 3 :OEt2 , -78
0 C OH

0 EtO- C
C0

EtO

2 (21%)

Figure 11. The ring-expansion reaction of PCUD-8,11-dione

with two equivalent of ethyl diazoacetate.

When treated with one equivalent of EDA in the presence

of BF3 : OEt2 at O'C, compound 1 afforded a tetracyclic

compound, 4 (17%) and a monohomologation product, 5 (21%).

Surprisingly, the regiochemistry of formation of 5 was found

to be opposite that found for the corresponding

bishomologation product, Z2.(12)

2 (3%) ' +
BF3 : OEt2 , 00C

0 C-OEt 6 

OH CO2 Et

5(21%) 4(17%)

Figure 12. The ring-expansion reaction of PCUD-8,11-dione

with one equivalent of ethyl diazoacetate.

'*Aum
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The presence of 4 indicates that two monohomologation

products, 3 and 5 are formed in this reaction. In the

attempt to isolate the monohomologation products, 5 is

stable during the work up and isolation procedures whereas 3

is not. The unstable 3 may eventually suffer retro-Michael

reaction with concomitant cleavage of a cyclobutane ring C-C

bond, thereby affording 4.

0 OH

C.0H4 0

C 2EtCO 2 Et CO2 Et
C02Et

4
3

Recently, this study has been extended to include the

corresponding reaction of cage enone 6 with one equivalent

of EDA in the presence of BF3 : OEt2 . When this reaction

was carried out at -780C, two monohomologation products, 7

and 8, were formed in the ratio 15:1 (72% yield).(12)

EDA (1 eq)

BF3 :OEt2 , -78 0 C
CH2 /CH2CHH2

0 OH C-OEt.C OH'.
EtO %O O

6 7 8

Figure 13. The ring-expansion reaction of 8-methylene-PCUD-

11-one with ethyl diazoacetate.
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In an effort to extend this reaction to synthesize new

derivatives of the pentacyclo[5,5,0,04 ,11,05 ,9 ,08,12].

dodecane ring system (13), the results of the Lewis acid-

promoted reaction of PCUD-8-one 9 (14) with ethyl

diazoacetate are reported. The reaction of 9 with one

equivalent of EDA in the presence of BF3 O: Et2 at -780C

afforded two monohomologation products, 10 and 11, and from

the 1 3C NMR spectrum of products shows that each product

exists in both enol and keto form. Fractional

recrystallization of the mixture of reaction products from

methanol led to isolation of the major component, _0a.

Subsequently, l0a was decarboxylated by using the

procedure described by Krapcho, et al.(15) The

corresponding monoketone, 12, was thereby obtained in good

yield (96%). Reaction of 12 with NaBH4 -CeCl 3 (15) in

methanol at 00 C resulted in stereospecific reduction of the

C=0 group, thereby affording 13. Compound 13 was converted

into the corresponding 3,5-dinitrobenzoate via treatment

with 3,5-dinitrobenzoyl chloride in methylene chloride. The

single crystal structure of 14 then was obtained (Figure

14). In this manner, the structure of the major product of

monohomologation of 9 (i.e., _0a) could be established.
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Results and Discussion

EDA (1 eq) A 1
BF3 : OEt2 -780

OH

EtO0C* 0

C-OEt

OH

a: enol form a: enol form
10 (b: Keto form) 11 (b: keto form)

OH

EtOeC4

10 a

H

NaBHi -CeCl?

MeOH, 00 C1500 C, 6h

Ref, 14) 0

12

N 2

CH2 Cl 2 , rt

13

* 02

H NO2

14

Figure 14. The ring-expansion reaction of PCUD-8-one with

ethyl diazoacetate. The major product was

converted into an ester.

0

9
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1. Ethyl 3-oxopentacyclo[5.5.0.04'11.05,9.08,12.

dodecane-2-carboxylate, l0a.

The IR spectrum of 10a shows a strong band at 3330 cm-1

that indicates the presence of an -OH group. In the 1 H NMR

spectrum of 10a, eighteen protons are observed. The

resonance peaks at6 4.10 (area 2H) and6 1.20 (area 3H)

correspond to the ethoxy group in _0a. A singlet observed

at6 12.0 can be assigned to the enol proton.

The 1 3C NMR spectrum of 10a displays fifteen resonances.

In the downfield region, three peaks are observed. A peak

at 6 17.48 corresponds to the ester carbonyl carbon, and the

downfield peaks at 6 171.21 and 6 96.62 correspond to the two

vinyl carbons in 10.

The molecular ion cannot be observed in the electronic

impact mass spectrum of 10a.

2. Pentacyclo[5.5.0.04 '11.0 5 ,9 .08 ,1 2 ]dodecane-3-one.

12.

Compound 10, when heated at 1500C in the presence of

DMSO-NaCl, suffered decarbethoxylation, thereby affording 12

(96% yield).

In the 1 H NMR spectrum of 12, fourteen protons are

observed; the ethoxyl protons and enol proton that were

present in the precursor, 10, have disappeared.

In the 1 3 C NMR spectrum of 12, twelve resonances are

observed. A downfield resonance at 6 215.96 can be assigned

readily to the ketone carbonyl carbon in 12. In the upfield
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spectral region, APT reveals the presence of three methylene

groups.

The molecular ion in the mass spectrum of 12 is observed

at m/e 174, which is in agreement with the assigned

structure of 12.

3. endo 3-Hydroxylpentacyclo[5.5.0.04 ,11.05,9.08,12>-

dodecane, 13.

The IR spectrum of 13shows a strong band at 3330 cm-1,

thereby indicating the presence of an -OH functionality.

In the 1 H NMR spectrum of 13, sixteen protons are

observed, i.e., two protons more than are present in its

precursor, 12. The methine proton (-CH-OH) is observed at

6 4.1 as a multiplet, whereas the rest of the protons

resonate at the expected chemical shifts.

The 13C NMR spectrum of 13 displays twelve carbon

resonances. A peak: at 6 68.65 corresponds to the carbinol

(CHOH) carbon.

The mass spectrum of 13 displays the molecular ion at m/e

176, which is in agreement with the assigned structure of

13.

4. 3-(3',5'-Dinitrobenzoyloxy)pentacyclo-

[5.5.0.04,11.05,9.08, 12]dodecane, 14.

The IR spectrum of 14 shows a strong band at 1715 cm-1

and a medium band at 1625 cm-1 , thereby indicating the

presence of carbonyl group aromatic moiety. Two strong

bands at approximately 1300 cm-1 (i.e., 1350cm-1 and 1290
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cm-1) indicate the presence of C-0 functionality in 14.

In the 1H NMR spectrum of 14, resonances that correspond

to eighteen protons are observed. A multiplet at ca. 6 9.10

(area 3H) corresponds to the aromatic protons in 14. The

13 C NMR spectrum of 14 contains seventeen carbon resonances.

An attached proton test (APT) reveals the presence of three

upfield secondary carbons at 6 28.72, 6 30.83 and 6 38.21,

respectively.

The structure of 14 was elucidated via single crystal x-

ray- structural analysis (Figure 15).

C10

C9

02

C8 C11 CS

C12 C 4 C H N0 2

14

C1C 
C13 C14 CC-19 C80 0

C2 C16 C17 N2
cis

04 N1 0

Figure 15. The structure of 3-(3',5'-dinitrobenzoyloxy)-

pentachclo[5.5.0.04 '1 1 .05 ,9 .08 ,12 ]dodecane.

""RPM".



48

Experimental

Melting points and boiling points are uncorrected. Proton

and 1 3 C NMR spectra were recorded on a JEOL FX-90Q NMR

spectrometer and a VXR-300 NMR spectrometer. In all cases,

signals are reported in parts per million (6) downfield from

internal tetramethylsilane. Infrared spectra were obtained

by using a Perkin-Elmer Model 1330 infrared

spectrophotometer. Mass spectra were obtained by using a

Hewlett-Packard Model 5970 A GC/MS system operating at 70

eV. Elemental microanalyses were performed by Galbraith

Laboratories, Inc., Knoxville, TN.

1. Ethyl 3-oxopentacyclo[5.5.0.04 ,11.05,9.08,12]>

dodecane-2-carboxylate, 1_a.

Compound 9 (1.17 g, 7.3 mmol)

was dissolved in anhydrous

OH ether (100 mL) and cooled to

EtO O-780C via application of an1_, a

external Dry Ice-acetone bath. Boron trifluoride, etherate

(1.27 g, 9.0 mmol) was added slowly with stirring during 5

min. After all of the boron trifluoride etherate had been

added, ethyl diazoacetate (1.0 g, 9.0 mmol) was added. The

reaction mixture was stirred for 2h after the addition of

ethyl diazoacetate. The temperature of the reaction vessel

was increased to -400C, and stirring was continued for an

additional 2h. The reaction mixture was then allowed to

warm slowly to OOC and then was quenched by gradual addition
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of excess dilute aqueous sodium bicarbonate solution. The

resulting solution was transferred into a separatory funnel

and washed sequentially with dilute aqueous sodium

bicarbonate solution (2 x 50 mL) and with water (50 mL).

The organic layer was dried (anhydrous magnesium sulfate),

filtered, and the filtrate was concentrated in vacuo,

thereby affording a yellow oil. The oily residue was

purified via chromatography on silica gel (hexane eluent) to

afford 10 and 11 (0.86 g, 48%) as a pale yellow oil.

Trituration in the methanol was followed by

recrystallization, which afforded 10a as a pink

microcrystalline solid: mp 52-54OC; 1H NMR (CDCl3 )6 1.18-

1.61 (overlapping, 7H), 2.30-2.85 (overlapping, 7H), 3.42-

3.50 (t, 1H), 4.02-4.18 (m, 2H), 11.92-11.96 (s, 1H); 13 C

NMR (CDCl3 )6 14.28 (q), 29.11 (d), 30.68 (t), 35.33 (t),

38.40 (d), 39.66 (d), 40.54 (d), 41.09 (d), 43.82 (d), 47.57

(d), 48.29 (d), 59.94 (t), 96.62 (s), 171.22 (s), 177.48

(s); IR (KBr) 3330 (vs), 2990 (s), 2900 (m), 1610 (s) cm-1;

mass spectrum (70 eV), m/e (relative intensity) 174 (7.8),

145 (1.7), 108 (100.0), 95 (42.2), 91 (15.7), 79 (32.2), 67

(23.6).

Anal. Calcd. for C1 5 H1 8 03 : C, 73.15; H, 7.37. Found:

C, 73.37; H, 7.28.

2. Pentacyclo[5.5.0.04 911.05,9.08, 1 2 ]dodecane-3-one,

12.
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The procedure of Krapcho, et

al (14) was employed for

decarboxylation of 10a. Thus,

12 10a (370 mg, 1.5 mmol) and

sodium chloride (58 mg, 1.o mmol) were suspended in wet

dimethyl sulfoxide (3 mL of DMSO in 100 mg of H2 0). The

mixture was heated at 150 OC for 6h and then allowed to cool

to room temperature. The reaction mixture was then diluted

with water (10 mL), and the resulting mixture was

transferred into a separatory funnel and extracted with

methylene chloride (3 x 25 mL). The combined organic layers

were washed with water (3 x 10mL), dried (anhydrous

magnesium sulfate), and filtered. The filtrate was

concentrated in vacuo, thereby affording crude 12 as a white

solid. Vacuum sublimation of this material (100OC/ 2.0 mm

Hg) afforded pure 12 (250 mg, 96%) as a colorless

microcrystalline solid: mp 220-221OC; 1H NMR (CDCl3 )6 1.38-

1.48 (m, 2H), 1.48-1.60 (m, 2H), 2.03-2.10 (m, 2H), 2.27-

2.35 (s, 1H), 2.40-2.60 (m, 4H), 2.70-2.90 (m, 3H); 1 3C NMR

(CDCl3)6 29,01 (d), 30.62 (t), 35.54 (d), 38.46 (t), 38.56

(t), 38.90 (d), 39.53 (d), 42.93 (d), 44.45 (d), 47.16 (d),

56.00 (d), 215.96 (s); IR (KBr) 2980 (s), 2900 (m), 1960

(s), 1465 (m), 1405 (m), 1350 (m), 1235 (m) cm-1 ; mass

spectrum (79 eV), m/e (relative intensity) 174 (M+, 13.0),

108 (100.0), 95 (43.5), 91 (24.9).

Mium"I MINI
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Anal. Calcd. for C22H140: C, 82.72; H, 8.10; Found: C,

83.04; H, 8.01.

3. endo-3-hydroxylpentacyclo[5.5.0.0 4 ,11.05,9.8,12]>

dodecane, 13.

Compound 12 (200 mg, 1.15 mmol)

was dissolved in a 0.4 M

%OH solution of Cerium (III)

H chloride heptahydrates in

13 methanol (6 mL, 2.4 mmol). The

resulting solution was cooled externally to OOC, and sodium

borohydride (90 mg, 2.4 mmol) was then added in small

portions so that the temperature of the reaction mixture did

not rise significantly above OOC- The reaction mixture was

stirred for 15 min after the addition of sodium borohydride

had been completed. The reaction was then quenched via

addition of water (10. mL), and the resulting solution was

extracted with diethylether (3 x 30 mL). The combined

organic layers were washed with water (2 x 5 mL), dried

(anhydrous magnesium sulfate), and filtered. The filtrate

was concentrated in vacuo to afford crude 13 as a white

solid. The crude product was purified via chromatography on

silica gel (5-10% ethylacetate-hexane eluent) afforded pure

13 (175 mg, 87%) as a colorless microcrystalline solid: mp

225-226OC; 1H NMR (CDCl3)6 1.25-1.45 (m, 3H), 1.50-1.70

(m,2H), 1.85-2.00 (m, 3H), 2.05-2.15 (m, 1H), 2.25-2.45 (m,

3H), 2.55-2.70 (m, 3H), 4.05-4.15 (m, 1H); 1 3C NMR (CDCl3 ) 6

"low
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30.56 (d), 30.75 (t), 31.68 (t), 35.40 (d), 38.13 (t), 39.08

(d), 39.80 (d), 41.41 (d), 44.75 (d), 46.87 (d), 49.88 (d),

68.66 (d); IR (KBr) 3330 (vs), 2970 (s), 2900 (i), 1465 (i),

1445 (m), 1315 (i) cm-1 ; mass spectrum (70eV), m/e (relative

intensity) 177 (1.5), 176 (M+, 10.8), 158 (10.3), 143

(11.6), 130 (15.3), 129 (23.8), 92.05 (100.0).

Anal. Calcd. for C1 2 H1 6 0: C, 81.77; H, 9.15. Found: C,

81.52; H, 9.34.

4. 3-(3',5'-Dinitrobenzoyloxy)pentacyclo-

[5.5.0.04 .05,9.08, 12]dodecane, 14.

To a mixture of 13 (100 mg, 0.57 mmol) and pyridine (0.5

g, excess) in dry methylene chloride ( 25 mL) was added 3,5-

dinitrobenzoyl chloride (140 mg,

02 0.6 mmol). The resulting

mixture was stirred at ambient

H N02 temperature overnight. The

14 reaction mixture was 'transferred

into a separatory funnel and then washed with a 5% aqueous

sodium bicarbonate solution (3 x 10 mL). The organic layer

was washed with water (10 mL), dried (anhydrous magnesium

sulfate), and filtered. The filtrate was concentrated in

vacuo to afford crude 14 as a white solid. This material

was purified via column chromatography on silica gel (10%

ethyl acetate-hexane eluent). Pure 4 was thereby obtained

as a pale green microcrystalline solid (170 mg, 80%): mp

167-168OC; IH NMR (CDCl3 ) 6 1.36-1.42 (d, IH), 1.48-1.70 (m,
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3H), 2.02-2.22 (m, 3H), 2.36-2.566 (i, 4H), 2.62-2.82 (m,

3H), 5.40-5.60 (m, 1H), 9.05-9.17 (i, 3H); 13C NMR (CDCl3)6

28.72 (t), 29.91 (d), 30.83 (t), 35.33 (d), 38.21 (t), 38.54

(d), 39.66 (d), 41.69 (d), 43.70 (d), 49.78 (d), 75.34 (d),

122.12 (d), 129.28 (d), 134.72 (s), 148.64 (s), 162.12 (s);

IR (KBr) 3120 (m), 2980 (s), 2900 (m), 1715 (s), 1625 (m),

1540 (m), 1470 (m), 1350 (s), 1290 (s), 1185 (m), 1085 (m)

cm- 1 ; Mass spectrum (70eV), m/e (relative intensity) 92

(100.0), 79 (59.3), 66 (60.5), 39 (61.6).

Anal. Called. for C19H18N206 : C,61.62; H, 4.90. Found:

C,61.80; H,4.95.

Pao""
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