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ABSTRACT

IjS-Cycloheptadiene (15) was reacted with maleic anhydride to 

form bicyclo[3.2.2]non-8-ene 6,7-dicarboxylic anhydride (16). The 

anhydride was catalytically reduced and hydrolyzed to the di-acid, cts- 

6n^-bicyclo[3.2.2]nonan dicarboxylic acid (17). Treatment of the acid 

with lead tetraacetate yielded bicyclo[3 .2. 2]non-6-ene ( 5_). Hydrobora- 

tion of the olefin gave a 6:1 mixture of 6rc<9-bicyclo[3.2. 2]nonan-6-ol

(13) and endo-bicyc±o[.3. 2. 2]nonan-6-ol (3A) . Oxidation of the mixture 

produced bicyclo[3.2.2]nonan-6-one (2) which on reduction yielded a 1:1 

mixture of exo to endo alcohols.



INTRODUCTION

A new route for the synthesis of bicyclo[3.2.2]nonan-6-ol is 

described. Previous syntheses of this bicyclo compound are few due to 

the difficulty in obtaining the monofunctional derivatives of bicyclo-

[3.2.2]nonane.

The bicyclo[3.2.2]nonane system is most easily accessible 

through reaction of suitable dienophiles with 1,3-cycloheptadiene.

Many of these reactions have been investigated and studied (Alder and 

Molls, 1956; Alder, Hartung and Hausmann, 1956). For example,

1,3-cycloheptadiene was heated with acrolein at 165° to yield the 

Diels-Alder adduct (1):

2
CHO

1

The double bond was catalytically hydrogenated and the aldehyde conver

ted to the enol acetate. The enol acetate was treated with ozone to 

yield bicyclo[3. 2. 2]nonan-6-one (2_).

Alder and Jacobs (1953) have also investigated Diels-Alder reac

tions of 1,3,5-cycloheptatriene which provides a route to the bicyclonon- 

ane system, one which is less desirable than with diene. A slight excess



of maleic anhydride was reacted with the triene in refluxing xylene for 

5 hours. The resulting adduct (3_) indicated that the triene is reac

ting as norcaradiene (4).

Hydrogenation of _3 yields a mixture of products which are of little use 

in the synthesis of monofunctional derivatives of bicyclo[3.2.2]nonane.

mediate in the synthesis of bicyclo[3.2.2]nonan-6-ol, has recently been 

reported (Hartmann, 1967). 1,3-Cycloheptadiene was heated at 190° for

72 hours with ethyl acrylate. The adduct was converted to the acid and 

catalytically hydrogenated. The acid was treated with hydrazoic acid 

and concentrated sulfuric acid (Schmidt rearrangement) to form the amine. 

Exhaustive methylation, followed by treatment with base (Hoffmann) yielded 

bicyclo[3. 2. 2]non-6-ene (5_). The overall yields were not indicated.

3

The preparation of bicyclo[3.2.2]non-6-ene, an important inter-
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loan, et at. (1965) in their investigation of tricyclic ketones 

prepared bicyclo[3. 2. 2]nonan-6-ol ( 7_). 4-Cycloheptenyl diazomethyl 

ketone (prepared from the acid chloride and diazomethane) was refluxed 

in cyclohexane in the presence of cuprous chloride. This ring formation 

reaction yielded tricyclo[3. 3.1. 0]nonan-9-one (6_). The ketone was cata- 

lytically hydrogenated with Adams catalyst at atmospheric pressure to 

yield the. bicyclic alcohol (7), whose configuration was not investigated,

CBN,

6 7

Endres (1967) has investigated the chemistry of the bicyclo-

[3.2.2]nonane system. A number of the monofunctional derivatives were 

prepared. Tosylates of the 2-,3- and 6 alcohols were solvolyzed with 

subsequent analysis of the products. The reactivity of diazomethane 

towards bicyclic ketones was studied and proved to be of use in synthesis 

of a number of saturated and unsaturated bicyclo[3.2.2]nonanones.

The method used by Endres to prepare the bicyclo[3.2.2]nonyl com

pounds was the nitrous acid deamination (Demjanov reaction) of bicyclo-

[2.2.2]oct-2-yl carbinylamine (8_) (Alder and Reubke, 1958). The amine 

hydrochloride was heated in a solution of sodium nitrite and glacial 

acetic acid for 1 hour. Hydrolysis with 50% sodium hydroxide followed 

by steam distillation yielded a mixture of three alcohols. The alcohols 

obtained were bicyclo[3.2.2]nonan-2-ol [(9) 62%], bicyclo[3.2.2]nonan-3-ol
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[(10) 22%], and ea;o-bicyclo[3.3.l]nonan-2-ol [(11) 16%].

<3
10

D
11

It was necessary for Endres to prepare bicyclo[3.2.2]nonan-6-ol 

(_7). The alcohol was obtained from the corresponding ketone, bicyclo-

[3.2.2]nonan-6-one (2_). The ketone was made via a ring expansion reac

tion on bicyclo[3.2.l]octan-8-one (12) with diazomethane (Endres, 1967) 

The lithium aluminum hydride reduction of the ketone yielded a mixture 

of 6%o-bicyclo[3.2.2]nonan-6-ol (13) and gMdb-bicyclo[3.2.2]nonan-6-ol

(14) in the ratio of 13:87 respectively. The overall yield was quite 

low.

1. H0N0

LiAlH
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v OH
13

Traces of ea?c>-bicyclo[3. 2. 2]nonan-6-ol (13_) were found in the 

solvolysis 'products of bicyclo[3.2.2]nonyl tosylate. This was due to a 

hydride migration in the bicyclo[3.2.2]non-2-yl cation and subsequent 

hydrolysis of the resulting cation (Endres, 1967).



DISCUSSION

The synthesis now presented provides a simple route to bicyclo-

[3.2.2]nonan-6-ol (7) with favorable yields.

.The first attempt to enter the bicyclo[3.2.2]nonane system was 

through the Diels-Alder reaction of 1 9 3 3 5-cycloheptatriene with maleic

anhydride. However, as shown in the introduction, the adduct (_3) was

not in a desirable form. This problem was alleviated by reacting 

maleic anhydride with 1,3-cycloheptadiene (15). The reduction of the 

triene with sodium in liquid ammonia provided a suftable method of con

version to the diene with minimum formation of the 1,4 isomer (Ter Borg 

and Bickel, 1961) . The yield of the adduct, bicyclo[3. 2. 2.]non-8-ene

6,7-dicarboxylic anhydride (16), was reduced somewhat because of poly

mer formation of the diene. Recrystallization was quite difficult and 

best achieved when a mixture of solvents was used.

The catalytic reduction of the adduct presented a problem. The 

adduct had previously been synthesized (Alder and Molls, 1956) and its 

configuration investigated through oxidative degradation. The anhydride 

group was found to be in a cis-endo'configuration with respect to the 

0-2, C-3, C-4 bridge. This would indicate severe crowding about the ' 

double bond and examination of models (Dreiding) showed this to be true. 

..With such great steric hindrance, reduction of the double bond seemed 

most easily accomplished through surface catalysis. Previous reductions 

of. this compound (Alder and Molls, 1956; Kohler et al,-3 1939) were

■ - 6 - . : ■.. V  : ■■ '



achieved with Adams catalyst at atmospheric pressure but with poor yields 

Attempts by this author to reduce the adduct with this catalyst proved 

negative5' even’at high temperature and pressure. Other catalysts that 

were used without success included Palladium on charcoal3 Palladium on 

barium sulfate 3" and Raney-Nickel. The'reaction did proceed with 5% 

Rhodium on alumina 5 indicating the high activity of this particular 

catalyst with respect to the'other catalysts that were tried. It was 

necessary3 however, to use 1.0 g of catalyst per 0.1 mole of adduct 

with the reaction still going to only 68% completion. The reduced com

pound, bicyclo[3.2.2]nonane 6,7-dicarboxylic anhydride (17), was as 

difficult to recrystallize' as its unsaturated analog.

The reduced anhydride was converted to bicyclo[3.2.2]nonane

6,7-dicarboxylic acid (18) by refluxing in sodium hydroxide, dissolving 

the resulting di-sodium salt in water and precipitating the acid with 

dilute hydrochloric acid. "The di-sodium salt was very difficult to 

dissolve and it was. necessary to use 500 ml of heated water (to boiling) 

in order to dissolve 10 g of the compound. The configuration of the 

di-acid was the same as the anhydride, C'ts-endo ̂ with respect to the 

•C-2, C-3, C-4 bridge. .The eis configuration is necessary in that the 

following step in the synthesis would not occur if the carboxyl groups 

are -brans (Musso and Biethan, 1967). It is interesting to note that the 

- cds and trans acids have melting points that are 80° apart (Kohler et at, 

1939).

The bis-decarboxy1ation of the di-acid with lead tetraacetate
.. . •
yielded bicyclo[3.2.2]non-6-ene (5). The reaction mechanism necessitates 

the cts configuration of the acid due to the formation of a cyclic



intermediate involving the lead atom (Cimurasti and Wolinsky^ 1968; 

Criegee, 1965). The yield of olefin was quite good and because of its 

high vapor pressure was easy to purify. Steam distillation, followed by 

extraction with solvent, removal of solvent and sublimation of the resi

due afforded an excellent method of purification for the olefin. In 

general, this method may be applied to other monofunctional derivatives 

of this bicyclo system including the alcohols and ketones.

The addition of diborane to a double bond has been found to 

occur in a ' (yis manner from the less hindered side of the double bond with 

retention of configuration upon subsequent oxidation of the intermediate 

organoborane (Brown and Zweifel, 1961; 1964). The hydroboration, 

followed by oxidation, of norborene and bicyclo[3.3.l]non-2-ene resulted 

in the predominant formation of the g#o-alcohols (Brown and Zweifel, 1961 

Flegal, 1968). Examination of a model of bicyclo[3.2.2]non-6-ene (5_) 

revealed that attack to the exo face of the molecule would be favorable.

The alcohol obtained by the hydroboration of the olefin was sub

jected to vapor phase chromatography and showed two main components. 

Separation was afforded by use of a polyamide column (carbowax columns 

were unable to separate these isomers) at 120° and revealed the ratio of 

srco-bicyclo[3.2.2]nonan-6-ol; (13) to gn^<9-bicy'clo[3. 2 . 2]nonan-6-ol (14)

'to be 6:1.

The alcoholic mixture obtained from the hydroboration of bicyclo-

[3.2.2]non-6-ene (_5) was oxidized with chromium trioxide to bicyclo- 

[3. 2. 2]nonan-6-one (2_). The ketone was reduced with lithium aluminum 

hydride and a mixture of the'two isomeric alcohols was expected. Because 

of the nature of the mechanism for this, reduction (House, 1965), an



increase in the" amount, of endo alcohol was expected with exo attack still 

predominating. ' Vapor phase chromatography"analysis of the product"showed 

two peaks in the ratio of 1:1 and therefore an increase of ca* 35% of 

the endo alcohol. • It can be assumed" then that in the case of the ketone,, 

as opposed"to the"olefin, attack is just as favorable to the endo face 

of the molecule as to the exo face. This result is in contradiction to" 

that of Endres (19-67) , who reported" an 87:13 ratio of endo to exo 

alcohols for the same reaction.

Examination of spectral data of the alcohols revealed very little 

information concerning their stereochemistry. It was also difficult to 

predict which of the two is the most stable conformer. Endres (1967) 

used the" carbinyl hydrogen nmr pattern to determine the stereochemistry 

of bicyclo[3.2.2]nonan-2-ol (9_) and bicyclo[3. 2. 2]nonan-3-ol (10). This 

technique is applied by observing the relationship between dihedral 

angles and coupling constants (Dyer, 1965). The conformations of the 

rings may3be determined from the information obtained from the spectrum 

and, hence, the stereochemistry. It was noted, however, that such a 

method is inapplicable to the exo and end̂ p alcohols of the six position 

in bicyclo[3.2.2]nonane, Examination of the models for these alcohols 

indicated that the cyclohexane ring is locked while the cycloheptane 

ring is mobile. This would make the dihedral angles similar throughout 

and, therefore, stereochemical assignments very difficult.

A possible method for conformational analysis of these alcohols 

may be through x-ray diffraction studies.. A great deal of work has been 

done in this area on the bicyclo[3.3.Ijnonane system (Flegal, 1968) and 

may. be applied to the bicyclo[3.2.2]nonane compounds as well. Pure
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samples'of the alcohols could be obtained by preparative vapor phase 

chromatography with subsequent preparation of derivatives necessary for 

such a study.
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Na
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7

Fig.1. Schematic diagram for synthesis of bicyclo[3.2.2]nonan-6-ol (7)



EXPERIMENTAL

General

Melting points were- determined in sealed capillary tubes with a 

Mel-Temp apparatus and are uncorrected.

Nuclear magnetic resonance (nmr) spectra were measured on Varian 

Associates Model A-60 and HA-100 spectrophotometers. Infrared spectra 

were determined on a Perkin-Elmer' Infracord spectrophotometer calibrated 

against polystyrene. The mass spectra were determined on a Perkin- 

Elmer Hitachi RMU-6E double focusing mass spectrometer.
Vapor Phase Chromatography (vpc) was performed on an F and M 

Scientific Corporation Model 609 flame ionization gas chromatograph. A 

.3% polyamide (Versamid 900) on 60/80 Chromosorb P column was used for 

analytical work.

Carbon-Hydrogen-Nitrogen analyses were made by C. F. Geiger of 

Ontario5 California.

Reduction of Cycloheptatriene to Cycloheptadiene (15)

A two liter5 three-necked flask was fitted with a mechanical 

stirrer, an addition funnel and a.Dry Ice condenser. The flask was 

immersed in a Dry Ice-acetone bath and gaseous ammonia admitted into the 

.flask until a liter of liquid ammonia had condensed. To the flask was 

added 50.0 g (2.18 moles) of sodium over a period of 1 hour with the 

solution turning dark blue:' After addition of the sodium, 100 g (1.09:
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moles) of 1,3,5-cycloheptatriene was added and the solution turned dark 

red in color indicating anion formation. Absolute ethanol (200 ml) was 

added slowly with stirring. After, evaporation of the ammonia, 500 ml of

water was added slowly to the residue. The flask was shaken virorously

and the solution filtered. The filtrate was extracted with pentane - 

and the extract dried over anhydrous magnesium sulfate. The extract

was distilled on a spinning band column at atmospheric pressure (700 mm.)
 ̂ ■ . ' . . 

and yielded 55.6 g (.54%) of 1,3-cycloheptadiene, bp 118-120° , lit.

(Ter Borg and Bickel, 1961) bp 121.5-122.5°. The nmr showed a singlet

at 4. 33t for the .four vinyl protons

Bicyclo[3.2.2]non-8-ene 6,7-dicarboxylic Anhydride (1.6)
A 500 ml one-necked flask was fitted with a heating mantle and 

a condenser. To 300 ml of xylene,55 g (.585 mole) of 1 ,3-cyclohepta- 

diene and .60 g ( .613 mole) of maleic anhydride were added. - The solution' 

was refluxed for 12 hours, cooled and filtered. - The solvent, was 

removed (aspirator pressure) and a thick yellow oil remained as residue. 

The-oil solidified.after refrigeration overnight and was recrystallized" • 

from a 1:1 mixture of hexane and carbon: tetrachloride. There was a 

significant loss on recrystallization due to the fact thaf the product 

oiled out easily. The yellow crystals had'a mp of 102-105°, lit.- (Kohler 

et al, s 1939) mp 110-111°. The nmr. spectrum of this compound shows a 

quartet at 3.66% for the two vinyl protons and a broad peak at 6.98 for 

the bridgehead protons (See Appendix).

Anal. Calcd. for C , 68.72; H , 6.25. Fdund: C , 68.50;

H, 6.23.
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Catalytic Reduction of Bicyclo[3. 2..2]non-8--ene 6,7-dicarboxylic 

Anhydride (16)

. . The catalytic reduction of the adduct proved.to be quite diffi

cult as a number of catalysts were used without success. Reduction, 

however, was achieved with 5% rhodium on alumina. To 100 ml of a 10% 

(v/v) solution of anhydrous acetic anhydride in glacial acetic acid was 

added 19 . 2 g (.1. mole), of bicyclo[3. 2. 2]non-8-ene 6 ,7-dicarboxylic anhy
dride^-and 1 g of catalyst (0.1 g was originally used but was insuffi
cient ). The reduction was carried out in a Parr Apparatus at room 

temperature and approximately 40 lbs of hydrogen. The reduction 

required 2 hours. The solution was filtered and poured into 300 ml of 

cold, distilled water with the product precipitating out as a white 

powder.. The reduced adduct was dried and recrystallized from a 1:1 

mixture of hexane and carbon tetrachloride. The yield of bicyclo- 

[3.2.2]nonane 6,7-dicarboxylic anhydride (17) was 13.0 g (68.5%) and 
the white crystals melted at 155-157°, lit. (Kohler et dl.3 1939) mp 

-156-157°. The absence of the quartet at 3.66% in the nmr spectrum 

showed the "reduction had been successful (See Appendix). '

■ Bicyclo[3.2.2]nonane 6,7-dicarboxylic Acid (18)

To 100 ml of 20% sodium hydroxide was added 10 g (.052 mole) of 

,bicyclo[3.2.2]nonane 6,7-dicarboxylic anhydride (17) and the mixture 
refluxed for 12 hours. The anhydride became.powdery during the reflux- 

ing and did not dissolve in the solution as the di-sodium salt formed. 

After this time the reaction mixture was cooled and filtered. The fil

trate was acidified with 6 M hydrochloric acid and a small quantity of



aeld precipitated out (<%%, 0.5 g). The. eollected di-sodiutn salt was ' 

added to 500 ml bf distilled water' and"the.mixture heated to boiling, 

until all. of the salt had dissolved. The solution, was cooled and the ." 

di-aeid.precipitated with 25 ml of 6 M hydrochloric acid. The white. 

plates were dried for two days and the total yield of 9.0 g (80%) was 

realized. The .acid melted at 132^133°, lit. (Kohler at at. ,''1939) mp.
''132-134.° which indicated the ci-s diacid. The infrared spectrum indica- -. 

ted the presence of the acid group: v(0H) 2950 cm v(C0) 1750 cm'^.

Anal. Calcd. for C , 62.25; H, 7.55. Found:, 0,

61.94; H, 7.41.

Bicyclo[3.2.2]non-6-ene (5)
The procedure of Cimurasti and Wolinsky (1968) was followed.

In a 20.0 ml round-bottom flask was placed 60 ml of pyridine (distilled 
from barium oxide) with oxygen bubbled through the pyridine for 15 min

utes. To the pyridine was added 5 g (.0236 mole) of.bicyclo[3.2.2]- 

nonane 6,7-dlcarboxy11c acid (18) and 15.7 g (.0354 mole) of- lead. 

tetraacetate (recrystallized from acetic acid). The flask was immersed 

in an oil bath, the temperature maintained between•68-70° and the solu

tion stirred continuously. Within a few minutes,, vigorous evolution of 

carbon dioxide occurred and the solution became clear. After 10 minutes 

of stirring, the solution was allowed to cool to room temperature. To 

the cooled solution was added 100 ml of concentrated hydrochloric acid-, 
and 200 ml of distilled water, The mixture was steam .distilled with a 

white, waxy material forming in the condenser and receiving flask. The 

product.was extracted with pentane and. the extract dried over anhydrous
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magnesium sulfate. The solvent was removed and the residue sublimed 

at 65° (aspirator pressure, 30 mm). The yield of bicyclo[3.2.2Jnon-6- 
ene was 2.0 g (70%) and had a mp of 123-126°, lit. (Hartmann, 1967) mp 

118-119°. The product decolorized 5% Br^/CCl^. The nmr spectrum of .• 

the olefin showed a quartet at 4.00t for the vinyl protons and a .single 
peak at 7.65% for the bridgehead hydrogens. The remaining protons were 

located in a large peak at 8.50% (See Appendix).

Anal. Calcd. for C^H^: C , 88.50; H, 11.4. Found: C , 88.02;

H, 10.9.

Hydroboration of Bicyclo[3.2.2]non-6-ene (5)

The procedure of Brown and Zweifel (1963) was used,with a num

ber of modifications. To 50 ml of tetrahydrofuran, dried by distilla-. 

tion from lithium aluminum hydride, was added 1.22 g (.0321 mole) of 

sodium borohydride. The mixture was stirred for a half hour to get a 

good suspension. To the suspension was. added 13.0 g (.107 mole) of 

bicyclo[3.2.2]non-6-ene (5) dissolved in 25 ml of tetrahydrofuran, 

followed by the dropwise addition of 5.9 ml (.0468 mole) of boron tri- 

flouride etherate over a period of 45 minutes. The mixture was stirred 

for 1 hour (20°) to insure formation of the intermediate brganoborane 

as indicated by the change of the mixture from.a gray to a white color. 

At this point, 10.ml of water was added dropwise to destroy any excess 

hydride. The reaction mixture was heated to 40° and 13 ml of 3 N sodium 

hydroxide was added, followed by the dropwise addition of 13 ml of 30% 

hydrogen peroxide. The solution was allowed to cool to room tempera

ture and was stirred for 1 hour. The mixture was saturated with sodium
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chloride resulting in the separation of -the water and tetrahydrofuran.

The tetrahydrofuran layer was washed twice with a saturated sodium 

chloride solution and dried over anhydrous magnesium sulfate. The 

tetrahydrofuran was removed (aspirator pressure) leaving a semicrystal- - 

line residue. The product 9 hicyclo[3.2.2]nonan-6-ol (7_) 3 was recrys
tallized from petroleum ether at 5° and had a mp of 185-189°  ̂ lit,

(loan et 1965) mp 191-192°; (Endres, 1967) mp 183-194°. The yield

was 8.0 g (60%).
Identification of the compound was. made through spectral data.

The infrared spectrum of the alcohol, showed the following important 

bands: v(0H) 3350 cm (indicating some hydrogen bonding), and v(CH)

2920 cm \  The mass spectrum showed a major.peak at.m/e 122 indicating 

the loss of hydroxyl from the molecule. The nmr spectrum consisted of. 

peaks at 6.0.5% (â  quartet, IB) and at 6.64% (a singlet., 1H). : The 

remaining, hydrogens were located at 8.5% in a lafge, broad peak. Vapor ■ 

phase chromatography analysis indicated a mixture of isomers in a ratio 

of 6:1 {exo to erido).
Anal. Calcd. ' for C H160:' C, 77.14; H, 11.43,. Found: C, 77. 53;

H, 11.25.

The para-nitrobenzoate was prepared in the usual manner (Shriner,
' « ' ' ■ • - .

Fuson and Curtin, 1964) and it melted sharply at 102-103°. The carbinyl. 

hydrogen•appears at 4.78%.in*the nmr spectrum of this compound. (See 

Appendix). 7
Anal. Calcd. for C^^H^gNO^.: C, 66.44; H, .6 .58. Found: C, 66.26

H., 6.58.
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■Bicyclo[3.2.2]nonan-6-one (2)

The procedure of Poos et at.3 (1952) was followed. To 30 ml of 

pyridine- (distilled from barium oxide) was added 3.0 g (.030 mole) of 

chromium trioxide. After stirring for several- minutes3 1.4. g (.010 mole) 
of bicyclo[3.2.2]nonan-6-ol, (dissolved in 10 ml of pyridine), was added 

to the suspension. The mixture was- stirred overnight at room tempera

ture. The reaction mixture was cooled (ice bath) and 25 ml of a 5M 

solution of sodium sulfite was added slowly to reduce excess chromium 

trioxide. The solution was saturated with sodium chloride and the 

pyridine layer separated and dried over anhydrous magnesium sulfate.

The water layer was extracted with three portions of pentane (30 ml) and 

' the pentane dried over anhydrous magnesium sulfate. The pyridine was 

removed by distillation (aspirator pressure) and the residue -taken up in 

pentane. The two pentane layers.were combined and the pentane removed 

by distillation. The residue was sublimed at 100° and 30 mm to yield 

1,1 g (80%) of bicyclo[3.2.2]nonan-6-one (2), mp 161-167° lit. (Endres,

.1967) mp 157-160°; (Alder et at.3 1956) mp 170°. The infrared spectrum
-1showed strong absorbance at 1720 cm v(C0) lit. (Hartmann and Kumstedt,

-1 -11966) v(C0) 1725 cm and 2930 cm v(CH). The nmr spectrum showed the 

absence of the carbinyl and hydroxyl protons (See Appendix).

Anal. Calcd. for CgH^O: C, 78.26; H, 10.15. Found: C, 77.10;

. H, 10.12.

• The semicarbizone derivative was prepared according to Shriner 

et at.3 (1964); it had a mp of 205-208°, lit. (Endres, 1967) mp 208-210°. 

Anal. Calcd. for c1oH17N3°: 21.53. Found: N, 21.70. "
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-Reduction of Bicyclo[3.2.2]nonan-6-one (2)

To 60 ml of tetrahydrofuran was added 1.1 g (.0075 mole) of 

' lithium-aluminum„hydride and 1.0 g (.00725.mole) of Mcyclo[3.2.2]- 
.nonan-6-one (2). The resulting suspension was stirred overnight and 

then refluxed for 1 hour. The solution was cooled and the excess 

hydride destroyed by the dropwise addition of water (10-15 ml). A

• saturated solution of sodium-potassium tartrate was added (ea. 25. ml)

. until a white5 granular precipitate had formed. The precipitate was . 

allowed to settle and the liquid decanted. ‘ The tetrahydrofuran-water 

mixture was saturated with sodium chloride and the resulting two layers

• separated. - The tetrahydrofuran layer was washed twice with a saturated 

•sodium chloride solution and then dried over anhydrous magnesium sul

fate. The.tetrahydrofuran was removed by distillation (aspirator pres

sure) and the residue taken up in pentane. The pentane was allowed to 

evaporate and the residue sublimed at 120°; (aspirator pressure) to 
yield 0.81 g (80%) of bicyclo[3.2.2]nonan-6-ol.(7). The alcohol melted 

at 186-192° 3 lit. (loan et at.y 1965) mp 191-192° ; (Endres , 1967) mp 

183-194°. The infrared spectrum showed strong bands at 3350 and 2910. . 

cm o. The mass spectrum indicated-loss of a hydroxyl group as a major. 

peak appeared at m/e 122. The nmr spectrum for this compound appears 

in the Appendix. Vapor phase chromatography analysis of the product 

indicated a mixture of:isomers in the ratio of 1:1. The para-nitroben- 

zoate' derivative -melted . at . 116-119° (See Appendix). •

; Anal. Calcd. for C 3 77.14; H, 11.43, .Found: . C3 77.00;
:H,:;il̂ 50.7;



APPENDIX

The first three nmr.spectra in.the following section were recor

ded on a Varian A-60 spectrophotometer. The remaining spectra were 

recorded on a Varian HA-100, instrument. All spectra were obtained in 

carbon tetrachloride solutions using tetramethylsilane as an internal- 

standard.
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Figure A-l. Nmr spectrum of bicyclo[3.2.2]non-8-ene 6 ,7-dicarboxylic 
anhydride (16).

Figure A-2. Nmr spectrum of bicyclo[3.2.2]nonane 6,7-dicarboxylic 
anhydride (17).
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L 1
Figure A-3. Nmr spectrum of bicyclo[3. 2. 2]non-6-ene ( 5_) .

>-«>

Figure A-4. Nmr spectrum of Mcyclo[3.2.2]nonan-6-one (2).



23
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Figure A-5. Nmr spectrum of bicyclo[3. 2. 2]nonan-6-ol (7_) (a mixture of 

and endo isomers in the ratio of 6:1).

fV'Y ‘

Figure A-6. Nmr spectrum of bicyclo[3.2.2]nonan-6-ol (7_) (a mixture of 

exo and endo isomers in the ratio of 1:1).
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Figure A-7. Nmr spectrum of the p-nbz derivative of a mixture of the 

isomeric alcohols in a ratio of 6:1.
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Figure A-8. Nmr spectrum of the p-nbz derivative of a mixture of the 

isomeric alcohols in a ratio of 1:1 .
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