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ABSTRACT 

Three nitrogen-bridgehead, bicyclic urethanes, l-aza-8-oxa-

bicyclo[4.3-0]nonan-9-one, l-aza-3-oxabicyclo[3.3.1]nonan-2-one, 

and .l-aza-6-oxabicyclo [3.2.1]octan-7-one, were synthesized. 

Contrary to popular opinion and in formal disagreement with 

Bredt's Rule, conformationally strain-free bicyclic urethanes ̂  and 

III are stable because of N-2-0 resonance interaction. The demand of 

the carbonyl for electrons is satisfied by N and 0 atoms. 

Urethane was synthesized by cyclisation of 3-chloroformyloxy-

methylpiperidine hydrotosylate using triethylamine or by refluxing 

3-hydroxymethylpiperidinocarbamoyl chloride with excess triethylamine. 

To satisfy the N-C=0 and 0-C=0 electron donation, the molecule does 

not exist in the two-chair form other [3.3.1] systems do, but in a 

form between the two-chair, boat-chair and flat-chair forms. Its low 

carbonyl stretching frequency, resistance to hydrolysis and resistance 

to ring-opening poljraieriaation, all show that the molecule is not 

strained. 

Ill W\j 

viii 



l-Aza-6-oxabicyclo[3.2.1]octan-7-one, was synthesized by 

the reaction of 3-hydroxypiperidinocarbamoyl chloride with four 

equivalents of triethylamine. It absorbed at 1770 cm 20 cm ^ higher 

than Water hydrolyzed it at room temperature and phosphoric acid 

polymerized it at 105°, but it resisted ring-opening polymerization by 

potassium t-butoxide and p-toluenesulfonic acid in DMSO. 

As a reference, I was synthesized in five ways. It was ' X j  

obtained by the action of triethylamine on 2-chloroforrayloxymethyl-

piperidine hydrostosylate, by reacting a mixture of triethylamine, 

phosgene and 2-hydroxymethylpiperidine, and by refluxing ethylene 

carbonate, diphenylcarbonate or di-t-butyl tricarbonate with 2-hydroxy

methylpiperidine. Urethane ^ was stable to boiling water for 24 hr, 

and aqueous sodium hydroxide for two days. It showed no signs of 

poljmierization after heating for extended periods with p-toluene-

sulfonic acid, phosphoric acid or potassium t-butoxide. 

The rearrangements of chloroformylox3T)iperidines to hydroxy-

piperidinocarbamoyl chlorides were performed, and unsuccessful attempts 

were made to synthesize l-aza-3-oxabicyclo[2.2.2]nonan-2-one. 



CHAPTER 1 

INTRODUCTION AND BACKGROUND 

In 1902 J. Bredt and coworkers postulated that their inability 

to prepare the camphoric anhydride 1 either by the cyclization of the 

unsaturated diacid or through dehydrobromination of a-bromocamphoric 

anhydride might be attributable to the instability of such unsaturated 

bicyclic structures (Bredt, Houben and Levy 1902). These findings 

and related observations (Rabe 1908) prompted Bredt, Thouet and 

Schmitz (1924) to suggest that double bonds at the bridgehead atoms 

of camphenes, pinenes and similarly constituted bicyclic compounds would 

impose an unnatural spatial arrangement upon the involved atoms and 

these compounds would therefore suffer prohibitive strain. Bredt's 

rule (Fawcett 1950) was more precisely defined by the work of Prelog , 

Barman and Zimmerman (1950) who found that bicyclo [n,3.1] 

systems with bridgehead double bonds could be prepared if n were 

greater than 4. In Fawcett's terminology (1950), these findings 

1 



2 

indicated that for bicyclo[x.y.z] systems in which x i y ^ z (zj^o), 

Bredt's rule fails to apply when S, the sum of x, y, and z, equals or 

exceeds 9. 

Anti-Bredt Lactams 

Bicyclic lactams with bridgehead nitrogen 2, according, to 

Bredt's rule (Bredt, Thouet and Schmitz 1924), should be very unstable 

because resonance form 2b would be prohibited (Lukes 1939). However, 

Yakhontov (1969) and Pracejus (1959, 1965) synthesized quinuclidon 2 

itself and its 2,2-diraethyl- and 2,2,6-trimathyl derivatives. These 

lactams showed unusual properties. Their carbonyl infrared absorptions 

were found at anomalously high frequencies, they hydrolyzed readily in 

water, and they polymerized. 

However, lactam 2 and its derivatives are also destabilized by 

their possession of a boat 6-membered ring. That this could contribute 

to destabilizing structure 2 was shown by Hall (1958), who showed that 

the homomorphic lactam 2-azabicyclo[2.2.2]octan-3-one 3 smoothly poly-

merized to the open-chain polyamide by sodium hydride or phosphoric acid. 
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NaH 

or 

0 

In an attempt to separate the effect of NCO resonance 

inhibition from conformational strains, Hall and Shaw (submitted) 

synthesized 1-azabicyclo[3.3.1]nonan-2-one Although this could 

choose a two-chair form, its nmr spectrum showed that a chair-boat 

form was preferred, in keeping with Wiseman's rule (Wiseman 1970; 

Marshall and Faubl 1970; Greenberg and Liebman 1976, and Becker 1977). 

Lactam ^ was not very reactive, but it polymerized to the corresponding 

polyamide under the influence of phsophoric acid. This degree of 

stability for ^ corresponds well to that of the homomorphic olefin 

which is isolable yet polymerizes on keeping (Wiseman 1970; Marshall 

and Faubl 1970; Greenberg and Liebman 1976, and Becker 1977). 

N (A- A 
6 



4 

The carbonyl infrared absorption of lactam 4 appears at 1680 cm 

whereas that of the corresponding ketone bicyclo[3.3.1]nonan-2-one, 6, 

is found at 1711 cm~^ (Bailey, Bowers and Gutsche 1963) 

Anti-Bredt Urea 

The demand of the electrophilic C=0 group could be alleviated 

by an adjacent electron-donating atom. Accordingly, Hall'and Johnson 

(1972) synthesized the homomorphic urea 3-isopropyl-l,3-diazabicyclo-

[3.3.1]nonan-2-one 7. This bicyclic urea was chemically very stable '\j 

and shovjed no signs of polymerization. The adjacent has reduced the 

electrophilicity of the C=0 group to the point where its interaction, 

or lack thereof, with is not significant. 

7 

Anti-Bredt Urethanes 

An oxygen atom as the adjacent donor atom would be expected to 

shnw behavior intermediate between 4 and 7. As far as we know no 

bridgehead N bicyclic urethane has been reported in the literature. 

Treatment of cis-4-aminocyclohexanol hydrotosylate with m-cresyloxy-

carbonyl chloride gave the m-cresyloxycarbonyl derivative 8 which, when 

heated with litharge, gave the bicyclic urethane 2-oxa-4-azabicyclo-

[3.2.2]-nonan-3-one, 9, in low yield (Hall 1958). 



rmcooc^H^ 

> 

01) 

8 'X/ 

An attempt to cyclize the N-benzyloxycarbonyl derivative of 

cis-A-aminocyclohexanol with phosgene failed (Ben-Ishai 1956). The 

bicyclic urethane 2-oxa-4-azabicyclo[3.3.l]nonan-3-one, 11, from 

cis-3-aminocyclohexanol, is easily prepared in quantity similarly 

(Burford, Hewgill and Jefferies 1957). 

II 

\ l  

II 

A  / N-H 

HO NHCOOC^H^ ^ 

10 ' 

The urethanes l-aza-6-oxabicyclo[3.2.1]octan-7-one, 12, and 
i\A, 

l-aza-3-oxabicyclo[2.2.2]octan-2-one, 13, could not be obtained by this 
OA. 

method from 3- and 4-hydroxypiperidine (Hall 1958). 
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However, an elegant synthesis of 2-oxazolidinones by the rearrangement 

of chloroformates, 14, of 3-pyrrolidinols was described by Lunsford, 

Fielden and Welstead (1966). Li and Biel (1970) have repeated this 

reaction and extended it to other chloroformates of cyclic amino-

alcohols. These investigators showed that the chloroformates derived 

from various cyclic tertiary aminoalcohol isomerized to chloroalkyl 

monocyclic urethanes by way of the quaternary ions of N-bridgehead 

bicyclic urethanes: 

0 

N —R 
CI 

N _ R  
N —R 
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N-alkylpiperidinols, ̂  and pyrrolidinols, and azetidlnols, 

underwent this isomerization. In no case did chloride ion dealkylate 

the nitrogen atom with formation of RCl as this would have entailed 

formation of the N-bicyclic urethane. 

OCCl 

0 
II 

OCCl 
I 

0 
II 

OCCl 
OCCl 

1 I 
R R 

U 15 16 17 
OA. OA. -Vb 

Our objective was the sjmthesis and characterisation of the 

N-bicyclic urethanes formed from just these ring systems, but starting, 

from the corresponding cyclic secondary aminoalcohols. 

Although phosgene was indicated as the reagent of choice, just 

how this was to be carried out was of concern in the present casa. 

They phosgenated either the hydrochloride salt in CH2CI2 or the free 

tertiary aminoalcohol in benzene,, but, inasmuch as the OH group is the 

only reaction site, the two procedures led to the same product, the 

hydrochloride of the chloroformate. 



8 

0 
OH OH 

NH 
COCl 

HX 

«= 0 
OH 

H—I COCl 

The secondary aminoalcohols used in the present work can react 

with phosgene at either N, to form the N-carbamoyl chloride, or at 0 to 

form the chloroformate. Inasmuch as NH is far more nucleophilic than 

OH toward acyl halides, formation of N-carbamoyl chloride from the 

free aminoalcohol is expected. However, the N can be protonated to 

form the unreactive ammonium ion, and then the OH can be converted to 

chloroformate. Schaefgen, Koontz and Trietz (1959), using p-toluene-

sulfonic acid to protect the amino group, phosgenated the OH groups of 

several aminoalcohols, including 4-hydrox)rpiperidine. 
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Either of these acyl chlorides, once formed, is capable of 

cyclization to the desired urethanes, but again, large differences in 

reactivity can be anticipated. 

Hall (1957) showed that ethyl chloroformate reacts with 

4 -1 -1 
piperidine with the very high rate constant of 10 M sec. . Thus, 

once the free secondary amine is liberated by triethylamine, cyclization 

(or intermolecular polycondensation) should be very rapid. In contrast, 

dimethylcnrbanoyl chloride (Hall and Lueck 1963 and Hall and Morgan 

1956) reacts at only moderate rates even with highly reactive nucleo-

philes such as amines, and reaction with OH groups should be far slower. 

Accordingly, we can anticipate that hydroxy-N-carbamoyl chlorides may 

be isolable and that vigorous conditions will be required for cyclization. 

Finally, from conformational considerations and from studies 

of the polymerizability of bicyclic urethanes, etc. (Hall 1958), it can 

be anticipated that the ease of bicyclic formation will be: 

4.3.0 > 3.3.1 ^ 3.2.1 ^ 2.2.2. The results of our studies agreed with 

these predictions. Appendix A contains the names of compounds and 

Appendix B shows the structures of compounds used in this dissertation. 



CHAPTER 2 

RESULTS AND DISCUSSION 

l-Aza-8-oxabicyclo[4.3.0]nonan-9-one, 18 ̂ 

The bridgehead bicyclic urethane could be prepared from 

2-hydroxjmiethylpiperldlne without stereochemical separation because of 

the umbrella or pyramidal Inversion effect (Andose et al. 1970; 

Stackhouse, Baechler and Mlslow 1971). This urethane Is the least 

strained and all attempts made to prepare It were successful. 

Urethane mp 11-13°, was stable to boiling water for 

24 hours. Reflux with sodium hydroxide for two days did not hydrolyze 

It. It showed no signs of polymerization after heating for extended 

periods with p-toluenesulfonlc acid, phosphoric acid, or potassium 

tert-butoxlde, and only starting material was recovered. All these 

criteria show that the molecule is not strained. 

The synthesis of this bicyclic urethane with a bridgehead 

nitrogen atom was possible owing to the fact that the demand of the 

carbonyl group for electrons has been satisfied by the presence of the 

oxygen atom and because conformational strain is absent from the 

bicyclo[4.3.0]nonane system. 

2-Chloroforraylo::ymethylpiperldine 
p-Toluenesulfonate Salt Route 

2-Piperidinemethanol, was purified by distillation 

(b.p 75/0.07 torr). Many amine acid salts were prepared (perchloric 

10 
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fluorosulfonic, hydrochloric, monochloro-, dichloro- and trichloroacetic, 

trifluoroacetic, p-bromobenzoic, benzenesulfonic and p-toluenesulfonic 

acids). p-Toluenesulfonate salts were preferred because they are 

soluble in organic solvents, e.g. chloroform and dichloromethane 

(Schaefgen, Koontz and Trietz 1959). 

I 1 
OH 

SO„H 

H + H 

OH 

20 OA, 

D. 

COCl, 

îr 

H + H 

OCCl 

The reaction of the ammonium salt, 20, with phosgene was 
w 

carried out at 0° for 90 minutes. The ir spectrum showed the presence 

of a strong carbonyl band at 1770 cm ^ for the chloroformyloxy salt. 

All attempts to recrystallize these carbonyl compounds ended in 

loss of the carbonyl band. 

Attention was directed towards reacting the chloroformyloxy 

salt, with triethylamine directly using the reverse addition method. 

The close proximity of the chloroformyloxy function to the nitrogen atom 

facilitated the cyclization step which leads to the formation of 
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21 + Et^II 

0 

p-Toluenesulfonyl chloride was extracted with the urechane, 

which is obviously formed from the reaction of excess phosgene 

with the p-toluenesulfonic acid-amine salt. The title compound ̂  was 

separated by dissolving in water in which the p-toluenesulfonyl chloride 

is insoluble. Scheme below summarizes a mechanism of formation of 

p-toluenesulfonyl chloride, which is formed only in the presence of 

excess phosgene. 

CI 

/ / 0 

+ CO 
2 

+ CI 
e 



Nucleophillc attack of the sulfonic anion on phosgene leads to 

the formation of 22, which decomposes to carbon dioxide and p-toluene-
'\Aj 

sulfonyl chloride by a nucleophilic attack of the chloride ion. 

Diphenyl Carbonate Route 

Refluxing 2-piperidinemethanol with diphenyl carbonate, 23, 
'W 

(Hall and Schneider 1958) for 18 hours in dichloromethane followed by 

distillation gave l-aza-8-Oxabicyclo[4.3.0]nonan-9-one, in 

64-75% yield. The phenol formed was separated from the bicyclourethane 

using a fractional distillation apparatus. 

0 

23 
'\,'V 

Di-t-Butyl Tricarbonate Route 

An attempt to synthesize l-aza-8-oxabicyclo[4.3.0.]nonan-9-one, 

18, from 2-piperidinemethanol and the di-t-butyl tricarbonate, 25, 
•Wr 

gave 18 in 50% yield. Carbamate 26 was detected by its two carbonyl 
•XA, 'W 

absorptions in the ir region at 1775 cm ^ for the carbonate and at 

1725 cm ^ for the carbamate. After reflux in benzene for 18 hr and 

separation of the two products in the spinning band apparatus, the 



two carbonyls at 1775 and 1725 disappeared and one at 1750 of the 

urethane 18 and one at 1700 of the urethane 27 appeared. 
X'h W 

Ethylene Carbonate Route 

Another attempt to prepare the urethane 18 from equimolar 
w 

amounts of 2-piperidlnemethanol and ethylene carbonate, 28, (Dyer 
'\Aj 

and Scott 1957) gave a 59% yield. The yield was low because 

2-piperidinemethanol sublimes at 100° Ethylene glycol was separated 

from the urethane by distillation under vacuum. A catalytic amount 

of potassium carbonate was added to catalyze the cyclization of 

29 to 18. 
Â/ "VX. 



0 15 

OH 

OH 

0-^ 

Phosgene Route 

l-Aza-8-oxabicyclo[4.3.0]nonan-9-one, was prepared in 94% 

crude yield in one step by reacting an equivalent of 2-hydroxyinethyl-

piperidine with an equivalent of phosgene in the presence of two 

equivalents of triethylamine at -60°. 

mixing equimolar amounts of 4-hydroxypiperidine, triethylamine, and 

phosgene at -30° to -78°. 4-Hydroxypiperidinocarbamoyl chloride did 

not cyclize to l-aza-3-oxabicyclo[2.2.2]octan-2-one using triethylamine, 

potassium carbonate, 2,4,6-collidine, potassium hydride, cyclohexyl-

diethylamine, DABCO, or diazabicyclo-5-nonene using temperatures ranging 

from -78° to 140° and up to seven equivalents of the base. 

+ 2Et2N + COClj 

l-Aza-3-oxabicyclo[2.2.23octan-2-one, 13 

4-Hydroxypiperidinocarbamoyl chloride, was obtained from 
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Looking at Dreiding models of 4-hydroxypiperidinocarbamoyl 

chloride showed that the [2.2.2] urethane cannot be prepared through 

this method because 4-hydroxypiperidinocarbamoyl chloride exists as a 

hybrid involving the resonance form and the hydroxyl group is too 

far from the carbamoyl chloride to effect the cyclization. 

From 4-Hydroxypiperidlnocarbamoyl 
Chloride TJsini? Triethylamine 

An attempt to synthesize the title compound, from 4-hydroxy-

piperidine, two equivalents of triethylamine, and one equivalent of 

phosgene gave only 4-hydroxypiperidinocarbamoyl chloride, in 77-87% 

yield. Addition of triethylamine to M at -78° for 18 hr at 25° for 

24 hr, and at 80° for 16 hr gave only the 4-hydroxypiperidinocarbamoyl 

chloride, Seven equivalents of triethylamine for 24 hr at 25° were 

also unsuccessful. 

Addition of a catalytic amount of tetra-n-butylammonium iodide 

to triethylamine and 4-hydroxypiperidinocarbamoyl chloride did not 

catalyze the cyclization. 
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13 
w 

An attempt to get the urethane from the carbamoyl chloride by 

reflux in toluene at 111° for 24 hr was unsuccessful in the presence of 

tert-n-butylammonium iodide or in its absence. 

Using DBN 

When one mole of 1,5-diazabicyclo[4.3.0]non-5-ene (DBN) was used, 

^ was obtained. But, another mole of DBN at room temperature did not 

cyclize ̂  to the desired bicyclic urethane. When DBN and ̂  were 

refluxed in benzene for 3 hr, the isocyanate ̂  was obtained and was 

characterized by the absorption at 2280 cm ^ in the ir region, but no 

attempt was made to separate it. 

31 
'\Ai 

+ DBN N~rc 
?! 

O 0=' 

w 
-N=?C-0 

32 
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Using Silver Trifluoromethanesulfonate 

When ̂  was treated with silver triflate, a better leaving 

group replaced the chloride. Treatment of 4-hydroxypiperidinocarbamoyl 

triflate, with triethylamine in chloroform gave only decomposition 

products. 

Using Other Bases 

Potassium hydride at 25° was unable to cyclize ̂  to 

Cyclohexyldiethylamine did not do it at 25° for 4 days nor at 140° in 

xylene for 2 days. DABCO did not work either. 

Potassium carbonate in dioctyl phthalate (DOP) at 140° and 0.1 

mm gave the polymer. 

The synthesis of l-aza-3-oxabicyclo[2.2.2,]octan-2-one, has 

been attempted using an equivalent of 4-hydroxypiperidine to two 

equivalents of butyllithium in THF or ethyl ether at room temperature 

then passing in an equivalent of phosgene. The experiment did not give 

the required product, When this experiment was run at -60° it gave 

the same results. 

-COSO^CF^ 



19 

+ 2 BuLi 

OLi 

-/->• U 

% 

Another method attempted to synthesize ̂  was by addition of 

phosgene to a mixture of one equivalent of 4-hydroxypiperidine and two 

equivalents of 2,4,6-collidine in dichloromethane at -60° and was un

successful; it gave the carbamoyl chloride. 

Y 
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Dreiding models were built for the 4-hydroxypiperidinocarbamoyl 

chloride. We expected ^ to have the resonance forms and which 

will give but the latter cannot give since the hydroxyl gruop 

is too far from the carbamoyl chloride to attack and have the ring 

closed. 

The nmr spectra of dimethylcarbamoyl chloride, show the non-

equivalence of the N-methyl groups (63.02 and 63.14); the hindered 

rotation around the C-N bond, is due to contributions from resonance 

form 35b. Even at 60° (in AsF„ solution), the (CH„)„NCOCl-SbCl. 
J 3 2 5 

complex also clearly shows nonequivalent methyl groups (63.72 and 

63.88), although the methyl lines of dimethylcarbamoyl chloride itself 

start to coalesce at 40° (Olah, Nishimura and Kreienbuhl 1973). Thus we 

are in agreement with the literature. 

\ ? "3'; ® / ® 
N-C-Cl -i »• N=C( 

H c / / 
"3^ H„C 

When 31 was heated under vacuum at 180° in an oil bath, a 

polymer was obtained. The polymer, was characterized by nmr 

multiplets at 64.8 (IH), 63.5 (4H) and 61.8 (4H). The ir spectrum 

showed a carbonyl absorption at 1680 cm 
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0 

180° II 
-C -0 

A 

n 

4-Hydroxypiperidinocarbamoyl chloride gave white needle crystals 

at low temperatures from toluene, but it became a colorless liquid at 

room temperature. An attempt to distill it gave only the polymer, but 

it was characterized by ir, nmr, and mass spectroscopy. An attempt to 

depolymerize the polymer was unsuccessful. 

Using Chloroformyloxy Salts 

The p-toluenesulfonate salt of 4-hydroxypiperidine was prepared 

in 89% yield by dissolving the acid and amine in ethyl acetate then 

mixing them, but this salt is insoluble in organic solvents and 

heterogeneous reaction with phosgene was unsuccessful. 

hydrolysis of 2,4,6-triisopropylbenzenesulfonyl chloride, using 50% 

acetone/water and reflux overnight. The ammonium salt of this acid, 

was sparingly soluble in chloroform (2.5 g in 900 mL). When 

2,4,6-Triisopropylbenzenesulfonic acid was prepared by 



phosgene was passed followed by triethylamine at -60°, as before, 

monomer, oligomers and 4-hydroxypiperidinocarbamoyl chloride can be 

detected by ir (C=0 at 1745 and 1700 cm ^). Because excess phosgene 

was used, trilsopropylbenzenesulfonyl chloride, formed too. An 

attempt to distill the monomer out was unsuccessful using a mercury-

diffusion pump. The monomer cannot be purified by fractional 

crystallization from ether at -70°. Dissolving the crude products in 

water to separate the sulfonyl chloride ended in hydrolysis of the 

carbamoyl chloride and the ir absorption at 1745 cm ^ disappeared.. The 

mechanism of formation of the sulfonyl chloride has been discussed 

elsewhere in this chapter. 

The rearrangement of the 4-chloroformyloxypiperidine ammonium 

salt of triisopropylbenzenesulfonic acid, is believed to occur 

through a quaternary nitrogen bridgehead bicyclic urethane intermediate 

(Li and Biel 1970) and is analogous to 0-N acetyl rearrangements. 
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l-Aza-3-oxabicyclo[3.3.l]nonan-2-one, 

The title compound, mp 146-147° has been synthesized by 

addition of 3-hydroxymethylpiperidinocarbomoyl chloride, In ether 

to 10 equivalents of triethylamine and stirring for 24 hr at room 

temperature in 15% yield. 

When ̂  was refluxed in toluene at 110° with excess triethyl

amine for 3 hr, in the presence of a catalytic amount of tetra-n-

butylammonium iodide, ̂  was formed in 28% yield. A yield of 84% was 

afforded by cyclization of 3-chloroforrayloxymethylpiperidine tosylate 

salt, at 25°, with triethylamine. 

l-Aza-3-oxabicyclo[3.3.1]nonane-2-one, absorbed in the ir 

region (Fit?. 1) at 1710 cm for its carbonyl, and a mass spectrum 

showed a molecular wel<?ht of 141.2 as calculated for (Fig. 2). 

An nmr spectrum of this urethane conforms with the assigned 

structure, although complete analysis of the spectrum was not done. The 

methylene group adjacent to the oxygen showed a doublet of doublets 

at 64.6 (IH) and a doublet at 64.2 (IH). The coupling constants 

J._=ll, J„„=8, and J,„= 1, respectively (Fig. 3) indicate that the 
AJJ dL AU 

compound is neither in two-chair form in the chair-boat form 

nor in the chair-flat form When Dreiding models are made, the 

only two forms that are found to satisfy the ~ ̂  ^ ~ ^ 

0 0 
donations are the form between two-chair and chair-flat and the form 

between chair-flat and chair-boat, 40d and 40e, respectively, which 
_ Q "ViiA/ 'WV 

indicates the N - C and 0 - C electron donation (ICarplus 1959, 1963). 
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t+H 4i +1 1 r I ttt-| 

£ 0  1 0 0  
4 i  U 3  

Fig. 2. M.S. of l-Aza-3-oxabicyclo[3.3.1]nonan-2-one. 

I ""I  
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An electron diffraction study of the molecular structure of gaseous 

bicyclo[3.3.1]nonane, carried out at 65°, yielded no statistically 

significant evidence for the presence of any conformer other than the 

double chair. Bond angles and distances were given (Mastryukov 

et al. 1979). 

Once formed, the [3.3.1]-bicyclic system was stable to 

hydrolysis and ring-opening polymerization. It did not hydrolyze 

after 48 hr at room temperature in water. It was stable to hydrolysis 

at 54° for 25 hr and at 84° for 16 hr. Potassium t-butoxide did not 

polymerize it after 22 hr at room temperature, 26 hr at 54° then 16 

hr at 84° in deuterated dimethylsulfoxide. It did not show any 

signs of polymerization by p-toluenesulfonic acid in deuterated 

chloroform and/or DMSO after 24 hr at room temperature, 27 hr at 54° 

or 16 hr at 84°. However, phosphoric acid (85%) in DMSO at 105° for 

27 hr polymerized it. 

Its resistance to hydrolysis, low absorption in the ir region 

(1710 cm ^) and its resistance to ring-opening polymerization all show 
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that the molecule is not as strained as expected, and the demand of the 

carbonyl for electrons is satisfied by the N and 0 atoms. 

Sjmthesis of via 3-Hydroxyplperidino-
carbamoyl Chloride 

3-Hydroxymethylpiperidinocarbamoyl chloride, was prepared 

by addition of an equivalent of phosgene to an equimolar amount of 

3-hydroxymethylpiperidine, and triethylamine in dichloromethane at 

-60 to -30°. The reaction is fast and 15 min is usually sufficient for 

all the phosgene to react. 

k „ J + COCI2 + EtN3 V J 

H 

^N' 
I 

0 - C — C I  

The yield is high when calculated as triethylamine hydrochloride (95% 

crude), but a mass spectrum showed the presence of S-chlorofornyl-

oxymethylpiperidinocarbamoyl chloride, at M/e = 239 if the 

temperature is above -40° or if stirring is not vigorous. 

CTt' 
N  

I 
0=C~C1 

44 



All attempts to purify ̂  were unsuccessful. It could not be 

purified by distillation because it polymerizes on heating by evolving 

hydrogen chloride. 

A 

—C-- + HCl 

0 

II 

Attempts to purify it by cooling at -78° were unsuccessful. It was 

found to be a viscous colorless oil at room temperature. 

Cyclization of ̂  to the bicyclic urethane was attempted 

using different bases and conditions. 

An equivalent amount of triethylamine or diisopropylethylamine 

in dichloromethane or ether at room temperature for 24 hr did not give 

the bicyclic urethane. 

Iirtien l,5-dia2abicyclo[4.3.0]non-5-ene was used, at -50° or at 

room temperature, it gave the poljraier. 

Refluxing ̂  with triethylamine in acetonitrile for 4 hr at 

80° gave l-cyanoacetyl-3-hydroxymethylpiperidine, The product 

was confirmed by ir absorption of the cyanide group at 2300 cm 

(CH^CN at 2250 cm and the spectrum was comparable to the ir 

spectrum of l-cyanoacetylpiperidine, 
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Another attempt to prepare the bicyclic urethane was by mixing 

equimolar amounts of and methylmagnesium bromide in ether at 0°C 

under nitrogen. A white precipitate separated out of ether instanta

neously. The white solid, 48, was refluxed in THF for 1 hr or stirred 

^ , CH3M«Br > I J ^ ̂ 

0= C - CI 

48 

at room temperature for 20 hr, then worked up to give a white solid 

-1 -1 
whose carbonyl absorbs in the ir at 1740 cm , has no OH at 3400 cm 

and melts at 67-70°. This white solid is a magnesium complex of the 

bicyclic urethane since it does not sublime, gives a white precipitate 

which turns violet when treated with silver nitrate and its elemental 

analysis is close for 



~Cl 
Mg 

"c1 

2 

When 41 was dissolved in the minimum amount of ether and 
~ 

added to triethylamine at room temperature, a white precipitate of 

triethylamine hydrochloride came out directly. 

40 
> ~ 

(excess) 

The yield was improved by refluxin~ 3-hydroxymethylpiperi-

dinocarbamoyl chloride with excess triethylamine in the presence of a 
+-

catalytic amount of n-Bu
4

Nr in toluene at 110° (oil bath at 120°) 

for 3 hr. A yield of 28% was obtained. 

When the same experiment was repeated without the tetra-n-

butylammonium iodide using benzene or toluene, it did not give the 

bicyclic urethane. The mechanism of formation of the bicyclic 

+ -
urethane in the presence of n-Bu

4
NI is summarized below, in which 

the carbamoyl iodide, 50, is the intermediate. 
~ 

32 
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41 + n-Bu,MI 
@0 

Other attempts to Improve the yield were directed towards 

replacing the fairly poor leaving group, the chloride, by iodide. 

Stirring potassium iodide in acetone with ̂  overnight did not 

give the carbamoyl iodide, 

Synthesis of ̂  via the Chloro-
formyloxy Salt 

p-Toluenesulfonate salt, was prepared in 54% yield by mixing 

equimolar amounts of ̂  and p-toluenesulfonic acid monohydrate in 

absolute ethyl alcohol. Recrystallization of this salt was difficult. 

3-Piperidinemethanol, was purified by distillation. 

0 
SO^H 

N 

N © H 51 
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The reaction of the ammonium salt with phosgene was carried 

out at 0° for 90 min in dichloromethane. The phosgene was condensed 

in a graduated finger in dry-ice-isopropyl n.Tcohol and carried slowly 

into the reaction vessel by a stream of dry K2« The infrared spectrum 

showed a strong carbonyl band at 1780 cm ^ for the chloroformyloxy 

salt, 42. All attempts to recrystallize these chlorocarbonyl compounds 'X/Vi 

ended in either loss of the carbonyl band (ir) or absorbance at a 

different wavelength. 

+ coci 
2 

Attention was directed toward reacting the chloroformyloxy 

salt directly with triethylamine (2-2.5 mole) using the reverse addition 

method. The product was separated from triethylamine hydrochloride 

by extraction with anhydrous ethyl ether. 

42 Et^N 40 + 41 

-60° 



The ether solution of the products extracted gives ̂  in 10% 

yield when cooled at -30°. This was confirmed by its infrared 

absorption at 1710 cm its parent peak in the mass spectrum at 141.2 

as calculated for C^Hj^^N02, its elemental analysis, and its nmr 

spectrum. 

The other product obtained was 41 which was confirmed by 
"W 

preparation by an unambiguous synthetic method, infrared, nmr, and 

mass spectra. 

The mechanism of formation of the carbamoyl chloride is 

summarized below. 

0 Et-N 
42 > 

// 
0 

52 •vo 

41 
'Vh 
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As stated before, this product is not unexpected since 0-N 

acyl rearrangements through quaternary ammonium intermediates have been 

reported (Li and Biel 1970). 

The difficulty of purifying ̂  is explained elsewhere in this 

chapter. And, through this method, other minor byproducts are 

expected, such as p-toluenesulfonyl chloride and 3-chloromethyl-

piperidine, 56, as illustrated below: 
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\nien the chloroformyloxy salt was dried by evaporating the 

solvents then treated with 2 equivalents of triethylamine at 25°, 

bicyclic urethane 40 was obtained in 84% yield after extraction in w 

ether from salts in a soxhlet extractor for 48 hr. 

+ 2Et3N 

Synthesis of ̂  via Diphenyl Carbonate 

An attempt to synchesize the title compound, from equimolar 

amounts of diphenyl carbonate, and 3-piperidinemethanol, in 

the minimum amount of benzene as solvent at room temperature gave only 

phenyl B-hydroxjmiethylpiperidinocarbamate, The reaction was 

exothermic and was over in 1 hr. 

I 
0 —C-0-(|) 

All attempts to convert to ̂  failec^. An attempt to 

distill ̂  to give ̂  and phenol gave only the polymer. Refluxing 

57 in benzene for 7 days at 80° was unsuccessful. Heating 57 in a <w VXj 

solvent was intended to induce formation of monomer. Thus, benzene 

was replaced by xylene and was refluxed for 19 hr at 140°, but the ir 

28° 

40 

84% 



taken was essentially the same as that of the starting material, 

Addition of K2CO2 in catalytic amount to xylene at 140° for 4 hr or 

barium oxide for 8 hr or titanium tetra-n-butoxide for 48 hr failed to 

catalyze the cyclization or transesterification of 

Synthesis of 40 via Ethylene Carbonate 

The synthesis of l-aza-3-oxabicyclo[3.3.1]nonan-2-one, from 

equimolar amounts of 3-piperidinemethanol and ethylene carbonate, 

was attempted by refluxing the two at 100-110° for 22 hr followed 

by heating the product, which is apparently 2-Hydroxyethyl 3-hydroxy-

tnethylpiperidinocarbamate, in a spinning band apparatus. Only brown 

decomposition material condensed on the walls of the apparatus. 

After 4 hr of heating under vacuum, only a little fraction distilled 

at 60-62° (1 mm). The ir of the residue at this time showed carbonyl 

a short column apparatus and a 1 mm pump (bath at 'v250°). As before, 

a compound distills but decomposes on the walls of the apparatus and 

absorption at 1690-1700° and 'V'1745 cm To the flask was added a 

catalytic amount of ^200^ (anh.) and the mixture was distilled using 
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leaves brown residue on the walls which looks sticky like a resin or 

a poljmier. The carbamate itself distilled out at 97-130° (1.4-2iran). 

The carbonyl adsorption of this fraction was at 1690 cm The 

residue was found to be a polymer since its carbonyl absorption was 

at 1690 cm ^ and it was insoluble in ethyl ether. 

When barium oxide was used to catalyze the transesterification 

of ̂  to no reaction was noticed and ̂  distilled out at 100-180° 

(0.4-0.5 mm). 

l-Aza-6-oxabicyclo [3. 2. IJoctan-y-one, 

l-Aza-6-oxabicyclo[3.2.l]octan-7-one, mp 112-113°, was 

obtained in 61.3% overall yield from the reaction of 3-hydroxypiperidino-

carbamoyl chloride, with four equivalents of triethylamine after 

1 hr reflux at 90° in toluene. 

An ir spectrum (Fig. 4) of the compound showed a carbonyl 

stretching absorption at 1770 cm ̂  which is 20 cm ^ higher than that of 

l-aza-8-oxabicyclo[4.3.0]nonan-9-one, another five-membered ring 

bicyclic urethane. The higher carbonyl absorption and the hydrolysis 

with water at room temperature indicate the strain of the title com

pound. However, it was not polymerized by potassium t-butoxide or 

p-toluenesulfonic acid, but phosphoric acid at 105° for 24 hr 

polymerized it. 

The nmr spectrum of the compound as expected showed 

multiplets, at 64.8 (IH), 63.3 (4H) and 61.95 (4H) (Fig. 5). 
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7-one. 

Spectrum Amplitude: lx8 
Integram Amplitude: 2 
Spinning rate (RPS): 39 
Solvent: CDC1

3
/TMS 

Sweep Time (sec): 
Sweep Width (Hz): 
Filter: 
RF Power Level: 

250 
500 

1 
0.1 



42 

T r 

31 
50 100 ISO 

Fig. 6. M.S. of l-Aza-6-oxabicyclo[3.2.1]octan-7-one. 
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A mass spectrum of the bicyclic urethane gave a parent peak at 

M/e = 127.2. The pattern of decomposition is parallel to ones reported 

for the other bicyclic urethanes: loss of CO2 (83.1), then decomposi

tion of the piperidine ring. The structure was confirmed by elemental 

analysis (Fig. 6). 

Attempted Synthesis of L? from 3-Hydroxy-
piperidine p-Toluenesulronate Salt 

3 Hydroxypiperidine p-toluenesulfonate salt, was obtained in 

90% yield from 3-hydroxypiperidine, and p-toluenesulfonic acid 

monohydrate. 

SO.H 
S(̂  

<!> C 
60 61 

When the salt was reacted with phosgene at 0°, it gave the 

chloroformyloxy salt, which showed carbonyl absorption in the 

infrared region at 1775 cm 
-1 

61 
•\Aj 

COCl, 

OCCl 

H © H 

62 
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The chloroformyloxy salt, J^, was treated with trlethylamine 

(2-2.5 mole) at -60° directly without purification. Only the 3-hydroxy-

piperidinocarbamoyl chloride, could be obtained. 

^^3^ H—N 

c? 

3 

Cl^—c 

©/ 
c  ^ o '  

// 
0 

Cl—c. 

11 

H—N 

3-Hydroxyplperidinocarbamoyl chloride, could not be purified 

by distillation or crystallization, but its structure was confirmed by 

preparing it by another method. 

+ COClj + Et^N 



Some polymer was obtained, too, 

reaction of ̂  with triethylamine. 

which is apparently from the 

Attempted Sjmthesis of from Ethylene 
Carbonate 

When equimolar amounts of ethylene carbonate, 28, and 60, were 
 ̂ ' r\/\j ' r\/\, ' 

heated for 25 hr at 100-110°, 2-heydroxyethyl 3-hydroxypiperidino-

carbamate, was obtained in 98% yield. The structure was confirmed 

by infrared and nmr spectra and elemental analysis. 

All attempts made to cyclize 64 were unsuccessful. Barium 
\̂Aj 

oxide (Dyer and Scott 1957), potassium carbonate, potassium carbonate 

in crown ether or titanium tetra-n-butoxide did not catalyze the 

cyclization. 

^ OH 

'CR 



Synthesis of 4/? from 3-Hydroxy-
piperidine. Phosgene, and Triethylamine 

3-Hydroxypiperidinocarbamoyl chloride, was obtained in 

87.3% yield, as triethylamine hydrochloride, when 3-hydroxypiperidine, 

phosgene and triethylamine were reacted at -60° in dichloromethane. 

The carbamoyl chloride, reacted with 4 equivalents of 

triethylamine in toluene at 90° for 1 hr to give the title compound, 

12, in 61% overall yield. 'VU 

^ + 4 Et3N ^ U 

Some polymer was obtained during distillation of the monomer 

at 98°/0.01 mm in a kugelrohr (31% yield). 



CHAPTER 3 

EXPERIMENTAL 

Instrumentation 

All melting points were determined in "C in a Thomas-Hoover 

melting point apparatus and are uncorrected. Nuclear magnetic resonance 

(nmr) spectra were determined on a Varian model T-60 spectrometer at 

60 MHz. Infrared (ir) spectra were obtained -with a Perkin-Elmer 337 

grating infrared spectrophotometer, llass spectra were determined on a 

Hewlett-Packard 5930A quadrapole mass spectrometer. Gas chromatograms 

were obtained on a Varian Aerograph 1700 using a five foot x 1/4 inch 

column packed with 3% S.E. 30 on 80-100 mesh chromosorb W AW/DMCS HP. 

Inherent viscosities were determined with an Ostwald-Fenske viscometer. 

Elemental analyses were performed by Ghemalytics, Inc., Tempe, 

Arizona, or the University Analytical Center, Department of Chemistry, 

University of Arizona, Tucson. 

Chemicals 

All the chemicals are from Aldrich Chemical Co., Inc., unless 

otherwise mentioned. 

l-Aza-S-oxabicyclo [4.3.0] nonan-9-one, J.g 

2-Piperidinemethanol p-Toluenesulfonate Salt, ̂  

p-Toluenesulfonic acid monohydrate (3.00 g, -15,8 mmole) was dis

solved in absolute alcohol and added.to an equimolar amount of distilled 

47 
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2-piperidineinethanol (b.p. 1 5 ° / 0 . 0 1  mm) In 50 mL absolute alcohol. 

This was concentrated to half its original volume. The salt was 

precipitated by addition of ether and recrystallized from ethyl 

acetate/ethanol (9:?), mp 128-129°, 81% yield (recryst.) 

Anal. Gael. C: 54.36 H: 7.32 N: 4.88 S: 11.15 

Found: 54.19 7.49 4.92 11.35 

l-Aza-8-oxabicyclo[4.3.0]nonan-9-one, ̂  

2-Piperidinemethanol p-toluenesulfonate salt, 20 (8.83g, 29 

mmole) was dissolved in 600 mL dry dichloromethane (4A molecular sieve) 

in a IL three neck Morton flask fitted with a thermometer and a con

denser. Through the third neck two tubes were fitted: one for nitrogen 

and the other for phosgene, extending nearly to the bottom of the flask. 

The exit from the condenser was protected with a U-tube mineral oil 

trap. The apparatus was dried with a Bunsen flame and cooled under a 

stream of nitrogen. Phosgene (5.72g, 57.8 mmole, 4.11 mL) was condensed 

in a small graduated finger using dry-ice-isopropyl alcohol bath. 

Phosgene was swept into the reaction vessel, which was kept at 0° using 

dry-ice isopropyl alcohol bath, by a stream of dry nitrogen (NaOH). 

After 90 min of magnetic stirring, all the phosgene passed and the re

action vessel was left to warm up to room temperature with magnetic 

stirring for 30 min to expel any excess phosgene. The chloroformyloxy 

salt, 21, which was found to absorb in the C=0 stretching region at 
'X/Vf 

1775 cm was transferred to a pressure equalized dropping funnel and 

added dropwise to 86.7 mmole (8.78g, 12.1 mL) dry triethylamine 
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(distilled from CaH2) in 600 mL dry dichloromethane (4A molecular sieve) 

in a 2L flask. The addition was over in 70 min. The dichloromethane 

was rotavaporated leaving a white residue. This was further dried 

under vacuum for 1 hr and a liter of anhydrous ether was added and 

stirred for 14 hrs, filtered, and then the anhydrous ether was rota

vaporated leaving 7.8 g of a yellowish liquid after 30 min under 

vacuum. The nmr showed the presence of p-toluenesulfonyl chloride by 

a quartet at 67.5 (4H) and a singlet at 62.5 (3H), while ir showed its 

presence by a peak at 1600 cm The p-toluenesulfonyl chloride was 

separated by dissolving the urethane in water (p-toluenesulfonyl 

chloride is insoluble in water) and filtering. The water was rota

vaporated at 60° and the urethane was purified by molecular distillation 

(bp 91/0.03mm Hg). Vpc showed only one peak, retention time 1.5 min at 

ry f 

175° using a flow rate of 20 mL He per min (n =1.4890). Crude yield 

91% (75% purified), mp 11-13° taken by freezing the liquid then leaving 

it to x^arm up slowly. 

ir (neat):C=0 stretch 1750 cm C-H stretch 2950 cm 

2860 cm Overtone of C=0 at 3500 cm ^ (Fig. 7). 

nmr; Multiplet at 64.8 (IH), multiplet at 64.2 (3H), multi-

plet at 63.25 (IH), multiplet at 62.1 (6H) (Fig. 8). 

M.S-. t The mass spectrum of the product exhibits the 

following relatively abundant peaks: M/e (relative 

intensity) 141.2 as calculated for (55.3), 

140.2 (60.5), 86 (28.0), 83.0 (100), 68.9 (39.4), 

55.0 (26.4).(Fig. 9). 



2.5 

o.o: . . . . . 
I . . ... ' : 

1
-:-:-. -. . --:--: 
: :· - - !. - : : 

.Hi' .. 

! 
! : 
I I 

3500 3000 2500 2000 1500 1300 1700 1100 1000 
NIOUIOOC:t tCII •1 

Fig. 7. IR spectrum of 1-Aza-8-oxabicyclo[4.3.0]nonan-9-one. 

Solvent: 
Reference: 
Scan Speed: 

None 
Air 
Fast 

900 

20.0 r" 25.0' ' 

0.0 
I . . 

. ! .i 
~~r~~~:--
... t . . . . . . • .10 

. . . 
· ·: : t . 

~---~_;1+~__.~--~· .50 

+--...----1 .60 
-+-~--+--:-+~~__.___,.....,._~ .70 

800 700 600 



51 

•• > 

5.0 3.0 2.0 1.0 4.0 PPM 

Fig. 8. NMR spectrum of l-Aza-8-oxabicyclo[4.3.0]nonan-9-one. 

Spectrum Amplitude: 2.5 Sweep Time (sec): 250 
Integral Amplitude: 3 Sweep Width (Hz): 500 
Spinning Rate (RPS): 40 Filter: 1 
Solvent: (Neat, ext. TMS) RF Power Level: 0.1 
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Fig. 9. M.S. of l-Aza-8-oxabicyclo[4.3.0]nonan-9-one. 
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CHN: For C^H^j^N02 

Calc: C 59.57 H 7.80 N 9.93 

Found: 59.30 7.53 9.66 

Synthesis of ̂  from Diphenyl Carbonate 

2-Piperidinemethanol (7.26g, 0.063 mole) was added to an 

equimolar amount of diphenyl carbonate (13.50g) in 25 mL dry dichro-

methane (from 4A molecular sieves). The mixture was refluxed for 18 hr. 

The solvent was rotavaporated to dryness and the flask was connected 

to a distillation apparatus with a fractionating column. The phenol 

distilled out at 57° (0.14 mm) and then the urethane, 18, came out at 

93° (0.27 mm), weighing 6.5 g (72%). The structure was confirmed by 

ir and nmr. 

Synthesis of ̂  from Di-t-butyl Tricarbonate, ̂  

2-Piperidinemethanol (0.011 mole, 1.32g) was added to an 

equimolar amount (3.00g) di-t-butyl tricarbonate in 100 mL dry dichloro-

methane and carbon dioxide evolved. The reaction was monitored by ir, 

which showed two carbonyl absorptions at 1725 and 1775 cm After 

3 hr of reflux the ir did not show any reaction. Dichloromethane was 

rotavaporated and replaced by dry benzene (from 4A molecular sieves ) 

and the solution was refluxed at 80° for 18 hr. The products were 

found to contain the urethane, (ir at 1750 cm ^), and a t-butyl-

urethane which was thought to be formed by decarboxylation of the 

urethane carbonate above. 



54 

Synthesis of from Ethylene Carbonate 

2-Plperldineinethanol (0.135 mole, 15.56g) was mixed with an 

equimolar amount of ethylene carbonate (11.90g). The mixture was heated 

on an oil bath at 100 to 110° for 18 hr and then connected to a 

spinning band apparatus and the fraction collected at 124-126° (1 mm) 

was found to be the bicyclic urethane It weighed 16 g (59%). 

Synthesis of ̂  from Triethylamine and Phosgene 

To l.OOg (8.6 mmole) 2-hydroxymethylpiperidine, 18, 1.76g 

(2.41 mL, 17.2 mmole) triethylamine was added in dichloromethane in a 

250 mL r.b. flask. This was cooled in a dry-ice isopropyl alcohol bath 

to -60° and 0.86g (0.62 mL, 8.6 mmole) phosgene was condensed in a gradu

ated finger using dry-ice isopropyl alcohol and transferred to the 

reaction vessel with the aid of 20 mL cool dichloromethane with vigorous 

magnetic stirring. The flask was left to warm up to room temperature, 

dichloromethane rotavaporated and the urethane was extracted with 

anhydrous ether (yield 1.15& 94%). The product was characterized by ir 

and nmr and was identical with samples prepared by other methods. 

Stability of to Water, Acid, and Base 

Water. The title material was soluble in water. A solution was 

monitored by gas chromatography in order to detect changes due to 

possible hydrolysis. No change was observed, hovrever, after 24 hr at 

room temperature. Another sample (309 mg) as a solution in water (10 mL) 

was heated under reflux for 24 hr. Chromatograms followed standard 



Injections showed no change over this period. The material was com

pletely stable toward water. 

p-Toluenesulfonic Acid Monohydrate. A few small crystals of 

p-toluenesulfonic acid monohydrate (12 mg) were dissolved in 332 mg of 

The infrared spectrum recorded after standing at room temperature 

for 23 hr showed no change from starting material. The mixture was 

transferred to an nmr tube and heated at 110-120° for 21 hr. After 

this time, the mixture became dark brown (slight decomposition), but 

nmr and infrared spectra, were essentially identical with ones of start

ing material. 

Sodium Hydroxide Solution. A solution of 388 mg of the 

urethane and 523 mg of sodium hydroxide in 5 mL of water and 3 mL of 

tetrahydrofuran was refluxed for 48 hr. Chromatograms following stan

dard injections showed no significant change over this period. 

Potassium tert-Butoxide. A sample of 613 mg was mixed with a 

small quantity of potassium tert-butoxide ('v2 mg). This mixture was 

allowed to stand at room temperature for 44 hr under nitrogen. There 

was no change in the composition of the material as determined by 

infrared analyses. The mixture was heated at 140-150° under nitrogen 

for 23 hr. The infrared spectrum recorded aftar this time was 

essentially identical with the one of starting material. 

85% Phosphoric Acid. A mixture of 626 mg of the urethane 

and 12 mg of 85% phosphoric acid was heated at 110-120° for 19 hr. 

Infrared spectrum recorded after this time was identical with starting 

material. The same mixture was heated at 150-160° for 33 hr. At 
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the end of this period, an ir spectrum was found to be identical with 

that of starting material. 

Attempted Synthesis of 
l-Aza-3-oxabicyclo[2.2.2]octan-2-one, ^3 

Synthesis of 4-Hydroxypiperidino-
carbamoyl Chloride, ̂ 1 

Equimolar amounts of 4-hydroxjTDiperidine and triethylamine were 

mixed in dichloromethane and cooled to -60°. An equimolar amount of 

phosgene was transferred with the aid of 20 mL cool dichloromethane 

with magnetic stirring, solvent rotavaporated and 4-hydrox3rpiperidlno-

carbamoyl chloride was extracted with ether or toluene (100 mL), 

filtered, cooled at -60° to separate the white needle crystals, and the 

solvent decanted. A yield of 77-87% was obtained. 

ir: C=0 at 1735 cm 0-H at 3400 cm C-H at 2860 

and 2940 cm 

nmr: 63.7 multlplet (5H), 61.8 multlplet (4H), singlet 

OH, (IH) moving. 

M.S.: M/e = 163, as calculated for CgHj^QN02Cl 



Attempted Synthesis of from Using Triethylamine 

Addition of two equivalents of triethylamine to an equivalent 

of 31 in dlchloromethane at room temperature for 24 hr was unsuccessful. 
'\/\j 

Addition of a catalytic amount of tetra-n-butylammonium iodide was 

ineffective in another 24 hr. Infrared and nmr spectra of the 

material extracted by ether after rotavaporating dlchloromethane were 

essentially identical with one of the starting materials. 

When equimolar amounts of the amine and the carbamoyl chloride 

were refluxed in benzene at 80° (oil bath at 100°) for 3 or 18 hr, no 

reaction was noticed. 

Seven equivalents of the amine for 18 hr at 25° did not 

cyclize ̂  to ;i^. 

At -78° for 18 hr of vigorous mechanical stirring, excess tri

ethylamine was unable to cyclize ̂  to 

Attempted Sjmthesis of ̂  Using Potassium Carbonate 

Excess anhydrous potassium carbonate was added to (1.0 g) 

in dioctyl phthalate. The round bottom flask was fitted to a distilla

tion apparatus. At 150° and 0.2 torr, solid appeared on the walls of 

the flask, but no urethane distilled out. 

Attempted Synthesis of Using Cyclohexyldiethylamine 

When equimolar amounts of the two (8.5 mmole each) were 

refluxed in xylene at 140° (oil bath at 160°) for 48 hr, no reaction 

was noticed. 



When the reaction was done in ether at room temperature for 

four days, no Et^N^HCl precipitated from the ether, which suggests 

no reaction. 

Attempted Synthesis of O Using DABCO 

An equivalent of ̂  was mixed with two equivalents of DABCO in 

ethyl ether at room temperature. White solid started precipitating. 

After 17 hr, the solid was filtered. The nmr spectrum of this solid 

showed mainly DABCO (singlet at 3.1). Its infrared spectrum showed 

carbonyl absorption at 1680 cm which is possibly the polymer. The 

mass spectrum of this white solid indicated the presence of di-4-

hydroxypiperidinocarbonyl (M/e=228). 

Attempted Synthesis of ̂  from ̂  Using DBN 

Equimolar amounts of the two were mixed in dichloromethane at 

room temperature for 1 hr. No reaction was noticed except that some 

polymer formed when the solvent was rotavaporated and the strong base 

came in contact with the carbamoyl chloride. The ir showed carbonyl 

absorption at 1735 cm ^ for the carbamoyl chloride and at 1680 cm ^ 

for the polymer. The base and carbamoyl chloride were extracted in 

benzene and refluxed for 2 hr at 80° (oil bath at 100°). The solvent 

was rotavaporated and the residue was extracted with ether for 15 min, 

then filtered and the ether rotavaporated. The ir of the residue showed 

a broad carbonyl absorption at 1740 cm isocyanate absorption at 

2280 cm ^ and hydroxyl at 3300 cm which indicates a mixture of 

isocyanate and starting material. The gummy solid insoluble in 
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ether was found to absorb in the carbonyl region at 1680 cm and 

thus it should be the poljnner and the ammonium salt. 

When an equivalent of 4-hydroxypiperidine was treated with 2 

equivalents of DBN at -60° in dichloromethane, and then the reaction 

mixture was left at 25° for 24 hr with a catalytic amount of tetra-n-

butylammonium chloride, the same results were obtained. The ir 

spectrum showed a polymer (1680 cm and the ether soluble materials 

(1740 cm for M and the-isocyanate at 2280 cm 

Attempted Synthesis of ̂  Using Potassium Hydride 

To l.Og 4-hydroxypiperidinocarbamoyl chloride in dichloro

methane at room temperature, excess potassium hydride was added. 

After, 1 hr the solids were filtered and the solvent rotavapored. The 

ir taken was almost identical with one of starting material. 

Attempted Synthesis of ̂  Using Silver Triflate 

To 4.3 mmole (0.71g) of the carbamoyl chloride in 100 mL 

ethyl ether an equimolar amount of silver triflate (l.llg) in ether 

was added. Silver chloride and ̂  precipitated from ether, were 

filtered off, and ̂  was taken up in chloroform and the silver chloride 

was filtered off. The carbamoyl triflate is unstable at r.t. Tri-

ethylamine 4.3 mmole (0.61 mL) was added to the chloroform solution, 

the solvent rotavapored, and the residue was extracted with ether, 

filtered, and the ether rotavaporated to dr3mess. The ether insoluble 

compound was OSO2CF2 by nmr. The final product was decomposition 

products in ether and some of the starting material. 
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Polymerization of ̂  by Heat 

When l.Og of ̂  was heated at ISC/O.l mm in an oil bath, a 

polymer was obtained in 90% yield. Melting point: at 220® decomposition 

started and it became brown but it did not melt up to 270°. The 

polymer was precipitated from ether twice for analysis. 

ir; C=0: 1680 cm"^, C-H: 2850 and 2935 cm~^ 

nmr: Multiplets: 4.8 (IH); 3.5 (4H); 1.8 (4H) 

Analysis: Calc. C 56.69 H 7.40 N 10.73 

Found 55.17 7.09 11.02 

Attempted Synthesis of ̂  by Heating M 

4-Hydroxypiperidinocarbamoyl chloride, l.Og, was refluxed for 

24 hr at 111° in toluene (oil bath at 140°). The starting material 

was obtained unreacted at the end of this period. 

Hydrolysis of 2,4,6-Triisopropylbenzenesulfonyl Chloride, ̂  

The sulfonyl chloride (12.5g, 41 mmole) was refluxed in 1:1 

acetone/water at a 90° oil bath for 17 hr (yield 11.7g, mp 110-112°). 

4-Hydroxypiperidine p-Toluenesulfonate Salt 

4-Hydroxypiperidine (5.8g, 57 mmole) and an equivalent amount 

of p-toluenesulfonic acid (10.91g) were dissolved in ethyl acetate 

separately, then mixed, giving the salt in 89% yield, mp 109°. 

Analysis Calc. C 52.75 H 69.95 N 5.12 

Found 52.70 6.66 5.25 
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4-Hydroxypiperidine Trlisopropylbenzenesulfonate Salt, ̂  

The hydroxyamine (2.5g, 25 nnnole) was dissolved in ethanol 

and the acid was dissolved in ethyl acetate. The salt, when re-

crystallized from ethyl acetate, gave a fluffy precipitate in 77% 

yield, mp 220(d). 

Analysis Calc. C 62.34 H 9.09 N 3.64 

Found 62.43 9.37 3.37 

Attempted Synthesis of ̂  Using Butyllithium 

To l.OOg (10 mmole) 4-hydroxypiperidine in 500 mL THF, 1.25g 

butyllithium was added at room temperature, then 0.7 mL (10 mmole) 

of phosgene was added. The presence of the carbamoyl chloride was 

confirmed by its absorption at 1745 cm ^ in the ir region, but it 

disappeared slowly giving absorption at 1690 cm ^ instead. Either 

lithium chloride formed or the highly basic medium caused polymerization. 

Attempted Synthesis of Using Phosgene 

Apparatus was as in the previous similar experiments. The 

salt (2.7g, 7 mmole) was partially dissolved by boiling in 900 mL 

chloroform then cooled to -10 to 0° using a dry-ice-isopropyl alcohol 

bath. Phosgene (1 mL, 14 mmole) was condensed in a graduated finger 

using a dry-ice-isopropyl alcohol bath and introduced into the reaction 

vessel using a slow stream of dry nitrogen during 30 min, then the 

flask was cooled to -60° and 2.5 mL (18 mmole) dry triethylanine in 50 

mL chloroform with vigorous stirring, then everything was left to warm 

up to room temperature, and the solvent was rotavaporated to dryness 
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after filtration. The solid filtered was found to be triisopropyl

benzenesulfonyl chloride, mp 94-95°. The ir spectrum taken at this stage 

showed the presence of carbamoyl chloride (1745 cm~^) monomer 

(1700 cm and triisopropylbenzenesulfonyl chloride and/or salt 

(1600 cm C=C). An attempt to separate the monomer even at 65° 

-4 using a mercury-diffusion pump at 4 x 10 mm was unsuccessful. Another 

attempt to separate the benzenesulfonyl chloride by addition of water in 

which it is insoluble ended in fast hydorlysis of the carbamoyl chloride 

-1 
(no absorption at 1745 cm , but absorption at 1700 did not disappear). 

Attempted Synthesis of 13 Using Collidine 
J tiL '\Aj " and Phosgene 

4-Hydroxypiperidine (l.Og, 10 mmole) was mixed with 2,4,6-

collidine (20 mmoles, 2.61 mL) in 300 mL dichloromethane in a 500 mL 

round bottom flask, then cooled to -50°. Phosgene (0.7 mL, 10 mmole) 

was condensed in a graduated finger at -70° using a dry-ice-isopropyl 

alcohol bath and poured into the reaction vessel with vigorous magnetic 

stirring, left to warm up to room temperature, then filtered, solvent 

rotavaporated and the collidine was distilled out at high vacuum and 

most of the residue was dissolved in 5 mL anhydrous ethyl ether leaving 

white solid behind. Filtration and rotavaporation of the ether left the 

carbamoyl chloride as a colorless oil which absorbed in the ir at 

1745 cm 

An attempt to use 4-hydroxjrpiperidine itself as base gave only 

decomposition products. 
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l-Aza-3-oxablcyclo [3.3.1]nonane-2-one, 

Synthesis of ̂  

3-Hydroxjraiethylpiperidine (2.0g, 17.3 mmole) was added to an 

equimolar amount of triethylamine (2.5 mL) in 140 mL dichloromethane. 

The round bottom flask was cooled to -65° using dry-ice-isopropyl 

alcohol. An. equimolar amount of phosgene (1.26 mL) was condensed in a 

graduated finger in a dry-ice-isopropyl alcohol bath and poured into 

the r.b. flask with the aid of 20 mL cold dichloromethane with vigorous 

magnetic stirring. After 15 min, the flask was left to warm up to 

room temperature and solvent rotavaporated and product extracted with 

ether and triethylamine hydrochloride filtered out. If the reaction 

was run at higher temperature than -65° or the stirring was not 

vigorous, 3-chloroforinyloxymethylpiperidinocarbamoyl chloride was formed. 

The yield as triethylamine hydrochloride was 95%. 

-1 -1 
ir: C=0 stretch 1735 cm (slow), 1740 cm (fast) 

broad. C-H stretch, 2850 cm ^ and 2925 cm 

0-H 3400 (broad). 

M.S.: M/e-177, as calculated for C^Hj^2N02Cl 

nmr: Multiplet at 64.3 (3H) 

Singlet at 64.3 (IH) (exchangeable) 

Doublet at 63.5 (2H) 

Multiplet at 63.0 (2H) 

Multiplet at 61.80 (5H) 
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Attempted Synthesis of ̂  from 
^ and Triethylamine 

When equimolar amounts of triethylamine and ̂  were mixed in 

ether at room temperature, no reaction was noticed. In another experi

ment 2 eauivalents of triethylamine in THF were used and white pre

cipitate started coming out slowly and 2 hr of reflux with a catalytic 

amount of tetra-n-butylammonium iodide gave ^8% of the theoretical yield 

of triethylamine hydrochloride. When excess triethylamine was used and 

refluxed in benzene or toluene for 18 hr or 3 hr, respectively, no 

urethane was separated. When acetonitrile was used as solvent and 

refluxed for 4 hr, only l-cyanoacetyl-3-hydroxymethylpiperidine was 

obtained (in 29.6% yield based on 0.43g triethylamine hydrochloride). 

Attempted Synthesis of ̂  Using Other Bases 

When 2 equivalents of diisopropylethylamine, 1 equivalent 

phosgene, and an equivalent of 3-hydroxymethylpiperidine were reacted 

at -60°, the bicyclic urethane was not obtained. Instead the carbamoyl 

chloride was collected. Equimolar amounts of diisopropylethylamine and 

^ in ether at room temperature for 24 hr did not give the bicyclic 

urethane. 

When DBN was used as base, the carbamoyl chloride gave the 

polymer and decomposition products. 

Attempted Synthesis of 3-Hydrox3miethyl-
piperidinocarbamoyl Iodide, ̂  

Three equivalents potassium iodide (5.32g) in acetone was 

stirred with an equivalent of 3-hydroxymethylpiperidinocarbamoyl 

chloride at r.t. for 16 hr. No reaction was noticed. 



Attempted Cyclization of ̂  Using 
Methyl Magnesium Bromide 

To 7 mmole (1.3g) 3-hydroxyniethylpiperidinocarbamoyl chloride 

in ether (150 mL), an equimolar amount of methyl magnesium bromide 

(2.3 mL, Aldrich) was added at 0° under nitrogen. TThite precipitate 

came out immediately, which was dissolved in 200 mL THF and refluxed 

for 1 ht at 66° or stirred at r.t. for 20 hr. THF was removed by 

rotavaporation and benzene was added to extract any urethane formed, 

with magnetic stirring for 30 min. The benzene was rotavaporated and 

the residue was dissolved In 1:1 ether/pentane mixture and cooled 

-70° in dry-ice-lsopropyl alcohol to give white crystals that melted 

at 67-70°, were insoluble in water, gave a white precipitate when 

AgNO^ was added, and did not sublime. 

Ir: C=0 stretch, 1740 (slow), 1725 (fast) cm ^ 

C-H stretch, 2865 and 2930 cm ^ 

No OH 

M.S.: peaks from 0-382° 

Elemental analysis for is as follows: 

Found: C 46.93 H 6.05 N 7.04 

Calc: 59.57 7.80 9.93 

Synthesis of l-Aza-3-oxablcyclo[3.3.1]-
nonan-2-one, 40 

' '\A, 

3-Hydroxymethylplperidinocarbamoyl chloride was prepared as 

mentioned above and taken into 30 mL of ethyl ether, then 60 mL tri-

ethylamlne was added and the mixture was stirred magnetically at room 



temperature for 24 hr. Triethylamine hydrochloride started precipi

tating out directly. The white solid was filtered, the solvents 

rotavaporated, and the oily residue was dissolved in 20 mL 1:1 pentane/ 

ether mixture and cooled at -50° and the crystals that came out were 

separated by decanting the liquid above them and redissolved in 

ether rejecting the insoluble residue which was separated by decantation 

and ether solution cooled to get purer cyrstals. This process was 

repeated five times until nice white crystals were ob'tained which were 

sublimed at 25-60° (0.1-0.2mm Hg). The overall yield was 15% (0.12g). 

In another experiment, starting from 3-hydroxymethylpiperidine 

(16 mmole, 1.85g), ̂  was prepared in 83.7% yield based on triethyl

amine hydrochloride (1.85g). 3-Hydroxymethylpiperidinocarbamoyl 

chloride was dissolved in 150 laL toluene, then 0.5g tetra-n-butyl-

ammonium iodide was added together with 15 mL triethylamine and refluxed 

at 110° (oil bath at 120°) for 3 hr, then cooled to r.t., filtered, and 

rotavaporated at 50°. Ethyl ether (50 mL) was added to the orange-brown 

residue. The insoluble material was rejected. When the ether solution 

was cooled at -60°, it gave 0.80g of crude yellowish crystals (crude 

yield 35%). This was distilled in a kugelrohr at 25-85° (0.01mm) 

giving 0.64g (28% yield), mp 146-147°. 

ir: C=0 stretch, 1710 cm ^ (slow), 1700 cm ^ (fast) 

C-H stretch, 2855, 2940 cm ^ 

Overtone of C=0 at 3400 cm ^ (Fig* 1 ) 
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nmr: Doublet of doublets 64.6 (IH), doublet 64.2 (IH), 

multiplets 64.1 to 62.7 (4H), multiplet 62.2 (IH), 

multiplet 61.7 (4H) (see Figure 3.) 

M.S.: Mass (abundance %) 141.2 (23.9%), 97.1 (27.5%), 

96.0 (24.3%),83.0 (14.4%), 82.0 (21%), 68.9 (99.4%), 

67.9 (97.6%), 66.9 (35.4%), 54.9 (48.9%), 

42.9 (100%), 41.9 (89.5%), 41.0 (46.6%) (Fig. 2). 

CHN as C^H^^N02 

Calc: C 59.57 

Found: 59.57 

3-Piperidinemethanol p-Toluenesulfonate 
Salt, 

3-Piperidinemethanol (bp 72°/0.05 mm, 20.7 mmole, 2.38g) was 

dissolved in 50 mL absolute ethyl alcohol (warm). An equimolar amount 

of p-toluenesulfonic acid monohydrate (3.93g) was added. When anhydrous 

ether was added, a white cloud appeared which condensed into an oil. 

This oil solidified by cooling at 10° for 3 days and white needle 

crystals appeared above it. This was filtered and recrystallized from 

an ethyl acetate mixture (1:1), mp 76-78°, 54% yield. 

CHN analysis as calculated for C^H^^N02: 

Calc: C 54.36 H 7.32 N 4.88 S 11.15 

Found: 53.32 7.33 4.38 11.42 

H 7.80 N 9.93 

8.32 9.90 



Sjrnthesis of 3-Chloroformyloxymethyl-
piperidine p-Toluenesulfonate Salt, ̂  

3-Plperldinemethanol p-toluenesulfonate salt (9.22g, 30 mmole) 

was dissolved in 100 mL dry dichloromethane (4A molecular sieves). 

The solution was poured into a 3 neck 500 mL Morton flask fitted with 

a condenser, a thermometer and the third neck for passing phosgene and 

nitrogen. The exit from the condenser was protected with a U-tube oil 

trap. The apparatus was dried with a Bunsen flame and cooled under a 

stream of nitrogen before pouring the solution. The system was magnet

ically stirred and kept at 0° using a dry-ice-isopropyl alcohol bath. 

Phosgene (60.6 mmole, 6g, 6.3 mL) was condensed in a small graduated 

finger using a dry-ice-isopropyl alcohol bath and passed into the 

solution by a stream of dry nitrogen (NaOH). The reaction was com

pleted in 90 min. The chloroformyloxy salt prepared was rotavaproated 

to a brovmish paste, which solidified under vacuum. The crude yield 

was 92%. An infrared spectrum of the compound showed a strong C=0 

stretching absorption at 1780 cm After 3 days on the bench, an ir 

spectrum showed a weak C=0 stretching absorption at 1780 cm~^. All 

attempts to recrystallize it from dry benzene at different temperatures 

resulted in loss of the C=0 stretching band in the ir. Attempts to 

recrystallize it from ethyl acetate (alone or in combination with 

benzene) ended in the appearance of the C=0 stretching band at different 

wavelength. 



ir (neat): C=0 stretch at 1780 cm N-H stretch at 

3400 cm~^ 

nmr (CDCl^); Quartet at 67.5 (4H), doublet 64.2 (2H), 

multiplets 63.8 to 61.0 and singlet 62.2 (14H). 

Sjmthesis of 40 from 42 
OA/ "W/ 

3-Chloroformyloxymethylpiperidine p-toluenesulfonate salt 

(2.3g, 6.26 mmole) was dissolved in 200 mL dry dichloromethane 

(4A molecular sieves) and added dropwise from a pressure equalized 

funnel to 12.52 mmole (1.75 mL) triethylamine (distilled from CaH^) in 

300 mL dichloromethane. The addition was over in 1 hr. The solvent 

was rotavaporated to dr5mess. The residue was transferred to a soxhlet 

thimble and extracted with ether for 8 hr, filtered, and rotavaporated 

leaving 0.74g of white crystals, which melted at 144-146°; yield, 84%. 

An nmr spectrum (CDCl^) and an infrared were completely identical with 

authentic sample prepared by another method. 

When the chloroformyloxy salt was treated with triethylamine 

without evaporating the solvent at -60°, the bicyclic urethane was 

obtained in about 10% yield and the main product obtained, as a color

less viscous oil, was 3-hydroxjmiethylpiperidinocarbamoyl chloride 

(63% yield, C=0 at 1745 cm OH at 3400 cm ^). The [3.3.1]bicyclic 

urethane was separated from the carbamoyl chloride by cooling at -30° 

from ether where white crystals came out and the solvent above them 

was decanted. The urethane can be distilled in a kugelrohr and 

sublimed (mp 146-147°). 



ir: C=0 at 1700 cm ^ (fast), CH at 2935 and 2860 cm ^ 

nmr: (CDCl^) Multiplets 64.8 to 61.2 (see Figure 1) 

M.S.: at low energy only parent peak was 141 which is the 

molecular weight of the monomer and the spectrum is 

in good agreement with spectrum of 1-aza- 8-

oxabicyclo[4.3.0]nonan-9-one, ̂  (Fig. 3). 

CHN: Calc C 59.57 H 7.80 N 9.93 

Found 59.35 7.76 10.00 

Attempted Synthesis of ̂  Using 
Diphenyl Carbonate, ̂  

3-Piperidinemethanol (5.93g, 51 mmole) was added to an equimolar 

amount of diphenyl carbonate (11.03g) in 5 mL benzene at room temperature. 

The reaction was exothermic and was over in 1 hr, but the bicyclic 

urethane did not form; instead, the phenylurethane was formed. All 

attempts to cyclize this urethane were unsuccessful. It was refluxed 

for 19 hr in xylene (oil bath at 160°), then catalytic amounts of 

potassium carbonate, barium oxide, or titanium tetra-n-butoxide failed 

to cyclize or transesterify it. The ir spectra taken at all these 

steps looked essentially identical. 

Attempted Synthesis of ̂  Using 
Ethylene Carbonate, ̂  

Ethylene carbonate (5.80g, 66 mmole) was mixed with an equi

molar amount of 3-piperidinemethanol (7.60g) and then the product was 
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dissolved in 50 mL methanol and passed over amberlite IR 120-H to 

remove unreacted amine, and then the solvent was rotavaporated and the 

reaction vessel was connected to a spinning band apparatus after 

addition of a catalytic amount of barium oxide to catalyze the cycliza-

tion. At 100-180° (0.4-0.5 mm), 7.37g was collected, which was found to 

be compound ̂  (62% yield). 

ir: C=0 at 1690 cm ^ 

In another experiment, the products were heated in the distilla

tion apparatus keeping the oil bath at 160°, but only brown decomposition 

products distilled out. Addition of a catalytic amount of potassium 

carbonate did not catalyze the cyclization and compound ̂  distilled 

out at 93-130° (2 mm). The residue was found to be polymer which was 

characterized after dissolution in ethyl acetate and then precipitation 

by addition dropwise to ethyl ether. 

Depolymerization of the Pol3rmer, ^ 

Another attempt to get the monomer by depolymerization of the 

polymer at 350° using a Wood's metal bath gave only brown decom

position products. 

Stability of l-Aza-S-oxabicyclo[3.3.1]nonan-
2-one, 40, to Water, Acid, and Base lA; 

Water. The bicyclic urethane is soluble in water. A sample 

('V'60 mg) was dissolved in deuterated chloroform and an nmr spectrum 

taken, then 5 drops of water were added and another nmr spectrum was 



taken after 30 sec of vigorous shaking. After 48 hr at room temperature, 

an nmr spectrum was taken and was found to be identical with that of 

starting material. The nmr tube was heated for 25 hr at 54° then for 

16 hr at 84°, and nmr spectra taken were identical with that of starting 

material. Furthermore, solvents were evaporated and "^-0.5 mL deuterated 

chloroform was added and an nmr spectrum was taken and was found to be 

completely identical with one of starting bicyclic urethane. 

Potassium t-Butoxide. A sample of the urethane ("^<60 mg) was 

dissolved in 0.5 mL dimethylsulfoxide-d and an nmr spectrum was taken, 
o 

then a few crystals of potassium t-butoxide were added to the nmr tube, 

dissolved in DMSO and another nmr spectrum was taken. After 22 hr 

at room temperature, then 26 hr at 54°, then 16 hr at 84°, no change 

was noticed in the spectra taken from the starting material. 

p-Toluenesulfonic Acid Monohydrate. A few crystals of 

p-toluenesulfonic acid monohydrate were added to an nmr tube of the 

urethane in deuterated chloroform. Spectra taken after 24 hr at room 

temperature, 27 hr at 54° or 16 hr at 84°, were essentially identical 

with spectra of the starting material. 

Phosphoric Acid 85%. In CDCl^ a drop of the acid at 25° did not 

polymerize 65 mg of the urethane after 24 hr (nmr), but it polymerized 

it at 105° for 27 hr in DMSO (nmr). 



l-Aza-6-oxablcyclo[3.2.1]octan-7-one, %% 

Synthesis of 3-Hydroxypiperidlne 
p-Toluenesulfonate Salt, 61 

3-Hydroxypiperldine (lO.SOg, 104 mmole, Aldrich, purified by 

distillation, bp 100°/2 mm Hg) was mixed with an equimolar amount of 

99% p-toluenesulfonic acid monohydrate (19.74g, Aldrich). The mixture 

was dissolved in 50 mL absolute ethyl alcohol. The reaction was exo

thermic. After cooling, this was transferred to a dropping funnel and 

added dropwise to 400 mL anhydrous ethyl ether in a 500 mL conical flask 

fitted with a magnetic stirrer. The white precipitate was filtered 

then dried (27.15g, 90% yield). The sample sent for elemental analysis 

was recrystallized twice from (9:1) ethyl acetate/ethanol, mp 120°. 

Analysis for 

Calc: C 52.36 H 7.64 N 5.09 S 11.64 

Found: 52.53 7.84 5.36 11.68 

Attempted Synthesis of ^ from 
Phosgene, and Triethylamine 

Procedure and apparatus were as in the previous similar 

experiments. To 9.7g (33 mmole) 3-hydroxypiperidine p-toluenesulfonate 

salt (50 mmole) 3.6 mL phosgene was added and the chloroformate formed 

was treated with 10.2 mL (73 mmole) triethylamine at -60°. The 

solvent used was chloroform. Only ̂  was obtained (4.02g, 96% yield, 

crude). Chloroform was freed from ethanol by passing through an 

alumina column. 



Ir: C=0 stretch, 1745 cm ^ 

C-H stretch, 2850 and 2920 cm ^ 

0-H at 3400 cm~^ 

Synthesis of 2-Hydroxyethyl 3-Hydroxjrpiperidino-
carhamate, 64 

3-Hydroxypiperidine (3.97g, 39 mmole) was added to an equimolar 

amount of ethylene carbonate (3.46g) and heated at 100-110° for 26 hr. 

2-Hydroxyethyl 3-Hydroxypiperid±nocarbamate was obtained in 98/":! yield 

(7.15g, distilled). 

ir: C=0 stretch, 1685 cm ^ 

0-H 3400 cm~^ 

C-H stretch 2855, 2930 cm ^ 

nmr: Multiplets 61.7 (4H), 63.4 (3H), triplet at 63.7 (4H), 

multiplet at 64.3 and singlet at 64.4 (4H) 

Elemental analysis for CgH^^NO^: 

Calc: C 50.79 H 7.94 N 7.41 

Found: 50.49 7.84 7.65 

Attempted Synthesis of ̂  Using 
Ethylene Carbonate, M 

3-Hydroxypiperidine (4.55g, 45 mmole) was refluxed with 3.96g 

(45 mmole) ethylene carbonate for 18 hr, then 25 mL methanol was added, 

filtered, and passed over Amberlite IR 120-tt, then the yellow solution 

was concentrated to half its volume and cooled at 0° for 1 hr to 

induce crystallization; no crystals were obtained. Solvent evaporated 
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and the residue was distilled in a spinning band apparatus. At 40-50° 

(0.2 torr), unreacted carbonate distilled out, but nothing else up to 

180° for 1 hr. A catalytic amount of barium oxide ('vO.Olg) was added 

and distillation continued using a Wood's metal bath at 250°. At 

120-130° (0.3 mm), 2-hydroxyethyl'3-hydroxypiperidinocarbamate was 

collected, but no bicyclic urethane was obtained. In other experiments, 

other catalysts were added to cyclize 2-hydroxyet.hyl 3-hydroxypiperidino

carbamate, but none of them was successful: potassium carbonate, 

potassium carbonate in dicyclohexyl-18-crown ether, titanium tetra-n-

butoxide, and barium oxide. 

Synthesis of 3^ Through the Carbamoyl 
Chloride, ̂  

3-Hydroxypiperidine (3.6g, 35.6 mmole) was dissolved in 

dichloromethane with an equimolar amount of triethylamine (5 mL) and 

cooled to -60° in a dry-ice-isopropyl alcohol bath. Phosgene was 

condensed in a graduated finger at -60° and transferred to the reaction 

vessel with the aid of 20 mL cool dichloromethane. After 15 min at 

room temperature, the solvent was rotavaporated at 25° and the 

3-hydrox3rpiperidinocarbamoyl chloride was extracted in 180 mL toluene 

(yield 87.3% as triethylamine hydrochloride, 4.28g). To the toluene 

solution, 20 mL (142.4 mmole) triethylamine was added and triethyl

amine hydrochloride started precipitating out immediately. The flask 

was refluxed for 1 hr at 90° (100° oil bath), then white triethylamine 

hydrochloride was filtered, toulene rotavaporated at 50°, and the 

brown residue was distilled in a kugelrohr at 98° (0.01 mm) giving 



1.72g of the [3.2.1]bicyclic urethane ̂  and the residue in the 

distillation flask was dissolved in dichloromethane and added dropwise 

to 400 mL of ethyl ether in a 400 mL beaker. Polymer precipitated 

out (1.40g, 31% yield). The ether was evaporated to give 1.05g of 

the monomer. An analytical sample was purified by sublimation at 

25°/0.01 mm (total overall yield 61.3%, mp 112-113°). 

ir: C=0 stretch, 1770 cm ^ (slow) and 1758 cm ^ (fast) 

C-H stretch, 2940 cm ^ and 2860 cm ^ (brbad) 

Overtone of C=0 at 3540 cm ^ (Fig- 4) 

nmr; Triplet (multiplet) at 64.8 (IH), multiplet at 63.3 

(4H), multiplet at 61.95 (4H), (Fig. 5) 

M.S.: M/e = 127 as calculated for CgHgN02: 

Peak (abundance %) 127.2 (6.4), 83.1 (16.7), 70.1 

(11.9), 68.1 (7.5), 55.0 (78.8), 54.0 (22.8), 43.1 

(27.0), 42.1 (100), 41.1 (41.1), 39.1 (29.3)(Fig. 6) 

CHN: As CgHgN02: 

Calcd: C 56.69 H 7.09 N 11.02 

Found: 56.37 7.20 10.94 

ir of poljnner C=0 stretch 1680 cm C-H stretch 2860, 

2945 cm~^. 

nmr of polymer (CDCl^): Broad multiplets 63.63 (IH), 

63.84 (4H), 61.7 (4H) 
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Stability of l-Aza-6-oxabicyclo[3.2.1]octane-
7-one, to Water, Acid, and Base 

Water. The title material was completely soluble in water. 

When 60 mg were taken in 0.5 mL water in an nmr tube, it dissolved 

quickly, then white precipitate came out of the water solution. Spectra 

(nmr) taken after 22 hr at room temperature were completely different 

from ones of starting material. The bicyclic urethane hydrolyzed at 

room temperature. 

p-Toluenesulfonic Acid Monohydrate. To 60 mg of the [3.2.1]-

bicyclic urethane 0.5 mL deuterated chloroform, in an nmr tube, was 

added. A few crystals of p-toluenesulfonic acid were added. Spectra 

taken after 23 hr at room temperature were essentially identical with 

ones of the starting material. Chloroform was evaporated and deuterated 

DMSG was added and put at 105° for 24 hr. Spectra taken after this 

period were completely identical with spectra of the starting material 

in DMSG. No polymerization occurred. 

Potassium t-Butoxide. To 60 mg of the urethane in an nmr tube, 

0.5 mL CDCl^ were added, then a few crystals of potassium t-butoxide. 

After 22 hr at room temperature, the urethane did not show any sign 

of polymerization. ^^3 replaced by DMSG and the tube was 

heated at 105° for 24 hr. Spectra (nmr) taken after this time were 

completely identical with spectra of the starting material taken in 

deuterated DMSG. 



85% Phosphoric Acid. To 60 mg of the title compound In 0.5 mL 

DMSO-d,, a drop of 85% phosphoric acid was added. A spectrum (nmr) 
o 

taken after 20 hr at room temperature was identical with one of the 

starting material. When the nmr tube was left at 105° for 24 hr, ̂  

polymerized (peaks shifted upfleld and became broader). 



APPENDIX A 

NAMES OF COMPOUNDS 

1. Camphoric anhydride 

2. 1-Azabicyclo[2.2.2]octan-2-one 

3. 2-Azabicyclo[2.2.2]octan-3-one 

4. 1-Azabicyclo[3.3.1]nonan-2-one 

5. Bicyclo[3.3.1]non-l-ene 

6. Bicyclo[3.3.1]nonan-2-one 

7. 3-Alkyl-l,3-diazabicyclo[3.3.1]nonan-2-one 

8. m-Tolyl cis-N-(4-Hydroxycyclohexyl) urethane 

9. 2-oxa-4-azabicyclo[3.2.2]nonan-3-one 

10. m-Tolyl cis-N(3-Hydroxyclclohexyl) urethane 

11. 2-Oxa-4-azabicyclo[2.2.1]nonan-3-one 

12. l-Aza-6-oxabicyclo[3.2.1]octan-7-one 

13. l-Aza-3-oxabicyclo[2.2.2]octan-2-one 

14. N-Alkyl-3-chloroformyloxypyrrolidine 

15. N-Alkyl-3-chloroformyloxypiperidine 

16. N-Alkyl-4-chloroformyloxypiperidine 

17. N-Alkyl-3-chloroformyloxyazetidine 

18. l-Aza-8-oxabicyclo[4.3.0]nonan-9-one 

19. 2-Hydroxymethylpiperidine 

20. 2-Hydroxymethylpiperidine tosylate salt 

21. 2-Chloroformyloxymethylpiperidine tosylate salt 

22. p-Toluenesulfonyl-S-chloroformate 

23. Diphenyl carbonate 

24. Phenyl 2-hydroxyinethylpiperidinocarbamate 
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25. Di-t-Butyl tricarbonate 

26. 2-Hydroxymethylpiperidine t-butyl carbonate carbamate 

27. t-Butyl 2-hydrox3rmethylpiperidinQcarbainate 

28. Ethylene carbonate 

29. 2-Hydroxyethyl 2-Hydroxymethylpiperidinocarbainate 

30. 2-HydroxyTnethylpiperidinocarbamoyl chloride 

31. 4-Hydroxyplperldinocarbamoyl chloride 

32. 3-Isocyano-n-propylaldehyde 

33. 3-Hydroxypiperidinocarbamoyl trifluoromethylsulfonate 

34. 0,N-Dilithio-4-piperidinol 

35. Dimethylcarbamoyl chloride 

36. Poly - 4, N-piperldyloxycarbonaraide 

37. 4-Hydroxjrpiperidine triisopropylbenzenesulfonate salt 

38. Triisopropylbenzenesulfonyl chloride 

39. 4-Chloroformyloxypiperidine triisopropylbenzenesulfonate salt 

40. l-Aza-3-oxabicyclo[3.3.1]nonan-2-one 

41. 3-Hydroxymethylpiperidinocarbamoyl chloride 

42. 3-Chlorofornyloxyniethylpiperidine tosylate salt 

43. 3-Hydroxymethylpiperidine 

44. 3-Chloroformyloxymethylpiperidinocarbamoyl chloride 

45. Poly-3-piperidinemethyoxycarbonamide 

46. l-Cyanoacetyl-3-hydroxymethylpiperidine 

47. 1-Cyanoacetylpiperidine 

48. 3-Methoxymagnesiuin bromide-piperidinocarbamoyl chloride 
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55 

56 

57 

58 

59 

60,  

61, 

6 2 ,  

63. 

64, 
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Bis-l-a2a-3-oxabicyclo[3.3.1]nonan-2-one magnesium chloride 

S-Hydroxjrmethylpiperidinocarbamoyl iodide 

3-Hydroxymethylpiperidine tosylate salt 

3-Chloroformyloxymethylpiperldine 

N-Hydro-l-aza-3-oxabicyclo[3.3.l]nonan-2-one chloride 

0-Hydro-l-aza-3-oxabicyclo[3.3.1]nonan-2-one chloride 

N-Hydrobicyclo[3.1.1]heptan chloride 

3-Chloromethylpiperidine 

Phenyl 3-hydrox3miethylpiperidin ocarbainate 

2-Hydroxyethyl 3-hydroxjrmethylpiperidinQcarbamate 

3-Hydroxyplperidlnocarbamoyl chloride 

3-Hydroxypiperidine 

3-Hydroxypiperidine tosylate salt 

3-Chloroformyloxyplperidine tosylate salt 

Poly- 3, N-piperidyloxycarbonamide 

2-Hydroxyethyl 3-hydroxyplperidino.carbamate 



APPENDIX B 

STRUCTURES OF COMPOUNDS 
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