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ABSTRACT 

PART A 

In this thesis research on the action of Grignard reagents 

with norbornene oxide has been initiated and found to be of pos sib le 

synthetic utility . 

The products of the reaction· of three aryl·Grignard reagents , 

(phenyl , .2,- and �-tolylmagnesium bromide)-, and· a typical alkyl Grignard 

reagent, (methylmagnesium iodide� have been separated, identified, and 

characterized . The reaction of the aryl organometallic compounds with 

norbornene oxide yielded mixtures·of 7-syn-norbornenol, and.the corres-

ponding 2-�-aryl-7-�-norbornanols . The unsaturated norbornanol 

was the predominant product in each case , its percentage · yield being 

s lightly higher in the case of the· somewhat more·ster�cally encumbered 

o-tolyl reagent, Me thylmagnesium iodide and norbornene oxide reacted - . 
to give a mixture of four norbornanols , 7-�-norbornenol, 2-!!£-methyl-

7-�- and anti-norbornano� , and 2-!!£-iodo-7-syn-norbornanol, A 

mechanis tic justification of both types of reactions ?as been proposed . 

The nuclear magnetic resonance· (nmr) and infrared (ir) spectral 

data of the above products have been ob tained and listed . 

The mass spectra of six · 7-norbornanols have· been· recorded, and 

tentative , partial fragmentation patterns forwarded . The compounds 

s tudied were·7-syn-norbornenol,  7-norbornanol ,  2-�-phenyl-7-�-norbor-

nanol, 2-�-cyclohexyl-7-�-norbornanol ,  2-�-met hyl-7-�-norbornanol,  

and 2-�-methyl-7-�-norbornanol . 
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PART B 

The s' tructure of  the product of· the· acid· catalyzed· dehydration 

of 2-.E,-anisylnorbornane-2 , 3-cis-� ... dioi··in· hydrochloric· acid.;.tetrahy-

drofuran h as been reassigned . It·was discovered,·on the·basis·of further 

data, that . th e  s tructure of the high melting solid was that of the dimer 

of the epox ide , a .£- dioxane , rather than the epoxide itself . Th is change 

was proposed for many reasons . A near total nm� analysis of  the compound 

was comple te d ,  including double irradiation experimen ts , an iterative 

compute r  program comparison between the theoretically generated and exper-

imen tal spe ctra ,  and h igh temperatu re nmr· s tud ies . The ���·�' ,�'- te tra-

deuterio derivative was syn thes ized and by means of elevated temperature 

nmr the free ene rgy barrier to rotation abou t the aryl-norbornane bond 

-1 was computed. to be 19 �6 kcal mole • 

Two 2-arylnorbornene-2 ,3-�-ox ides (phenyl and 4-chlorophenyl) 

have been syn thesized and their nmr and ir spectral data reported . Some 

chem ical reactions of  the phenyl-norborn ene ox ide have been accomplished� 

The reaction of the oxide with phenylmagnesium b romide gave but one 

product , 3 ,3- diphenyl-2-�-norbornanol , in marked con tras t to the behavior 

o f  norbornene oxide. Hydride reduction gave exclusively 3-endo-phenyl-2-

�-norbornanol , con trary to norbornene· oxide which. yielded a m ix ture of  

2-�-norbornanol , and 7-norbornanol . The oxirane ring of the arylnorbor-

nene oxides is eviden tly quite strained as acetic acid and absolute 

methanol add across the carbon-oxygen bond easily to yield 3-�-acetoxy-

2-endo-phenyl-2-�-norbornanol and 3-�-methoxy-3-endo-phenyl-2-�-

norbornanol,  respectively . 



vi 

The ultraviolet spectra of· the two arylnorbornene· oxides have 

been scanned and compared with .. those·of� the·anaiogous .. styrene oxides 

and their olefinic predecessors. 

The mass spectra have been obtained· for norb�rnene oxide , 5-

endo-acetoxynorbornene oxide , 2'-phenylnorborn ene;.;..2 ,3-�-ox ide , 2 - (4 -

chlorophenyl)-norbornene-2 ,3-�-oxide; 2-phenylnorbornene , and 2- (4� 

chlorophenyl)-norbornene� Limited degradation pathways have been p ro­

posed . 
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PART A . 

SOME REACTIONS OF NrJimOR..�E OXIDE 



CHAPTER I 

INTRODUCTION 

A. History 

1. S yntheses of Norbornene Oxides 

The synthesis of norbo�ene-2 , 3-�-oxide, o r  _simply n ·orbo mene . 

oxide, ( I) , was first described simu ltaneously by Kwart and Vosburgh1 

and Walborsky and Loncrini ,2 in 1954. Kwart and Vosburgh utilized the 

reaction o f  monoperpht halic acid upon norbornene, (II ) , for a yield of  

25%, whi le Walborsky and Loncrini reacted (II) in the cold with sodium 

acetate buffered 40% peracetic acid for a yie ld of 70%. In 1960 Soloway 

and Cristol3 reported a yie ld o f  80% by the action of perbenzoic acid 

on (II ) .  

( 1) 

( II )  (I)  

The three teams of researchers reported pure (I) as  being formed, b ut 

in 1962 Watanobi , Pillai, and Pines4 utilized t he method of  Walborsky and 

Loncrini and reported a ternary mixture as being fo rmed, the ratio of  prod-

ucts being 25:18:7 , as determined by-preparative gas-liquid chromatograp hy,  

{glc) . T hey suggested the corr�sponding structures to be (I ) ,  t he endo 

isomer:of (I ) ,  structure (III ) , and the 2 , 7  four membered oxirane struct-

ure ( IV) . 5 In 1963, Kwart and Takeshita described the product of peracetic 

acid oxidation of norbornene as being a mixture of 94% ( I) and 6% ( II I) . 

2 



3 

Crandall, 6 in 196 4 rescl ve.d tre a;"tomaly presf!'."::ed t.y Wa.tanobi, et al. , 4 by 

(III) 

�9 V-1.' 
(IV) 

descri bi ng the reau:angemf!nt of  (I) duri ng expo sure to the column packing 

during gas chromatographicanalysis ( Chromosorb P on Carbowax 20M at 120°C) . 

He isolated and identlfied the thre.e products as 3-cyclohexenealdehyde , 

(V), norcamphor, (VI ), and 2-nortricycle.nol (VII). H. C .  Brown and co-

(V) (VI) ( VII) 

7 worke rs , in 1967,  des cribed the product of epoxidation of (II )  as being 

99.5 %  (I), and 0.5%  (III), although the method of epoxidation was not 

mentioned. 

Since 195 7  a varie ty of subs tituted norbornene oxides have been 

reported . Among them are those with 5-endo sub s ti tuents such as (VIII), 

8 (I X), (X), and (XI), reported by He.nbes t and Nicholls , and ( XII ), 

synthesized by Shahak , Mano r, and Be rgman. 9 

R VIII R = OH 
H 

IX R = OCCH3 

X R = CH2 0cH3 0 " 
XI R = CH2 0CCH3 \ 
XII R :; CH3 



4 
Norbornene oxides with mo iet ies in the 7-�� and 7-anti pos it ions 

lO are known, s uch as (XIII ), by Tcr-1, an d (XI V), (XV) , and ( XVI), reported 

H 
XIII R = 1 OCCH3, R2 "" H 
XIV Rl,R2 "" OCH� j 

XV R1 = H, R = OH 2 
XVI Rl,R2 = > = 0 

11 by Gassman. The syn thes is of the m�no � epoxide of ncrbo rnadiene , 

10 . 12 ( XVII ), has been reponed b y  Tori , and Soloway has de scribed the 

epo xidat ion of dihydrocyclopentadiene dimer, 1n which the oxirane ring 

is with in the no rbornyl f ramework,  (XVIII ), Bat·tlet t13 has described the 

syn thesis and p rope rties o f  the � epoxide of the benzonorbotnadiene . 

14 ( XIX), and Meinwald the·g ,Q'-diace�ate of (XI X) , (XX). Ch ris tal , Caste , 

and Pl€nat 15 have synthesized a varie ty o f  5 subs t ituted , and 5 ,6 

disubstituted norbornene oxides , (XXI)- (XXVI II ). 

(XVII) (XVIII) 
XIX R1,R2 = H 

0 XX R1,R2 ; oBcH3 



H�--::o !!� 
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XXIII R
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XXVI R
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XXVII Rl 
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XXVII I R1 = 
2, Reactions of Norbornene Oxides 
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Cl 
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CH
2

Cl 

CH
2
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� co
2

cH
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CH
2
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2
ca

3 
0 II 

CH
2

0CCH
3

, R
2 = co

2
cH2 

CH
2

0H, R
2 

� co2H 

5 

As might be expec ted, the oxirane ring is highly reactive toward 

acidic reagents. 1 2 
Kwart and Vosbu rgh, and Walborsky and Loncrini, 

reported that acidic hydrolysis , (dilu te sulfuric ac id or formi c acid), 

o f  norbornene oxide, (I) , yielded the 2-�- 7-syn-norbornane dio l, (XXIX) 

obvious ly the result of a Wagne r-Meetwein rearrangemen t as depicted in 

equation (2) . 

(I) 

H a® 3 ) W.M.� r;U� (i)(h 
HO 

� 
H

2
0 I � (2) 

HO 

(XXIX) 
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6 
Crandall, howeve r, has shewn th is hydrolysis produc t  to be a 

mixture of fou r  isomeric norbornane d�ols- He reacted norbornene oxide 

r· 
wi th aqueous perchloric acid and de termined the produc t dis tribu tion to 

be 74% (XXIX), 22% of the anti isomer of (XXIX), (XXX), and 4% of a 

mixtu re of 2 ,6 and 2 ,5 diols, (XXXI) and XXXII)o ct5H � aqueous) 0� � HC104 

(XXIX) (XXX) (XXXI) (XXXII) 
(3) 

The reac tion of norbornene oxi.de with concen trated mineral acid 

g�ves di fferen t products. Reaction with 48% hydrob romic acid produced 

a bromohyd rin, (XXXIII), 2-exo-bromo-7-syn-norbornanol, according to  

Walborsky and Loncrini ,
16 and Wi.ns tein and Stafford.

17 The lat ter  team 

u tilized the dehydrohalogenation of this compound to ob tain the then h igh­

ly desir.a.hle 7"�-norborne:.tyl tn;�yla.te, ('XXXV). Bartlett and Giddings13 

HBr � 

(I) 

�OH �OH ·· ' �Br-HBl)� � 
(XXXIII) (XXXIV) 

�OTs 

� (4) 

(XXXV) 
affected an analogous reaction wi th thei r  benzonorbornene oxide, (XIX), 

9 and Shahak, Hano r ,  and Be rgmann report�ci a fluorohyd rin as being the 

product of the reaction of hydrofluoric acid with their 5-endo-�thyl 

n orbornene oxide, but no structural e lucidation was at tempted . 

The redu ction of norbornene oxides with metal hyd rides , principally 

lith1um aluminum hyd ride, LiAlH4, has been often d�scussed, Ordinary 

5 hydride reduction in e the r goes very slowly, 1 f  at all, and more polar 
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and higher boi lin g solven ts are needed , such as te trahydrofuran , {THF) ,
5'18 

1 5 18 N-e thylmorpholine , (NEM) , ' or THF-d iglyme. In their pioneering paper , 

1 Walbarsky and loncrini reported only �-norbornanol , (XXXIV) , as the 

produc t of LiAlH
4 

reduction of norbornene oxide in NEM. However , Kwart 

5 and Takeshi ta reported three isomeric norbornanols resu lting from such a 

reduc tion in ei ther THF , or NEM solution. The products were iden tified 

as 2-�-norbornanol,  (XXXIV) , 7-norbornanol (XXXV) , and 2-endo-norbornanol, 

cf:LH cfiH 

(XXXIV) (XXXV) (XXXVI) 

(XXXVI) . 5 Kwart and Takeshita reported ly isolated pure exo-norbornene oxide 

and obtained exo- and 7-norbornanol alone from i ts reduc tion . Hence , the 

endo-norbornanol is a product of reduction of the end o-oxide , (III) . Yoon 

18 and Brown , on the other hand , observed 100 % exo-norbornanol to be obtained 

by LiAlH4 reduc tion wi th THF or THF-diglyme solvent .  

Other reductions have been affe cted wi th norbornene oxide ; among 

6 
them are lithium die thylamide to yield nor tricyclenol , (VIII) , and sodium-

5 18 e thanol to give exclusive ly exo-norbornanol , (XXXIV), Yoon and Brown 

observed tha t ,  un like other epoxides , reduction of norbornene oxide with 

aluminum hydride , AlH
3 , gave a mixture of poducts , namely ,  �- , endo.;, 

and 7-norbornanol , (XXXIV) , (XXXVI) , and (XXXV) , respective ly . 

The reductions of substi tuted norbornene oxides have not been s tudied 

so closely . Soloway and Cristol3 remarked that an exo-norbornanol was 

obt a1ned from (XVIII) , and Henbes t and Nicholls reported the same for 

(VIII) and (X).8 Gassman and Marsha1111 revealed that  reduction of their 
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epoxide , (XIV) , with LiAlH4 in THF with twelve days reflux gave 100% !!£ 
product . Bartlett and Giddings 13 on the other hand demonstrated the 

LiAlB4 reduction of benzonorbornene oxide , (XIX) , in ether gave exclusive­

ly the 7-norbornanol, the hydroxyl being oriented �· to the aryl ring, 

proving a s ingle Wagner-Meerwein shift had oc cured, equation (5) .  

3 .  S pectra of Norbornene Oxides 

e±> e ---(LiAlH ) b 4 ) 

S pectroscopically , the norbornene oxides are rather simple to 

identify. 

(5) 

A characteristic absorption in the infrared, (ir) , has been Teported 

12 at . ll. 8 4  -oll. 85 �· 
I n  t he nuclear magnetic resonance spectrum, (nmr), the 2-� 'nd 

3-endo protons are c haracteristicall y  the most downfield:of al l. The 7 -

!DS1 proton is $hifted far upfield while t he 7-� proton is s hifted down-

fie ld b y  a les ser amount, rel ative to norbornane . I n  reference to t he 

same standard , t he 1 and 4 pro tons are also shifted do wnfield b y  virtue 

ol t he inductive e lectron wit hdrawal of the oxirane ri ng .  In Table I 

are listed some chemical shift data for norbornan�, norbornene , (II ) , · 

norbornene o xide,  (I ), selected derivatives of t he above, and two azo 

epoxides. 



TABLE I 

SELECTED NUCLEAR MAGNETIC RESONANCE D ATA 

Compound 

dJ3 

2 

d): l 2 

c!f:p 1 
2 

~ -H 
1 2 

� 1 
N-S 02 (6 

2 ©4)8

3 

2 

©J1jpo 
N-H 

Solvent 

CCl 4 
CCl 4 
CDC13 
CC14 

CC1 4 
CCl4 
CC14 

C6H6 
CDC13 
CC14 

CC1 4 

C6H6 

CDC13 CC14 

CDC13 
CC14 

CC1 4 

Chemical Shift2  o 
H2 ,H3 Hl ,H4 H7s 'H7a 

2 .20 1.21 
2 .19 1.26 
2 .20 1.20 

1.18 (endo) 2.20 1.21 1.49 (exo) 

5 .93 2.83 1. 32 , 1.07  
5 .9 4  2.78 
5 .95 2 .83 1 . 32 , 1 . 0 7  

2.70 2.13 1. 4 4 , 0. 43 
3.16 2 . 4 4 1. 35 , 0 .  70 

2.41 1.27 , 0 .58 

2 . 29 1 .17 , 0.53 

2.8 4  1 .9 7  1 .  38 , 0 . 30 

3.35 1 .  73 ,  1. 48 
3.30 1 .  7 3 , 1.48 

3.36 3.36 1 .49 , 1.97 
3 . 31 1 .47 , 1.93 

3 . 18 1 .27 , 1.9 3  

9 

Reference 

20 
21 
22 

23 , 2 4  

19 
21 

23 , 24 

25 
22 
19 

19 

25 

22  
19 

22 
19 

19 
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It would appear that no mass spectral data has been determined for 

norbornene oxide itself,  although some work has been reported on the 

mass spectra of various norbo rnanes and norbornanols . 26, 27 , 28 Long26 

has recorded t he mass spectra of twenty norbornyl derivatives , seventeen 

of them aryl norbornanols . 
27 

Goto, Tatematsu·, et al. have attempted 

to classify various bicyclo -[2 ,2 , 1]-heptane and bicyclo-[2 , 2 , 2 ]-octane 

derivatives into groups , the members of which undergo , more or less , a 

predictable mass spectral decomposition. 

B .  Introduction to the Problem 

1. Chemical . Reactions of Norbornene Oxide 

Norbornene oxide ( I) has been known since ·l95 4  and several of its 

chemical reactions have been discussed in the .historical section of this 

chapter. In view of the invaluable synthetic importance of the 

Grignard reaction it seems rather surprising that no reactions of nor-

bornane oxide , or any of its derivatives , have been reported to date. 

The reaction of a Grignard reagent with ethylene oxide is by now of 

2 4  
textbook importance as a means of  preparation o f  B-substitued ethanols , 

eq uation (6) , and examples of reactions with othe� epoxides to give up 

to ftve different products have been known for some time . 30 

(6) 

Examples of the reaction of Grignard reagents with propylene 

31 . 32 oxide , and s tyrene oxide to yield mixtures of products , by virtue 

of rearrangement o f  the epoxide skeleton, have appeared in the recent 



literature , .as shown · in equations (7)  and (8). 

Ph-C : C-MgBr + CH -CHCH + Ph-C -
'\2 / 3 

0 

C -CH2 -THCH3 
+ PhC 

OH 

11 

(7) 

It was seen as a dis tinct possibility , therefore , that the reaction 

of norb ornene oxide with various Grignard reagents might provide an 

interes ting comparison with the above as we ll as serve as an interesting, 

perhaps usefu� synthetic route to various substituted norbornanols . 



CH APTER II 

D ISCUSS ION OF RESULTS 

A. React ions of Norbornene Oxide , ( I) 

1 .  LiAlH4 Reduct ion of ( I) 
---

As ment ioned in the introduct ion, page 6, the react ion of norbornene 

oxide with lith ium aluminum hydride in ether proceeded rather slowly and 

a comparatively higher boiling solvent such as THF was needed . It was 

also ment ioned that a cert ain degree of confus ion existed regarding 

product compos it ion . 

The reduct ion of ( I) was therefore repeated, util iz ing a 5 : 1  molar 

ratio of LiAlH4 to epoxide in boiling THF for forty hours . The product 

of this reac t ion was proven to be a mixture of 2-�- and 7-norbornanol, 

(XXXIV) and (XXXV) . Product identificat ion was made on the bas is of the 

nmr spectrum of the mixture , as the spectra of both compounds have been 

33 reported . Identificat ion of both components was made on the bas is of 

the carbinol tert iary C-H absorption of each . 

2 .  The Act ion of Grignard Reagents with ill 
a .  Phenylmagnes ium bromide . An ethereal solut ion o f  ( I) was 

added dropwise to an ethereal solution o -f excess phenylmagnes ium 

bromide . Upon refluxing , cooling, hydrolys is with pure water (no acidic 

reagents such as dilute hydrochloric acid or ammonium chloride solution 

were used in view of the ease of re arrangement of norbornyl skeleton) 

and cus tomary workup , a yellow oil was obtained , the glc of which 

12 
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indicated a binary mix ture with one componen t much more volatile than 

the other, The nmr spectrum of the crude oil p roduct revea led that two 

7-norbornanols had been formed ,  one was ole fin ic , and the other a phenyl 

norbornanol . By means of cooling in a dry ice-acetone bath a small  

amoun t of  solid mate rial was ob tained .  This material proved t o  be a 

phenylnorbornanol , with the hydroxyl in the 7-position . I t  was felt 

that the hydroxyl was on the � s ide of the 7-position because o f  the 

appearance of the aryl proton absorption in the nmr. Whe reas all the 

3-phenyl-2-norbornanols and 7-syn-phenyl-2 -�-norbornanol ,  (XXXVII) , 

33 3 4  are known to display s ingle ts in the aryl proton spectrum, ' this 

compound displayed a rather highly complex m ultiple t  in that region · 

(7 . 19 o). The benzylic proton absorbed at 2.89 o as a distorted 

triple t ,  typical in shift of an endo proton attached to the same carbon 

as a phenyl group . The analogous p roton in 3-�-phenyl-2-�-norbornano l ,  

3 4 (XXXVIII) , absorbs at 2.83 o as two double t pairs. ' 

(XXXVII) 

�Ph 

� OH 

(XXXVIII) 

The unusual multiplici ty of the aryl pro ton absorption indicates 

that the hydroxyl might be of the syn orien tation . However , in an 

expande d  ir spectrum ,  only the free hydroxyl sLre tching was observed at 

3 623 cm-1, as compared to 359 1 cm-1 for (XXXVII) .34 This means l i ttle 

or no intramole cular hydrogen-pi cloud bonding is taking place . Hence , 

the aryl rin g  must be twis ted on edge with respect to the hydroxyl and 
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the mu lt iplicity due to the nonequivalence of the ary l protons brought 

about by the proximity of the hydroxyl group to $ome of the protons. 

The tosy late of the pheny l norbornanol was prepared and the nmr 

spectrum of thi s  derivative revealed a value of 0.34 o for the �o between 

the A and B absorption s of the AAvBB' sy stem for the tosy l ring protons. 

This is to be compared to a value of 0.23 o for the tosylate of (XXXVII}, 

and o,:so o for the tosylate of 3�� -phenyl -2 -endo-norbornanol. 34 This 

too lends evidence that the ary l ring i s  on an edge to edge p lane with 

the hydroxyl. 

In view of the above data, the phenyl norbornanol is a ssigned 

structure (XXXIX}, 2-��phenyl- 7-!Ia·norbornanol, the nmr data of which 

are conden sed in Table II� 

cO: 
(XXXIX} 

The assignment of the hydroxyl group to the 7-position wa s further 

proven by chemical means. A ketone was obtained upon Sarett oxidation 

(Cr03-pyridine). Three stretching vibration s attributabl e  to a carbonyl 

1 1 -1 . group were observed, 1834 em· (m), 1 7 71 em- ( s) , and 1 740 em �w). 

These values are highly consi stent with thos e reported for variou s 7-

1 1  35 
norbornanones. ' 

Lithium a luminum hydride reduction of t:his ketone produced the 

original norbornanol , (XXXIX} , exclusively. This is analogous to the 

reduction of the ketone derivative of (XXXVII} , which yields exclu sively 

the parent alcoho1.33 



TABLE II 

NUCLFAR MAGNETIC RESONANCE DATA FOR 2-EXO­
PHE NYL-7-SYN- NORBORNANOL, (XXXIX) a---

Proton Assignment Chemical Shift , 0 Multiplicity 

Aryl 7.19 Complex 

2-endo 2.89 Triplet 

7-anti 3.9 3 Broad Singlet 

1 2,.41 Broad Singlet 

4 -2 . 19 Broad Singl;.et 

3, 5, 6 -,!;?r;:?., au do -1 . 18-2 . 02 Comp lex 

a Ca. 15 % (w/v) cc14 (60 MHz). 

15 
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Gentle distillation of the filtrate obtained during the isolation 

of (XXXIX) yielded a volatile , liquido us material which solidified into a 

clear glassy mass upon cooling, mp 79-aocc. Infrared analysis indicated 

a norbornanol , but no aryl substitution, while the nmr spectrum indicated 

a 7-nor bornenol .  The preparation of the to sylate resulted in a white 

crystalline material of mp 66-67 cC, comparable to the value given by 

17 Winstein and S tafford for 7 -syn-no rbornenyl tosylate,  mp 67 -68°C . 

The reaction was performed under three d ifferent concentration 

condit ions. As may be expected in a reaction in which more than one 

p roduct is obtained,  each p resumably by a different mechanist ic scheme , 

altering the molar ratio of Grignard reagent to subst rate (oxide) led to 

different pro duct dist ributions. The result s of this experiment are 

shown in Table III. The best overall yield to be achieved for the reaction 

was 95%. The course of the reaction is summarized in eq uation (9 ), and 

the reaction is  mechanistically o utlined in equation (10 ) . 

cf:p + PhMgBr 

( I) 

cf::p + PhMgBr 

+ 

(XXXIX) (XXXX) 

0 � 0-MgPh�r 'P 
0 Brfu?gfg 

� - . (±) 

(9) 

(10)  



Molar Ratio of 
PhMgBr : ( I) 

1.5:1. 0 

3.0:1.0 

1. 2:1.0 

TABLE III 

PRODUCT DISTRIBUTION DATA FOR 
PhMgBr + NORBORNENE OXIDEa 

%M 
XXXIX 

25 

12 

22 

%M 
xxxx 

75 

88 

78 

a Product  distribution determined by means of quantitative glc . chroma-

17 

tography. The column packing , dimensions and other experimental details 
are di sc ussed in th e experimental_section . 



0 

Ph�� ®'[_,ZJ ) (XXXI V) 

Ph�:���
----7 

Br� 
�� ) PhH + /LL_J -H

-
20

-)-+ (XXXX) 
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b. Ortho-tolylmagnesium bromide �£!!!-tolylmagnesium bromide. 

These two reactions were performed and a product analysis made for each 

as in the case of the phenyl reagent. By virtue of the analogy with the 

phenyl addition product, the aryl norbornanols formed, 2-!!2-(2-methyl-

phenyl) -7-syn-norbornanol, ( XXXXI) , and 2-!!2-(4-methylphenyl)- 7-syn-

norbornanol, {XXXXII) , were readily identified by virtue of their nmr 

spectra. 

XXXXI Rl = CH3, R2 = H 

XXXXII Rl = H, R2 = CH3 

The reaction of (I) with the ortho Grignard gave a product 

distribution of 85% (XXXX) and 15% of the aryl norbornanol, ( XXXXI) , 

while that of the para organometallic gave 76% (XXXX)� and 24% of the 

aryl addition compound, (XXXXII) . The infrared spectrum gave� value 

-1 of 3624 em for the free hydroxyl stretch of ( XXXXII) , compared to 

a value of 3621 cm-l for (XXXXI) . The optimum yield for the reaction 

with the ortho-tolyl Grignard was 83%. The reaction of the para-tolyl 

Grignard was done but once, a total yield of 40% being realized. 
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c. Methylmagnesium ��· The reaction of an alkyl magnesium 

halide with norbornene oxide leads to results somewhat different than 

with the aryl organometallic reagent. In eight out of the nine determ­

inations of this reaction three products were formed, the 7-�­

norbornenol, (XXXX), and two other somewhat less volatile compounds. 

Removal of the unsaturated norbornanol by gentle distillation left a 

viscous residue which was shown by ir, nmr, and glc to be a binary 

mixture of substituted norbornanols. Various attempts at separation 

such as distillation, selective crystallization, column chromatography, 

and derivative formation, failed. The two components were finally 

separated satisfactorily by preparative glc. The two components were 

quite different in their physical appearance, one being a white crys­

talline solid, mp 150-15l°C, with a surprising volatility in view of 

its melting point, and the other an oil which solidified into a trans­

parent glass upon standing. 

The two compcunds were shown to be isomeric methyl norbornanols 

by their mass spectra, parent ion of m/e 126. 

The nmr spectra of the two compounds are quite different yet 

they both are believed to be 7-norbornanols due to the chemical shifts 

of the carbinol hydrogens which absorb at 3. 90 o and 3. 93 o ,  respect­

ively, for the solid and the oil. If the two isomers were analogs of 

the aryl addition products, i. e. 7-syn- and 7-arnti-2-�-methyl norborn­

anols, one would expect to see an intense upfield doublet due to the 

methyl absorption, yet this is not the case. One might conclude then 

that perhaps the two isomers are those with the methyl group substituted 
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on the bridgehead position, (C7) �  These structuresmay be discounted due 

to the lack of strong methyl singlets in the spectrum. 

The apparent absence of methyl doublets in the nmr spectra may b e· 

rationali zed by c9nc luding'that the methy l absorptions are c lose in chemical 

shift to those of the �p rotons and first order analysis is inapplicab le. 

Therefore the products of the reaction are assigned the structures 

(XXXX), th� unsaturated norbornanol ,  (L) , and (LI) , 2-�-methyl-7-�-

and anti- norbornanol , respectively . 

The above three products can be mechanistically justified by 

virtue of the Schlenk equilibrium36 as shown in equations (11) , (12) , 

and (13) . 

cf:p > 
(I) 

) 

(11) 

@ ct:rl 0 -!:� I � HJ1Cb (t) � 
(L) 

76 
H20 ) 

) 

( 12) 

HzO < 26 H3C 

(XXXX) 

CH3-MgCH3 ,/' or � (LI) : (13) � CH3 -Mgi 
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In this reaction, as with the phenyl reagent, it was found that 

the product distribution is highly dependent upon such conditions as 

reaction time, volume of solvent, concentration ratios, etc. Rather 

wide ranging values for the product distribution were obtained for dif-

ferent runs in which attempts were made to hold all variables constant. 

A typical run and product distribution are described in the experiment-

al section. Total yields were between 75 and 80%. 

In one of the nine runs performed for the above reaction, a 

white ligroin insoluble solid, mp 72-73.5°C, was obtained. 

Ir and nmr analyses indicated a 7-norbornanol (c7 proton, 4.17 o). 

An anomalous single proton absorption (3.89 o ,  quartet of doublets, 

J's = 1.2, 4. 2, and 7.8 H z) was observed in the nmr spectrum. It was 

reasoned such a downfield peak was probably due to a proton which shared 

a carbon atom with a halogen, in this case, iodine, since the compound 

6'. matched none of the known norbornane d1ols. In the infrared spectrum, 

-1 two hydroxyl stretches were observed, 3620 em (free hydroxyl stretch) , 

-1 -1 and 35'74 em • The peak at 3574 em did not shift upon dilution show-

ing it to be intramolecularly hydrogen bound rather than intermolecu-

37 larly. 

Shaking a small amount of the compound with alcoholic silver 

nitrate solution produced a copious yellow precipitate, and a sodium 

fusion test for halogen was positive. Dehydroiodination by refluxing 

with pyridine led to a mixture of a diol and 7-syn-norbornenol, (XXXX). 
The structure of the compound is therefore 2-�-iodo-7-�-norbornanol, 

(LII).  
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Assuming that first order analysis is valid, and it rarely is 

33 38 for an ABX system, ' the large (7 .8 Hz) coupling of the downfield 

22 

quartet may then be assigned to that of the 2-� and 3-endo protons, 

while the 4.2 H z and 1.2 H �  couplings may be due to the 2-endo, 3-exo 

38 and 2-endo, 7-anti interactions, respectively. 

The isolation of the iodonorbornanol lends further evidence 

to mechanisms (12) and (13) ,  as shown in equation (14) . 

(14) 

(L!I) 

Assignment of isomeric structures to the two methyl norbornanols 

presented an intriguing problem. As mentioned, the methyl protons do 

not appear as the expected intense doublets due to n�z1-first order 

character of the spectrum. If the tw-.:1 norhornanols are isomeric 

2-�-methyl-7-norbornartol one would expect �a.si.c differences in the 

downfield porti.ons of 'tpe upfield complex multiplets of the nmr 

spectra d!Je to the electronic. deshielding influence of the hydroxyl 

·group on the �-protons §.Ill to it. It has been observed by 
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39 Snyder and Franzus that a 7-s yn hydroxyl deshields an �p roton by 

0.08 o. In the s yn-norbornanol (L) one woul d expect t o  see one p roton 

deshielded while in the ant i  isomer (LI) two prot ons would be deshielded. 

However, the effect of the 2-exo-methyl group must be taken int o  con-

33 40 si deration. Mush er and Eli el have commented on the shi elding effect 

of a meth yl substituent on an adjacent prot on .  In the syn isomer the 

deshielding effect of th e hydroxyl group may be partially or t ot ally 

compensated by the shielding of the methyl. In Figure 1 the above 

effects are summarized. 

Th e nmr spect rum of the solid is omer showed a downfield, broad 

singlet cent ered at 1.89 o which int egrated for four p rotons, while 

th e sp ectrum of the oil sh owed a one prot on broad singlet at 1 . 9 7  o .  

The four proton singlet may be assigned t o  two exo protons and the two 

bri dgeh ead p rotons, and the one prot on singlet t o  a bridgehead p rot on , 

23 24 charact eris tically somewhat downfield.  ' The nmr spectrum of 7 -

norbornanol is  charact erized by a broad singlet at 1 .90 o ,  very 

analogous t o  that of the solid compound. Thi s  evidence suggest ed 

rather c onvincingly that the solid isomer was of the ant i  orientation ,  

(LI, 2 -�-methyl -7-anti-norbornanol) , while the oil was of the� 

orientation ,  (1, 2 -�-methyl-7-s yn-norbornanol) .  

This t entative assignment was confi rmed by examinati on of the 

nmr dilution curves of the two compounds as compared to that of 2 -exo-

cyclohexyl-7 -syn-norbornanol , prepared by the catal ytic h ydrogenation 

of the phenyl analog, ( XXXIX). Two of the dilution curves were similar, 

those of the cyclohexyl compom�d (chemical shift at infinite dilut ion� 



SYN ISOMER, (L) 

One exo proton deshielded 
and at the same time shielded by 
the methyl group. 

24 

ANTI ISOMER, (LI) 

Two exo protons deshielded 
and unaffected by the methyl group. 

Figure 1 .  Deshielding effects of the hydroxyl group and shield­
ing effects of the methyl group upon adjacent protons. 



0 .88 , limit ing slop e� 0. 324 of%.� and t he liqui d cdmpound {chemical 

shift at �nfiDite clilution, 0.87 o, limiting slope 0. 269 0/"/o"M). T he 

25 

dilution curve of t he solid is omer was markedly different in s hape wit h  

a limiting s lope o f  0. 500 o/% M an d  �� infinite dilution chemical�s hi ft 

of_0.81 o. 
The dilution data for the three compounds are presented in 

Tables IV, V, and VI, and the dilut ion curves are shown in 

Figures 2, 3, and 4.  The limiting slop e  was calculate d  from 

the second linear portion of the curve and the change t hat this s lope 

26 41 represents is attributed to monomer-dimer equilib ria. ' The value 

for t he chemical shift at infinite dilut ion was obtained by extrapo-

lation of the second linear line to infinite dilution, ( O. O%·m) , and 

� 26 may be cons idered the shift of the pun!monomeric spe cies . 

The differences in l imit ing slope values are gratify�ng . While 

the two � isomers are numerically close , (0 . 324 vs 0 . 269 ) , the anti 

isomer has a much larger slope value of 0 . 500 . One would expect on 

the bas is �f Oulette's find ing , 41 the s yn-norbornanols to exhibit 

much smaller limit ing slope values than the � isomers . Oulette 

found that 1-methyl-7-s yn-methyl- 2-�-norbornanol displaye � a limiting 

slope of 0 . 116 while 1-methyl-2- �norbo rnanol (the s yn substituent 

absent) had a value of 0.260 . 

B .  The Mass Spectra of Some Norbornanols 

The mas s spectra of six 7-norbornanols have been recorded .  Each 

mass spectrum is presented in tabular form. Only peaks of  greater than 



TABLE IV 

NMR DILUTION DATA FOR 2-EXO-CYCLOHEXYL-
7-SYN-NORBORNANOL 

Concentration, 
Mole %a 

11 . 71 
9 . 15 
7 .  9 7  
6. 84 
6. 18 
5. 70 
5.16 
4. 72  
4 . 24 
3 . 88 
3 . 53 
3 . 39 
3.09 
2.93 
2 . 68 
2 . 56 
2.41 
2 . 29 
2 . 16 
2 . 03 
1.  79 
1.39 
1 . 26 
1 . 15 
1 . 0 5  
0.969 
0 . 89 5  
0.823 
o. 745 
0 . 694 
0 . 633 
0 . 582 
0 . 516 
0 . 464 
0 . 419 

a cc14 solution. 

Hydroxyl Ch�mical 
shift, oh 

3 . 10 
2 . 96 
2 . 73 
2 . 55 
2 . 42 
2 . 36 
2 . 22 
2.15 
2 . 0 3  
1 . 96 
1 . 88 
1 . 83 
1 .  73  
1.71  
1 . 63 
1 . 61 
1 .57 
1 . 50 
1 . 47 
1 . 40 
1.35 
1 .  23 
1 . 18 
1 . 17 
1 . 14 
1 . 13 
1 . 12 
1 . 11 
1.0 7  
1 . 0 5  
1 . 0 5  
1.03 
1.02 
1.02 
1 . 01 

b Chemical shift measured vs TMS in-
ternal standard at probe temperature at 60 
MHz . 
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TABLE V 

NMR DILUTION DATA FOR 2-EXO-METHYL-7-
SYN-NORBORNANOL (LIQUID) 

Concentration , 
Mole %a 

8.31 
7.26 
6.80 
6.25 
5.75 
5.25 
4.82 
4.39 
4.04 
3.75 
3.48 
3.22 
2.95 
2. 72 
2.52 
2.37 
2.21 
2.03 
1.93 
1. 76 
1.59 
1.38 
1.08 
0 .985 
o. 799 
0 .727 
0.639 
0.479 
0.447 

Hydroxyl Chegdcal 
Shift, o 

2.85 
2. 72 
2.64 
2.55 
2.43 
2.33 
2.24 
2.14 
2.05 
1.95 
1 .88 
1.81 
L72 
1.66 
1.60 
1.54 
1.48 
1 .43 
1.42 
1.38 
1.32 
1.25 
1.20 
1.16 
1.11 
1.08 
1.07 
1.05 
1.04 

a 
cc14 solution. 

bChemical shift measured vs TMS 
in ternal s tandard at probe temperature 
at 60 MHz. 
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Concentration, 
Mole %a 

11 .3  
10 .6 
10 . 1  
8 .6 4  
8 .2 7  
7 "96 
7 . 59 
., . 18 
6 .8 5  
6 . 72 
6 . 41 
6 .05  
5 . 76 
5 .46 
5 . 15 
4 ,88 
4 .6 4  
4 .39 
4 . 11 
3 .  93 
3 .6 1  

TABLE VI 

NMR DILUTION DATA FOR 2-EXO-METHYL-7-
ANT!-NORBORNANOL (SOLID) 

Hydroxyl Chemical Concentration, 
shif t ,  ab Mole %a 

3 .  7 7  3 . 38 
3 . 75  3 . 15 
3 .69 2 .9 1  
3 . 6 3 2 .  70 
3 . 60 2 . 51 
3 . .52 2 .33 
3 .4 7  2 .21  
3 . 41 2 .06 
3 .3 7 1 .97 
3 . 33 1 .84 
3 .29 1 .69 
3 . 23 1 . 55 
3 . 1 8 1 .43 
3 .09 1 .  32 
3 .03 1 20 
2 .9 7  1 .06 
2 .  9 1  0 .94 1 
2 .80 0 .84 5 
2 . 74 0 . 762 
2 .  7 1  0 .69 5 
2 . 58 

a cc14 solution.  
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Hydroxyl Chemical 
shift , ab 

2 .49 
2 .38 
2 .32 
2 .25  
2 . 18 
2 . 10 
2 .03 
1 .93 
1 .88 
1 .81  
1 .  73 
1 .6 5  
1 . 58 
1 . 51 
1 . 46 
1 .37 
1 .28 
1 .23 
1 . 18 
1 . 17 

b Chemical shift measured vs TMS internal s tandard at p robe 
temperature at 60 MHz . 
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3. 5 

3.0 
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0 .0 
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Concen tration , Mole % 
Figure 2. Dilution cuxve for 2-�cyclohexyl-7-syn-norbornanol. 
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Figure 3 .  Dilution curve for 2-�-me thyl-7-syn-n orbornanol . 
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Figure 4 .  Dilution curve for 2-�-me thyl-7-anti-norbornanol . 
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five per cent abundance are listed except those of the parent ions which 

are reported if observab le .  

Limited in terpretations are forwarded for 2-�-phenyl-7-syn­

norbornanol, Table VII , F igure 5 ,  2-�-cyclohexyl-7-syn-norbornanol , 

Table VIII , Figure 6 ,  2 -�-me thyl-7-syn- and anti-norbornanols , 

Tables IX and X ,  Figures 7 and 8 ,  respectively , and 7-norbornanol, Table 

XI , Figure 9 ,  and 7-syn-norbornanol , Table XII , F igure 10 . 



m/e 

189 (P + 1) 
188 {P) 
187 
171 
169 
156 
155 
145 
144 
143 
14 2 
134 
133 
132 
131 
130 
129 
128 
127 
121 
120 
119 
118 
117 
116 
115 
109 
108 
107 
106 
105 

TABLE VII 

MASS SPECTRUM OF 2-EXO-PHENYL-
7-SYN-NORBORNANOL 

% Abundance m/e 

14 .0 1 104 
96 .50 103 

7 .30 10 2 
15 ,33 97 
10 .95  96 
7 .30 93 

18 . 25 9 2  
6.93 91 (Base) 

12. 26 89 
12 . 26 84 
21 . 75 83 
7. 23 8 2  

21.68 81 
7 .66 80 

22 .63 79 
14 .60 78 
40 . 73 77 
21 .53 7 1  
8 . 18 70  
6. 57 69 

20.44 67 
10 .80 66 
28 .6 1 65 
94.8 2 63 
18 .98 57 
46.35 55 

5 .55 54 
5 2 .9 2  53 
90.5 1 5 2 
10.07 51 
53. 28 so 
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% Abun dance 

89. 20 
20 .36 
6.93 
9.64 
5.47 
6.4 2 

29 .34 
100 . 00 

6.64 
4 2 .55 
23.94 
1 0 .5 1  
18.98 
6.57 

44.53 
23 . 43 
36 .50 

8 . 03 
16 .20 

5 .  77 
29. 20 
21 .17 
17 .59 

8.6 1 
2 0 .3 6  
25.55 
5 . 04 

17 .15 
5 .91 

19.34 
5 .18 
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Figure 5 .  Mass spectral degradation o f  2-�-pheny1-7-�­
norbornano1 . 
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m/e 

196 (P + 2)  
195 (P + 1) 
194 (P) 
176 
164 
163 
15 0 
148 
147 
135 
133 
125 
124 
122 
12 1 
112 
111 
110 
109 
108 
107 
lOS 

98 
97 
96 
95 
94 
93 
92 
9 1  

TABLE VIII 

MASS SPECTRUM OF 2-EXO-CYCLOHEXYL-
7-SYN�NORBORNANOL 

% Abundance m/e 

0.65 84 
6 . 01 83 

34.48 82 
11 . 74 8 1  
8 .4 1  8 0  

59 . 18 79 
5. 07 78 

11.9 3 77 
5 .92 71 
6 . 11 70  
6. 11 69 
9.5 1 68 
5. 17 67  
8. 16 66 
5 .97  65 
8 , 73 57  

29 . 09 56 
10.99 55 
22.09 5 4  
11.08 53 

7 . 12 5 1  
5.92 43 
5 .50 42 

12.68 4 1  (Base) 
10.71 40 
29 .33 39 
28.79 3 1  
37 .58 29 
10.24 28 
17 . 73 27 
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% Abundance 

7.56 
37.58 
20.6 1 
62 .94 
35.30 
36.12 

7.5 1 
19.09 
8.22 

45.9 1 
18.33 
13.45 
82.67 
28.33 

9.2 1 
37.58 

8.08 
77.76 
23.33 
22. 12 

5.45 
19.39 
9. 16 

100.00 
6.20 

34.55 
10.99 
38 .79 
2 1.52 
29.55 
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Figure 6 .  Mass spectral degradation of 2-�- cyclohexyl- 7-syn­
norbo rnano l .  
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m/e 

128 (P + 2 )  
127 (P + 1 )  
126 (P) 
111 
109 
108 

9 8  
9 7  
96 
9 5  
94 
9 3  
91 
85 
84 
83 
82 
81 
80 
79 
7 8  
77 
71 

TABLE IX 

MASS SPECTRUM OF 2-EXO-METHYL-
7-SYN-NORBORNANOL 

% Abundance m/e 

0 .2 8  7 0  (Base) 
1 . 58 69 

11 .95  68  
15 .42 67 

6 .39 66 
46 .41 6 5  

6. 54 58 
23 . 73 57 

6 .9 4  56 
62.76 55 
11 .30 54 
5 8 .33 53 

9.2 8 52 
6. 81 51 

16 .63 50 
21 .1 5 45 
27.08 44 
19 .21 4 3  
1 5 . 34 42 
3 5 .94 41 

6 .78  4 0  
1 3 .64 39 
3 3 .33 3 8  

39 

% Ab undance 

100 . 00 
27 . 86 
1 8 .97 
58 . 85 
11 . 71 

7 .91 . 
10 .49 
56 .2 5 
14 . 37 
64 . 06 
1 5 .44 
26 . 04 

7 . 7 8  
11 .4 8 

5 . 09 
7 . 02 
7 . 51 

29 . 58 
15 . 58 
71 .61 
10 .66 
60 .49 

5 . 09 



m/e 

126 (P) 
112 
111 
110 

97 
9 5  
94 
93 
91 
84 
83 
82 
81 
80 
79 (Base) 
78  
77 
71 
70 
69 
6 8  

TABLE X 

MASS SPECTRUM OF 2-EXO-METHYL-
7-ANTI-NORBORNANOL 

% Abundance m/e 

0 .46 67 
10.63 66 

3 .17 6 5  
6 .04 58 

11. 83 57 
14 .47 56 
88 o91 55 
10 .47 54 

7 . 81 53 
13 .01 52 
37.77 51 
11 .06 50 
64. 58 4 5  
12 .66 44 

100.00 4 3  
6 .25  42 

14 . 57 41 
17.94 40 
61 .46 39 
16 .47 3 8  
58.53 
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% Abundance 

37.94 
29.97 

8.65 
8. 54 

7 5.52 
19. 83 
4 8.35 
24.19 
28.90 

6.17 
1 3.6 5 

7.49 
5.00 
8.18 

34.27 
1 8.17 
7 3.13 
12. 50 
76.04 

7.59 
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Figure 7 .  Mass spectral degradation of 2-�-methyl-7-syn­
norbornanol. 
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TABLE XI 

MASS SPECTRUM OF 7-NORBORNANOL 

m/e % Abundance m/e % Abundance 

113 (P + 1) 2 .89 58 8 .67 
112 (P) 17 .34 5 7  75 . 14 
111 10 < 11 56 27 . 45 
110 5 .  ;·a 55 56 .64 
108 9 '  39 54 23 .84 
97 23.8 4 53 33 .95 
94 (Base) 100 .00 52 6 .50 
93 20 .23 5 1  26 .73 
9 1  11 .56 50 12 .28 
87 26 .01 49 24 .56 
85 60 .26 48 28 . 17 
84 17 .34 47 66 . 47 
83 87 .42 45 11 .27 
82 15 .89 44 7 .5 1  
8 1  70 .80 43 27 . 16 
80 18 .78 42 16 .6 1 
79 85 .26 41 70 .08 
78 ] .94 40 13 .72 
77 17 . 9 1  39 52 .74 
71 23 .12 38 7 .94 
70 72 .97 37 10 .83 
69 20 .52 36 20 .95 
68 68.20 35 20 .95 
67 38 .29 32 30 .34 
66 28 .03 3 1  24 .56 
65 11 .56 
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Figure 9 .  Mass spectral degradation of 7-norbornanol . 
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TABLE. XII 

MASS SPECTRUM OF 7-SYN-NORBORNENOL 

m/e % Abundance 

111 (P + 1) 6.23 
110 (P) 46.29 
109 11 . 43 

95 34 . 86 
94 8 . 00 
93 9. 71 
92 33.14 
91 38.86 
83 8 � oo 
82 18 . 51 
81 69. 71 
80 16 . 00 
79 (Base) 100.00 
78 20.00 
7 7  37 . 14 
70 9 . 71 
69 9 . 14 
68 13.71 
6 7  37 . 71 
66 19 . 43 
65 13. 71 
57 12 .57  
55 24 . 23 
54 18. 86 
53 16 .57 . 
52 8 . 46 . 
51 16 . 00 
50 9.14 
43 10 .86 
41 34. 06 
40 8.57 
39 42. 29 . 
38 6.29 . . 
31 4 .57 ' � -
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Figure 10 . Mass spectral degradation o f  7-�-norborneno1. 



CHAPTER III 

EXPERIMENTAL 

A. Introduct ion · 

Melting points were determined in soft glass cap;f.llary 

tubes with a Mel-Temp apparatus , and they are presumed to be 

correct to ±1°C.  The routine infrared spectra were recorded on a 

Beckman Model SA infrared spectrometer . The infrared spectra for 

hydrogen bonding were obtained with a Perkin-Elmer Model 2S7 grating 

spectrometer. Ultraviolet spectral data were obtained with a Cary 

Model 14 spectrometer . Nmr spectra were recorded with a Varian A-60 

nmr spectrometer,  calibrated with tetramet hylsilane (TMS) , 0 . 0  Hz vs 

chloroform, 436 . S  Hz . Chemical shifts are reported in ppm, o ,  down-

field from TMS . The mass spectra were obtained with a Hitachi <', 
Perkin-Elmer RMU-6E recording mass spectrometer , (the Universi ty of 

Tennessee , Mr. Bill Peed, operator) , or with Consolidated Electronics 

Corporation 21-10 4 (for volatile samples) , or Consolidated Electronics 

Corporation 21-110 (for non-volatile samples) ,  recording mass spectrom-

eters, (Phillip Morris Researc�· Laboratories , Richmond , Va. , Dr. Paul 

H .  C hen, operator) . Glc analyses were run on a Varian A90-P3 gas 

chromatograph equipped with a 6' x 1/411 20% SE-30 on Chromosorb-W 

column, (typical flow rate 50-7S cc min-l helium, column temperature of 

130-18S°C) or on a Varian A600-D flame ionization detector gas chromate-

graph equipped with a S '  x 1 /8" 3% SE-30 on C hromosorb-W column. Prep-

arative scale glc s eparations were carried out wit h an Aerograp h Autoprep I 
so 
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A-700 gas chromatograph equipped with a . 20 '  x 3/8·" 30% SE-30 on Chromo-

. -1 sorb P column , typical . flow rate 100 cc min he�ium, and column tempera-

ture of .120-l60° C . Microanalyses were carried ou� by Dr . F .  B .  St�aus s ,  

Mi�roanalytical Laboratory , 10 .carlton Road , Oxford, . England, or by 

Gailbra�th Laboratories , Inc . , Knoxville , Tenn . 

Unless otherwise stated, all ether, .. chloroform·, and ligroin . 

solutions were dried over anhydrou& · sodium sulfate prior to solvent 

removal . Ligroin was dis tilled over : potass:ium permangenate and had a 

B .  ·Preparation and Reactions·· of · Norbornene .Oxide 

1 .  P reparation of Norbornene Oxide 

The method of Walborsky and ·Loncrini2 was employed .  47 . 0  g 

(0 . 50 0  mole) uorbornene dissolved in 30 m1 anhydrous chloroform was 

placed in a one liter three neck flask equipped with a magnetic stirrer, 

alcohol thermometer , large dry ice-acetone bath , condenser, and dropping 

funnel . The solution was cooled to -20 ° C  and then there was added through a 

dropping funnel a slurry of 25 g anhydrous sodium acetate and 125 m1 
40% peracetic acid (50 . 0  g ,  0 . 66� mole) .  The temperature was maintained 

below 0°C during the addition and when completed , the mixture was allowed 

to warm up slowly until the reaction· ini.tiated and then was cooled down 

rapidly with addition of dry ice . Then , · the · acetic· acid and ,excess 

peracetic ac.id were n�utralized with 40% sodium· hydroxide solution . the 

resulting mixture was extracted with ca . 500 m1 chloroform, · the extracts 

·- washed with water , and dried • .  The mixture ·was dis tilled , ·  the oxide 

distilling at 150-155 ° C .  Care was taken that the dis tilli�g adaptor 
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did not become clogged at this point . 38 . 6 g (70 . 5%) of pure white 

glassy crystal line material was obtained; mp 125-126°C ,  (li t  mp 125-

2 12��C) . Glc · analysis revealed a single component .  

2 .  LiAlH4 Reduction of Norbornene Oxide 

To 0.50 g (0 . 0045 mole) norbornene oxide in 20 ml THF in a round 

bottomed flask equipped with condense r and magnetic stirrer was added 

carefully 1 . 0  g (0 . 03 mole) lithium aluminum hydride. The mixture 

was heated to reflux and maintained at that tempera�ure for 50 hrs . 

Hydrolysis with saturated sodium sulfate solution , extraction with 

ether , drying , and flash evaporation yielded an oil (0 . 4 0  g) . Nmr 

analysis of the mixture showed it to be a mixture of 2 -�-norbornanol 

(carbinol C-H, 3 . 50 o) and 7-norbornanol (carbinol C-H , 3 . 60 o).  The 

yield was 80% crude oil . 

3 .  Reaction o f  Phenylmagnesiu� Bromide with Norbornene Oxide 

The Grignard reagent was prepared by placing 2 . 01 g (0 . 0840 

mole) magnesium turnings in a 500 ml round bottomed three neck flask 

equipped with a magnetic s tirrer , a condenser capped .with a calcium 

chloride drying tube , a dropping· funnel, and a heatin·g mantle . To the 

magnesium was added 50 ml sodium dried ethe·r and-:- 2 . 0· ml b romobenzene .  

As s oon as the reaction had initiated· the remainder of the· b romobenzene , 

5 . 2  ml , dissolved in 10 ml dry ether were added· dropwise at a rate . 

sufficient to maintain reflux . The total amount of bromobenzene was 

10 . 7  g (0 . 0700 mole) . Upon addition of the bromobenzene , the flask · 

was equipped with the heating mantie and reflux maintained for three 
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hours . The solut ion was cooled in an lee bath. and 6 . 60 g :  (0 . 0600 mole) 

norbornene oxide were added as a solution in 100 ml dry ether . Reflux 

was initiated and maintained for three more hour8 , Then the solution 

was cooled in ice and hydrolyzed with water . The mixture was s tirred 

overnight ,  the ether layer decanted , and the aqueous. layer diluted and 

extracted with ether . The combined extracts were washed with water , 

and the solvent removed with an aspirator vacuum and gentle heat from 

a warm water bath . This yielded 7 " 19 g yellow oil . Glc analysis 

indicated two produc�s in the ratio of 2 . 13 : 1 . 00 .  

These products were identified as 2-�-phenyl- 7-!I!!,-norbornanol ,  

and 7-syn-norbornenol ,  For the nmr data o f  the phenyl norbornanol ,  see 

-1 -1 -1 -1 the dis cussion , p .  17 , ir , (3623 em , 2900 em , 1155 em , 1065 em , 

-1 -1 748 em , 693 em ) .  The nmr of the 7-syn-norbornenol showed peaks 

at 6 . 07 6 (olefinlc) , 3 . 72 6 (H7 ) , 2 . 69 6 (H1 ,H4 ) ,  0 . 70-1 . 85 6 (H5 , H6) ,  

while the ir showed significant bands at 35 71 , 2930 , 1408 , 1290 , 1150 , 

1132 , and 725 cm-1 . 

The unsaturated norbornanol was isolated from the phenylnorborn-

anol by gentle dis tillation under vacuum. Addition of 60-80° bp 

ligroin to the residue affected crystallization of the phenylnorbornanol . 

The 7-norbornenol , upon glc purification, melted at 79-80°C . The tosy-

late was prepared , it ' s  melting poin t , 66-67°C ,  was comparable to that 

reported for 7-!I!!,-norbornenyl to sy l ate , 6 7 ··�" 8° C . 1 7 Recrystallization 

of the 2-�-phenyl-7-syn-norbornanol from ligroin gave a white powdery 

solid , mp 75-77 ° C . A tosylate of the phenyl-norbornanol was prepared 

42 in the usual manner , and a whi te , crystalline derivative was obtained, 
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In all , 4 . 77 g 7-�-norbornenol and 2 . 34 g 2-�-phenyl-7-�-

norbornanol were obtained,  for an overall yield of 93% . 

�· Calcd . for c13H16o for the phenyl norbornanol :  C ,  82 . 9 4 ;  

H,  8 . 57 .  Found : C ,  83 . 16 ;  H,  8 . 39 • 

. Aali• : Ca�cd . for c20H22so3 for the tosylate of the phenyl 

norbornanol : C ,  70 . 16 ;  H,  6 . 48 .  Found : C ,  69 . 96 ;  H,  6 . 47 .  

4 .  Reaction of g-Tolylmagnesium Bromide � Norbornene Oxide 

The Grignard reagent was prepared in the same manner as with the 

phenyl reagent with 27 . 4  g (19 . 7  ml , 0 . 160 mole) �-bromotoluene and 4 . 80 

g (0 . 200 mole) magnesium. The solution was refluxed for two hours and 

then cooled and charged with an ethereal solution of -8 . 80 g (0 . 0800 mol�) 

norbornene oxide in anhydrous ether. The adduct solution was refluxed 

for three hours , cooled , and hydrolyzed. Work up in the usual manner 

yielded 14 . 5  g crude oil . Glc analysis indicated a .mixture of toluene, 

di-�-tolyl, 7-syn-norbornenol , and · 2-,!!2.- (4-methylphenyl)-7-.!I!!_-norborn­

anol . The product distribution was 76% of the unsaturated compound and 

24% of the arylnorbornanol . After distillation , as in the case of the 

phenyl Grignard reaction, 1 . 83 g of the �-tolylnorbornanol was obtained 

as a white solid . Recrystallization ··from· high· boiling ligroin gave a 

mp 70-71°C . Total yield was 44 . 0% .  

-1 Inf;ared data:  3624 (±2 em ) , (CC14') , 2950 , 1150 , 1�75 , and 805 

-1 em (cs2) .  

timE � .  (ca 10% (w/v) CC14) :  7 . 04 o ,  (AA ' BB '  quartet , aryl 

protons ) , 3 . 81 o (H7 ) ,  - 2 . 88 o (distorted triplet , (H2-endo) , 2 . 27 o 
(CH3) ,  2 . 02 o (bridgehead) , 1 . 15 -1 . 88 o (H5 , H6 ) .  



Ar.a l .  Calcd . for C14H1sO: C, 83 . 12 ;  H ,  8 . 9 7 .  Found: C , 8 . 97 ;  

H, 8 . 86 .  

5 .  Reaction � o-Tolylmagnesium Bromide with Norbornene Oxide 

The organometalic reagent was prepared in a manner similar to 
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above utilizing 27 . 4  g ( 19 . 6  ml , 0 . 1 60 mole) �- bromo toluene and 4 . 80 g 

( 0 . 200 mole) magnesium turnings . Upon addition of  al l the bromide and 

a reflux per iod o f  2 . 5 hrs the solution was cooled and 8 . 80 g ( 0 . 0800 

mole)  norborn�ne oxide were added as a solution in ether . The adduct 

so lut io�). was ref l uxed overnight , then cooled and hydrolyzed with water . The 

ether l ayer yas separated and the aqu�ous layer separated and extracted 

f•1r th.:r with e:ther . The combined ether layers were washed with water , 

dried ar..d worked up in the ,lsual manner . This resulted in 1 1 . 16 g crude 

ye l low oil , the glc o f  which revealed t:ob.ene , di-ortho- to lyl , the 7-

syn-no rbornenol ,  and 2-��(2-methylphenyl) - 7 - syr:.-norbornanol .  The 

produc�t distribution was 91 . 41o of the r.orbornenol , and 8 .  6% of the 

arylr.orbornano l .  Gentle distil lation to remove the unsaturated norborn­

anol .u:d tolu.:!ne and coo l ing to remove t�e coupl ing product resul ted 

in the isolation of the arylnorbornanol as a yel low oil . The total 

yield of  the reaction was 66 . 0% .  

Infrared �: 3621 (±2 cm- 1 ) ,  (CCl4) ,  2900 11 1 148 , 1070 , 752 , 

and 7 1 7  cm- l (CS2) .  

Nmr �' (ca 10% (w/v) CC14) : 7 .  22 o (mul t iplE!t , aryl protons) 

3 . 87 o (H7 ) ,  2 . 90 cS (dis tor ted triplet , Hz- endo) , 2 . 29 cS (CH3) .,  2 . 03 o 
{bridgeheads ) , 1 . 08 o- 1 . 88 o (H5 H6) ·  
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A tosy late derlvative was prepared in the usual manneT and upon 

recrysta llization from ether- ligroin a white crysta lli�e so lid , mp 
110- 112� c, was obtained. 

�· Ca lcd. for C21H24S 03 for the tosy late o f  the 2-to lylnor-

bor nano l: c, 70 . 78 ;  H, 6 . 74. Found: C, 70 . 64 ;  H , 6. 7 2 .  

6 .  Reaction � �-Anisylmagnesium Jromide wi th Norbor ne ne 'OKide 

The orga nometaPfc reagent was prepared .in the usua l manner from 

56 . 1  g ( 37. 4 m l, 0 . 300 mo le) �-bromoaniso le and 9 . 60 g (0. 400 mo le) 

mag nesium. Upon refluxing for o ne hour the so lution was coo led a nd 10 . 0  g 
(0 �0990 .mole) norbornene oxide were added as an ethereal so lution . Ref lux 

was initiated and maintained for seven hours and the n the so lution was 

coo led a nd hydro lyzed with water. The ether layer was separated , 

washed, dried and gently disti lled yie lding 5. 44 g o f  7 -!ln-norborneno l. 

The residue resisted a ll at tempts at purification and appeared to be a 

mixture of  two or more anisy l adducts. No fur ther attempt at character-

ization was made . 

7 .  Reactio n £f Methylmagnes ium �odide � Norbornene Oxide 

The Grignard reagent was prepared by the addition of 8 . 70 m l  

( 19 . 6  g ,  0 . 1 40 mo le)  o f  iodomethane disso lved in 40 . 0  ml sodium dried 

ether : to 7 . 25 g (0 . 300 mo le) magnesium turnings in 20 . 0  ml dry ether 

i n  a 500 'ml 3-neck f lask equipped with a magnetic stirrer, condenser 

capped with a ca lcium chlor ide tube , and a heating mant le .  An ice 

bath was used to maintain gentle reflux during this exothermic step . 

Upo n addition, the heating mant le was fitted to· maintain ref lux for 

two hours . Next , this so lution was coo led and 10 . 0  g ( 0 . 09op mole) 
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norbornene oxide were added as a solut ion in ether . Upon addi tion , reflux 

was initiated and maintained for two hours ; then �he solution was cooled 

and hydn,lyzed with cold water . The resul tant mix�ure was allowed to 

s tand until the magnesium salts settled out ,  the e ther layer decanted 

and the aqueous s lurry great ly di luted and extracted twice with 100 ml 

USP £ the r .  The e ther extracts were combined, washed wi th water , and 

dried. Removal of the solvent yielded 7 . 96 g pal e  yel low oil , the 

glc analysis of which reveal ed three products which were identi fied as 

7 ··ELa··norbornenol , and 2 -�-methyl-7-Em. , and anti-norbornanol .  

The produc t dis tribution was found to be rather dependent on several 

fac tors such as �ime and concentration . In this particular determin­

ation the dis tribution was 22 . 8% of  the unsat-..:rated norbornenol ,  35 . 0% 

o f  the anti-norbornanol 11 and 42 . 2% of the syn isomer . In one of the 

nine runs four produc ts w�re observed,  the three mentioned above and a 

white , l igroin insoluble substance ident ified as 2-�- iodo- 7- syn­

norbornanol ,  mp 72- 73 . �cc from 95% ethano l . In this ins tance the 

product dis tribut ion was 29 . 2% of the norbornenol ,  10% of the anti­

norbornano1 , 49 . 2% of  the syn-norbornano1 , and 11 . 5% of the iodo 

compound . 

The unsaturated norbornanol was isolated from the other products 

by gentle distil lation and trapping in a dry ice-acetone bath . The two 

methylnorbornanols resis ted attempts at separation by means such as 

dis til lation , column chromatography , selective crystall ization , and deriva­

tive formation. They were separated utilizing a 20 ' x 3/8 11 30% SE -30 on 

Chromosorb P column with a temperature of 130 °C and a f low rate of  
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helium of 125 cc min- 1 . The 2-�-methylw7 -�-norbornanol was a clear 

glassy solid of low melting point, while the ant i isomer was a white 

crystall ine so l id of mp 150- 151° C (recrys tall ized from l igroin) . The 

iodonorbornano l crys tallized preferential ly out of the crude oil and 

was filtered and washed with l igroin . 

Infrared �: 2-�- iodo- 7-�-norbornanol ,  3620 (v£) , 3574 

(vb) , (CC14) ; 2924 , 1312 , 1221 , 1 145 ,  1124 ,  1075 , 985 , 890 , 845 , 785 , 

and 754 cm
- l (CS2) .  

� �: (ca 10% (w/v) , CC14) :  

( 1 }  2-�- iodo-7- syn-norbornanol , 4 . 1 7  o (H7 ) , 3 . 89 o (doublet 

of quartets , H2-endo), 1 . 00-2 . 85 o (H1 , H3 , H4 , H5 , H6) .  

( 2 )  2-�-methyl-7- syn-norhornanol ,  3 . 92 o (H 7) ,  1 . 97 o (H4) ,  

0 . 9- 1 . 82 o (H1 , H2��, H3 , H5 0 H6) .  

(3)  2-�-methy1 - 7-�- norbornano1 ,  3 . 88 o (H7) ,  1 . 89 o (H1 , 

H4 , H5-�· H6- exo> , 0 · 85- 1 • 70 0 (H2-endo ' H3 , H5-endo ' H6-endo> · - -- --
Anal . Calcd. for c8H14o for 2-!!£-methyl - 7 - syn-norbornanol :  C ,  

7 6 . 14 ; H, 1 1 . 18 .  Found: C ,  75 . 90 ;  H , 1 1 . 05 .  

Calca. for c8H14o for 2-�-methyl-7-anti-norbornano l :  C ,  7 6 . 14 ; 

H , 1 1 . 18 .  Found: C ,  75 . 90 ;  H ,  10 . 92 .  

Calcd . for C7H1 1IO for 2-!!£-iodo-7-syn-norbornanol :  C , 35 . 29 ;  

H , 4 . 62 .  Found: C , 35 . 04 ;  H , 4 . 58 .  

8 .  Reaction � n- Buty11 i thium with Norbornene Oxide 

In a three neck flask equipped with septum, dry nitrogen inlet , 

magnetic s tirrer , .and a · condens er topped wi th a drying tube were 

· placed 2 . 2  g (0 . 020 mole) norbornene oxide and 20 ml dry benzene . By 
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means of an hypodermic syringe 15 . 0  ml of 1 . 6  molar n-butyllithium in 

cyclohexane solution were added dropwise, (0 . 024 mole) . This s tep was 

qui te exothermic ,  and when the reaction had subs ided , reflux was 

initiated and maintained overnight . Next , the solution was cooled , 

the adduct hydrolyzed wi th water, and the resul ting two layers separat-

ed.  The organic extracts were washed with water and dried . Flash 

evaporation of the solvent gave 2 . 0  g (90%) of a whi te oil , the nmr 

analysis o f  which indicated nortricyclenol . 

Nmr data (ca 15% (w/v) CC14) :  4 . 38 o (carbinol H) , 2 . 42 o 

(bridgehead, §.Y-:D. proton) , 1 . 25 - 2 . 16 o (other p rotons) . 

9 .  Catalytic Reduction o f  7-�-Norbornenol 

�he reduction was accomplished utilizing a Parr hydrogenator with 

42 ps i pressure of hydrogen . The norborneno l (0 . 30 g , 0 . 0030 mole) 

was dissolved in 25 ml ethylacetate and 0 . 01 g platinum oxide (89 . 01%) 

catalys t added . This mixture was shaken for one hour, fi l tered, and 

the solvent removed by flash evaporation . No olefinic absorption was 

observed in the �r , and the parent peak in the mass spectrum was at 

m/e 112  for 7-norbornanol . The yield was 94%. 

-Nmr _data (ca 10% (w/v) CC14) :  3 . 89 o (H7
) ,  1 . 90 o (H 2-�· 

H3-_exo • H1· , H4) ,  0 . 70 o - 1 . 73 0 (H2 d , H
3 d 

, H
5

, H
6) .  -£!LQ. -£!LQ. 

10 . Preparation of  2-exo-Cyclohexyl- 7-ll!l·ncrbornanol 

The cyclohexyl compound was prepared by catalytic hydrogenat ion 

o f  2-�-phenyl-7-�-norbornanol . The phenyl-norbornanol ( 1 . 0  g ,  

0 . 0053 mole) was disso lved in 30 ml glacial acetic acid and placed in 
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a Parr hydrogenation bottle along with 0 .20 g platinum oxide catalyst .  

The mixture was shaken under a pressure o f  45 psi hydrogen for ten 

hours . Then the mixture was poured into water . The resulting precip -

itate was fil tered and taken up into ether and fil tered through celi te 

to remove the catalys t .  The filtrate was washed with sodium bicarbonate 

solution, then with water , and dried . This ethereal solution was placed 

in an erlenmeyer flask equipped with a magnetic stirrer and condensor . 

To this was added 0 .75 g L iAlH4 to reduce any acetate which may have 

formed during the hydrogenation . The mixture was stirred at  room temper-

ature for six hours , hydrolyzed with saturated sodium sul fate solution 

and filtered . lhe fil trate was washed with water and the e ther layer was 

dried and flash evaporated . A white crys tal line solid was obtained, 0 
0 .82 g (80% yield) o f  �p 75 -77 C (recrys tallized from l igroin) . 

- 1  Infrared data : 363 5 ,  3627 ( ±2 em ), (CC14) ,  28 99,  1263 , 1 152 , 

- 1  107 1 ,  and 925 em (cs2) .  

Nmr data , ( ca 10 % (w/v) CC14) :  3 .87 o (H7) ,  0 . 7 -2 .5.  o ( complex 

mul tiplet) . 

�· Calcd . for C13H220:  C ,  8 0 .35 ; H ,  1 1 . 41 .  Found: C ,  80 . 13 ;  

H ,  1 1 . 28 .  

1 1 .  Sarett
43 Oxidation o f  2 -exG-Phenyl-7 -�-norbornanol 

The method described by Gassman and Pape was employed . ll  Analyt-

ical grade ch romium trioxide , (2 .0 g, 0 . 020 mole) was dissolved in 20 ml 

dry pyridine in a smal l - erlenmeyer flask. To this solution was added 

1 .0 g (0 . 0053 mole) of the norbornanol dissolv ed in 20 ml pyridine . The 

mixture was stirred at room temperature for twenty four hours by means 
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of a magnetic stirrer , then poured into water , filtered over ce1 ite and 

the filtrate extracted with benzene . The organic layer was washed wi th 

water , dried and flash evaporated . The oily product was subjected to 

a stTeam of air to remove res idual traces of pyrUl:lne . An oil .was o8Jlained,, 

1 . 4  g; for - a  yield of 69% . The ir spectrum was charact�ri zed .by a lack of  a 

hydroxyl peak and an intense carbonyl peak was observed. Nmr analysis 

i�dicated this to be the pure ketone , and glc analys is revealed a single 

��ponent . 

Infrared �: 1834 (m) , 1771  (s) , 1740 (w) , (±2 cm- 1) ,  (CC14) ,  

2924, 1 258, 1 134 , 102 7 ,  753, and 696 cm- 1  : (cs 2) .  

!m£ �. (ca 10% (w/v) CC1
4

) :  7 . 11 o (aryl protons ) , 2 . 95 0 
(H2.egd0 ) ,  1 . 5-2 . 4 o (H1 , H3 , H4 , H5 , H6) .  

12.  Lithium Aluminum Hydride Reduction � 2-�-Phenyl·7��orbornanone 

The ketone , 1 . 35 g ( 0 . 0 140 mo le) was dissolved in 20 ml anhydrous 

ether and the solution was placed in a small round bot tom�d flask equipped 

with a magnetic s tirrer , heating mantle,  and condensor . To this solution 

was added 0 . 266 g (0 . 00700 mole) lithium aluminum hydride . The mixture 

was stirred and ref1uxed overnight , then was cooled, hydrolyzed with satur-

ilted sodium . aul fate . soltuion, :and extracted with ether • .  The extracts were ' 
washed with water and dried . Flash evaporation o f  the solvent gave 1 . 14 g 

(84 . 0%) white crys tal l ine material ,  mp 74- 76° C ,  the ir of which was 

identical to that of 2-�· pheny1- 7�!IB-norbornano 1 .  
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PART B 

ARYLNORBORNENE OXIDES 



CHAPTER I 

INTRODUCTION 

A. History 

1 .  Synthesis � 2-�-Anisylnorbornene-2 , 3-exo· Oxide 

In 1969 Kleinfelter and Long1 reported the isolat ion of a high 

mel ting solid upon the treatment of 2-�-anisylnorbornane-2 , 3-cis-�-

df61 �- (LIII )  with aqueous hydrochloric acid,  using THF as solvent , 

equation (15) . The structure of this compound , (LIV) was determined 

on the basis of  its elemental analysis (c14a16o2) ,  a Rast molecular 

weight determination ( someWh·at less than 200) , mass spectral analysis 

(parent �/e = 216) , and its unusual nmr spectrum. 

HCl > ( 1 5) 

A complex multiplet was observed in the aryl region of  the 

proton spectrum rather than the characteris tic AA ' BB '  "quartet" common 

to �-anisyl derivatives . A single proton absorption centered at 

3 . 53 o was ass igned to the 3-endo proton, analogous to the 2- and 3-

endo protons of  norborn�ne oxide (I)  at 3 . 16 o . 2 A doublet of  triplets 

centered at 2 . 62 o was ascribed to the 7-Aia· proton (exo-norbornene oxide , 

1: 35 o ) , 2 
and a doublet of triplets far upfield at 0 . 74 0 was assigned 

to the 7 -Ant1 proton , practically identical to that of  norbornene 

2 oxide . 

6 7  
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The unconunon mul tiplicity o f  the aryl proton absorptions was 

attribttted to restricted rotation aboat the s p2-sp3 carbon-carbon bond. 

In the uv spectrum absorption maxima were observed at 229 (E = 
3 1 1 , 300) , 2 7 7  (E = 1550) , and 284 � (E = 1450) . These data are nearly 

identical to those of �-methoxystyrene oxide ; 4 230 (E = 1 2 , 400) , 276 

(E = 1 710) , 279 (E = 1610 ) , and 284 mU (E = 1 6 10) . 

Chemically , (LIV) was found to be unreactive toward LiAlH4 in 

refluxing T!!F »3 a surprising observation in view o f  the reduction o f  

norbornene oxides in this and related systems . The compo•.znd was also 

found to be unaffected by buffered and u.."l.buffered peracetic acid , 

aqueous 0 . 2  m perchloric acid , aotd only part ia ll y  affected by concen-

3 
trated s·�lf-...tric acid to give the ketone (LV) , equation ( 16 ) . 

cf:po 
(LIV) !!,-An 

> ¢r 
(LV) ,e.-An 

( 1 6) 

B .  Introduction to the Problem 

Before and s ince the report of Kleinfel ter and Long, 1 2-aryl-

norbornene oxides have no t been reported . The photosynthetic irradi-

ation of 2-phenylnorbornene-2 , 3-�-oxide was mentioned by Kropp at 

the 1969 meeting of  the Southeas tern Regional Section of the American 

Chemical Society but no publ ished data have appeared yet on this sub-

ject . 

In view o f  the unqiue nmr spectrum of  (LIV) , i . e . , evidence of  

a rather high barrier to rotation of the endo-aryl ring , it  would seem 
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profitable to inves tigate more full y the spectrum, and , if poss ible , to 

compute the barrier to rotation by high temperature nmr techniques . 

Kessler » 7 in an excellent review states that res tricted rotation about 

the s ingle bond between sp2 and sp3 hybridized carbon atoms can be 

hindered by bulky substituents . Indeed , this  is  the case when the 

ortho pos itions flanking the restricted bond are subst ituted with large 

alkyl groups , but only one case has been reported in which the two 

or�ho .Positions were unsubstituted , that being of an extremely bulkyl 

di- t-bctyl-�-anisylcarbinol . 8 

It would appear from models that (LIV) is not so d ifferent 

sterically from the diol , (LIII) , which demons trates no res tricted 

rotatior: , and hence the barrier to rotation may be , in part , due to 

electrc,nic factors . 

9 
Woodbrey and Rogers have developed a technique whereby a close 

approximation of the thermodynamic energy parameters can be determined 

by the intens ity ratios of the spectral lines near the coalesence 

temperature .  The l ine intens ity ratio , r ,  is determined as shown in 

the idealized case depicted in Figure 1 1 .  �v is the separation in Hz 

of the two peak centers of the maxima . 

The defining equations are (17) , ( 18) , and (19) , where �* is 

.. .  i 

the free energy barrier to rotation - 1  in kcal mole , k i s  the rotational 

rate constant in s ec- 1
, R, the thermodynamic gas law constant , 1 . 9872 

cal mole - l  °K-l , T the corrected temperat�re in ° 1<., h, Planck ' s  constant , 

6 . 6256 x lo- 27 erg sec , and N is Avogadro ' s  cons tant , 6 . 0225 x 1023 

-1 
mole • 

r = MAX/MIN ( 1 7 }  



I I • <  Av =,: : I 

MAX 

Figure 1 1 .  Ideal nmr spectrum for intens ity ratio method o f  Woodbrey 
and Rogers .  

Source : M .  T .  Rogers and J .  C .  Woodbrey , J .  Phy . Chern. , 66 , 540 (1962 ) . 

"""' 0 
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( 18) 

- �G* = 2 . 303 RT log �h(RT)� ( 19) 

= 4. 577 T log �T- 1 (4 . 8 x l0
-1 12] cal mole- l 

An unequivocal proton assignment to each o f  the peaks in the aryl 

region of the spectrum would be desirable . This could be accomplished 

by a least squares comparison of the actual spectrum with that of the 

theoretical spectrum. 

The trans it io� energies (chemical shifts ) and transition probabil-

ities ( l ine intensities ) associated with spin-spin interactions have a 

quantum mechanical basis , 10 and an exact correspondence between experi-

ment and prediction has been achieved . Therefore , a theoretical spectrum 

may be generated from a s et of parameters, (chemical shifts and coupling 

constants ) , and the values of these parameters can be altered in an 

iterative , least squares sense until the theoretical spectrum is super-

imposable upun the experimental spectrum within established error limits . 

This , o f  course , requires correct proton ass ignment to the experimental 
11  

lines . Such a correct proton assignment should not be too difficult 

in the case o f  a four spin system with widely separated lines as is the 

case o f  the aryl protons of the compound in question . 

Such a comparison is tenable by use o f  an iterative computer pro­

gram written by Bothner-By and Cas tellano1 2 , 13 
o f  the Mellon Institute .  

This program i s  available to a l l  users and i s  entitled "LAOCN3 , Least 

Squares Adjustment of Calculated On Observed Nmr Spectra ,
.
Version 3 . 11 

Further chemical characterization of the title compound would be 

interes ting . Long3 noted its evident inertness to hydride reduction 



and its nonreactivity to all but strong mineral acids . It  might be 
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informative to test its chemical "inertness" with strong nucleophiles such 

as Grignard reagents and organolithium compounds .  

I t  was felt that the restricted rotation o f  the aryl ring might be 

due to considerable steric interaction between the ortho ring hydrogens 

and the 6-endo proton of the norbornyl group. In such an event , other 

aryl-2 , 3-�-norbornene· oxides should reveal a similar, i f  not equal ,  

barrier to rotation . Kleinfelter and Long
1 have demons trated that attempts 

to generate the phenyl or �-chlorophenyl analogs o f  (LIV) by a similar 

14 15  16 route were unsuccess ful . Other methods of epoxidation are known , ' ' 
and a� at�empt to prepare the two analogs by one of these procedures 

seemed to hold promise .  



CHAPTER II 

DISCUSSION OF RESULTS 

A. The Chemical Behavior of LIV 

A ful l discuss ion of the attempted reactions o f  (LIV) will not be 

attempted here . However , a brief account of the unsuccess ful attempts 

at ring opening will be presented . 

1. . Reac:tio!l with Phenylmagnesium Bromide 

This reaction was attempted five times in different solvent 

sys tems . In each case an equimolar quantity o f  Grignard reagent and 

subs trate were mixed , and upon normal hydrolysis with water , usual workup 

and evaporatio·n o f  the solvent , s tarting material was recove·red in yields 

greater than 90%. The solvent sys tems employed and reaction times 

were: a.nhydro)ti.S ether-'l'HF (2  hrs ) , ether-benzene (24 hrs) , THF ( 7 2  hrs ) ,  

ether-xylene (36 hrs ) , and di-li-amyl ether ( 72 hrs . ) .  

3 .  Reaction with Methylmagnesium I'odide 

The compound was added as a solution in xylene to the methyl 

reagent in ether and refluxed for 120 hrs . A 90% recovery of the s tart­

ing material was accomplished . 

3 .  Reaction with Phenyll i thium and n-Butyllithium 

The phenyllithium was prepared in ether and the subs trate added 

as a benzene solution and refluxed for 102 hrs . The n-butyl lithium was 

commercially prepared and used as a solution in hexane, to which the 

compound was added as a benzene solution. Refluxing for 48 hrs and 

73 
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hydrolysis  yielded the unchanged starting material as was the case with 

the phenyl reagent . Hydrolysis in the case o f  the phenyllithium with 

99 . 5% deuterium oxide affected no detectable deuterium incorporation 

in the aromatic ring . 

4 .  Po tassium Hydroxide -Ethylene Glycol Reduction 

A reduction of the type utilized by Kleinfelter1 7  for aryl norb-

ornanones was attempted . This resulted in a 75% recovery o f  s tarting 

material . 

5 .  Lithiumdiethylamide Reduction 

18 A reaction analogous to that performed by Crandall with 

norbornene oxide (I) was attempted . A 75% recovery o f  s tarting material 

was accomplished . 

6 .  Dimethylsulfoxi.de-borontrifluoride Oxidation 

Cohen and Tsuj i19 have reported the oxidation of epoxides to 

hydroxy ketones . This reaction was attempted utilizing a small amount o f  

diglyme as so_lvent o,,Ting to the · insolubility o f  the substrate in dimethyl-

sul foxide . A 70% recovery o f  starting material was realized. 

B. The Nmr Spectrum of LIV 

A near total nmr analysis of the compound was undertaken. The 

results of this analysis are given under the various headings which 

relate to the method by which unequivocal ass ignment was made . 

1 .  Accurate 'Chemical Shift � 

The HA- 100 NMR Spectrometer offers greatly enhanced s ignal to 

noise ratio , increased " firs t order character" of multiplicity , greater 
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field stability due to its mode of operation , i . e . , a field position 

"lock" on a suitable standard , usually l'MS , and a digital read out of 

field frequency . Hence , the exact chemical shift of a given proton can 

be readily determined if the peak center i s  known. 

Kleinfelter and Long1 reported the 60 MHz data of the title com­

pound, and described the aryl proton absorption as a doublet of quartets 

at 7 . 49 o ,  the same pattern at 6.92 o, and a doublet of triplets at 

6. 48 o .  A separation of the upfield aryl proton absorption in the 100 

MHz spectrum enabled further chemical shift assignment. This was due to 

the increased resolving power of the larger spectrometer which showed 

the aryl region to be represented as a set of AX doublets �plit again " into 

doublets , centered at 7.47 and 6 . 93 o ,  respectively , and further upfield , 

a set of AB doublets further split into doublets at 6.54 and 6 . 42 o ,  

Figure 12.  

2 .  Multiple Irradiation Experiments 

Spin decoupling experiments were devised to test the empirical 

assignments made earlier . 1 ' 3 

Irradiation of the 2 . 61 o peak , assigned to the 7-� proton pro­

duced no change in the appearance of the 0.74 o doublet , previously 

assigned to the 7-� proton. In view of the large geminal coupling 

of 9 . 3  Hz for the 7-�, 7-� coupling in norbornene oxide (1) , 2 it 

must be assumed that one of the assignments is incorrect . It was observe4, 

however , that this double resonance did cause collapse of a "doublet" to 

a singlet centered at 1. 31 o .  Irradiation of this 1. 31  cS "doublet" like­

wise caused the collapse of the 2 . 61 o peak to a singlet , a marked effect 
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on the broad mult iplet at 2 . 29 o ,  and a noticeable narrowing of the 

3 . 55 o peak . This  implies that the 1 . 31 o proton is coupled to three 

o ther protons , whose assignments are virtually certain , i . e . , 3 . 55 o 

(3-endo proton) , 2 . 61 o (7-� proton) , and 2 . 29 o (bridgehead protons) .  

There is l iterally only one proton to fit this description ,  the 7-anti 

pro ton. �'� coupling has been shown to be large in norbornene 

oxide , ( 9 . 3  Hz) .
2 

Herein it is 8 . 8  Hz.  At the same time , the coupling 

between the 7-anti proton and the 3-� proton would be expected to be 

t·ather small , i . e . , l ine broadening , since this involves long range 

coupling over four bonds in the required ''W" CQnfiguratton, 20 and 3'"'endo , 

4-bridgehea.d coupling also is  not nearly so large as the 7-.§!!h 7-anti 

value . Irradiation o f  the 2 . 29 o peak (bridgehead protons ) would, there­

fore , be expected to eliminate 3-endo , 4-bridgehead coupling, giving rise  

to a doublet for the 3-endo proton absorption , revealing the 7 -E£U, 

3-� coupling. This was j us t  the cas e ,  the value o f  the coupl ing con­

stant being 1 . 2  Hz . This is somewhat smal ler than the 3-4 Hz s een in 

some norbornyl derivatives20 but this may be due to s teric "warping" of 

the norbornyl framework by the large substituents .  

Finally, irradiation o f  the mos t  downfield absorption in the aryl 

region (7 . 47 o )  gave rise to the collapse o f  the small coupling in the 

mos t  upfield absorption ( 6 . 42 o ) , proving these two peaks to be meta 

coupled . 

3 .  The Computer Generated and Experimental Spectra for the Aryl Protons 

Assuming that rotation about the aryl-norbornyl bond is indeed re­

str icted and that the greater population of molecules res ide in the less 

s trained conformation , four possible proton ass ignments may be made. These 
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four poss ibilities are l is ted in Figure 13 ,  where w1 through w4 are the 

chemical shifts from the mos t  downfield, 7 . 47 d (W1) , to the most  upfield, 

6 . 42 o (w4) .  

S tructures (13b} and ( 13d} may be immediately eliminated on the 

bas is of the s pin decoupling experiments , which showed the most  down­

f ield proton , w1 , to be meta coupled with the mos t  upf ield proton, w4 • 

This leaves two poss ibilities , one o f  which is more attractive than the 

other. In s tructure ( 13c) the most  downfield proton , w1 , is ortho to 

the methoxyl group . The shielding effect of a methoxyl group upon ortho 

protons is wel l  known, 21 and this s tructure is tentatively discounted 

on that basis . 

A careful HA-100 nmr spectrum of the aryl region is scanned and 

chemical shifts and coupling constants are determined . These are the 

input parameters for the computer program, which is s el f-contained and 

compatible with any computer system utilizing a Fortran IV compiler . In 

Table XIII the input and output are lis ted . The input data are the 

shifts and coupling cons tants as measured directly from the experimental 

spectrum. The output data are the best values fit , in a least s quares 

sens e ,  of the theoretically generated spectrum to the experimental data . 

As can be seen ,  an excellent fit between the theoretical and experimental 

spectra has been obtained lending great credibility to s tructure ( 13a) 

as being the closes t to the true structur e .  I n  Table XIV the theoretical 

s pectrum is tabulated , along with error data , and in F igure 12 , page 76 , 

the theoretical l ine spectrum is superimposed upon the experimental 

spectrum. In Table XV the accumulated data of this and the preceeding 

two sections are tabulated . 
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R R R 

w4 w4 0 w2 w2 w3 

w3 w3 wl wl w4 

CH3 OCH3 

{b) (c) 

R = 

Figure 13 . Poss ible proton assignments for the aryl nmr spectrum 
of (LIV) . 



TABLE XIII 

INPUT AND OUTPUT DATA FOR LAOCN3 EV.\LUATION OF 
ARYL PROTONS IN (LIV) 

Output Data 

80 

Input Data Best Value Case,  Hz Probable Error 

Chemical Shift , Hz : 

H(l)  641 . 8  641 . 824 0 . 018 

H ( 2) 653 . 4  653 . 488 0 . 018 

H(3) 693 . 2 693 . 490 0 . 015 

H (4) 747 . 8  747 . 473 0 . 015 

Coupling Constants ,  Hz: 

J( l '  2) 8 . 70 8 . 360 0 . 021 

J ( l , 3) 0 . 50 0 . 130 0 . 025 

J(1 , 4) 2 . 10 2 . 289 0 . 024 

J( 2 , 3) 2 . 60 2 . 761 0 . 024 

J ( 2 , 4) 0 . 50 0 . 173 0 . 024 

J(3 , 4) 8 .  70 8 . 586 0 . 021 
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TABLE XIV 

THEORETICAL SPECTRUM AND COMPARISON TO THE LEAST SQUARES FITTED 
EXPERIMENTAL SPECTRUM FOR (LIV) , AS OBTAINED BY LAOCN3 

Experimental Calculated · 
Frequency Frequency Intensi ty Error 

635 . 000 635 . 053 0 . 405 - 0 . 053 
635 . 400 635 . 425 0 . 466 -0 . 025 
637 . 100 637 . 096 0 . 351 0 . 004 
637 . 500 637 . 525 0 . 430 -0 . 025 
643 . 400 643 . 399 1 . 538 0 . 001 
643 . 800 643 . 71J 1 . 506 0 . 027 
645 . 500 645 . 447 1 . 665 0 . 053 
645 . 900 645 . 87 7  1 .  627 0 . 023 
649 . 200 649 . 162  1 . 498 0 . 038 
649 . 600 649 . 59 1  1 . 605 0 . 009 
651 . 700 651 . 691  1 . 583 0 . 041 
652 . 100 652 . 059 1 . 662 -0 . 008 
657 . 500 657 . 508 0 . 360 -0 . 043 
657 . 900 657 . 943 0 . 289 -0 . 038 
660 . 000 660 . 038 0 . 548 -0 . 01 1  
660 . 400 660 . 411  0 . 466 -0 . 061 
687 . 400 687 . 461  0 . 912 -0. 033 
687 . 800 687 . 833 0 . 909 -0 . 091  
689 . 900 689 . 991  o .  7 76 -0 . 064 
690 . 300 690 . 364 o. 770 0 . 061  
696 . 100 696 . 039 1 . 230 0 . 032 
696 . 500 696 . 468 1 . 196 0 . 094 
698 . 600 698 . 506 1 . 109 0 . 094 
699 . 000 698 . 936 1 . 082 0 . 064 
742 . 400 742 . 300 1 . 186 0 . 100 
742 . 800 742 . 730 1 . 1 74 0 . 070 
744 . 400 744. 343 1 . 134 0 . 05 7  
144 . 800 744 . 778 1 . 128 0 . 022 
750 . 800 750 . 878 0 . 862 -0 . 078 
751 . 200 751 . 245 0 . 852  -0. 045 
752 . 900 752 . 9 77 0 . 831 - 0 . 07 7  
7�3 . 300 753 . 350 0 . 824 -0 . 050 



TABLE XV 

NMR SPECTRAL DA:rA FOR (LIV) 

Chemical Proton 
Shift ,  Assignment 

6 . 42 HArl 

6 . 53 HAr2 

6 . 93 HAr3 

7 . 47 HAr4 

3 . 80 HOCH3 
3 . 55 H3-� 

2 . 61 H7-!I!! 

2 . 29 H1 ,4 

1 . 31 H7-anti 
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Coupling 
Constants,  Hz 

Jl , 2 8 . 70 

J1 , 3  0 . 50 

J1 4 
2 . 10 ' 

J2, 3 2 . 60 

J2 , 4  0 . 50 

J3 , 4  8 . 70 

J7-anti, 3-endo 1 · 20 

J 7 -.!m, 7-.!!!lti 8 . 80 

See Above 
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4. Elevated Temperature Nmr 

Since it was felt that the complex aryl absorption was due to 

somewhat restricted rotation, monitoring the nmr absorption at temper­

atures higher than ambient should reveal a gradual change and ultimately . 

a ·classical AA ' BB '  pattern should emerge . 

Choosing a proper ·solvent proved more difficult than anticipated 

owing to the insolubility of the compound in common solvents . Firs t 

diglyme was chosen as the oxide is soluble to the extent o f  about 10% 

(w/v) at room temperature . This solvent choice proved to be inadequate; 

however , coales cence of the signals did not occur unt il between 1 10° and 

13G°C, and boiling of the solution initiated just  as the anticipated 

quartet pattern began to be barely discernible . 

An attempt at heating the soluticn above 160.)C in a sealed tube 

proved abortive as eventual reflux somewhat a.bove 160° C caused instrument 

failure due to loss of the lock signal . 

Success was finally achieved by use of a 9% (w/v) solution of 

(LIV) in triglyme , with hexamethyldisiloxane , (HMDS) , as an internal 

s tandard and lock. In Figure 14 , traces over a wide range of temperature 

are reproduced , showing the "normal" spectrum, coalescence , and finally, 

the near AA ' BB ' multiplicity . 

5 .  Determination 2!_ � l!:!!. Energy Barrier £!. Rotation in (LIV) 

As suggested in the introduction ( p .  69 ) ,  determinations of 

certain thermodynamic parameters are possible if a few certain criteria 

are met . The spectrum must demonstrate coalescence at a :temperature 

attainable within the heating or cooling capacity o f  the variable temper­

ature probe device , the compound must not undergo any chemical change 
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Figure 14 . Variable temperature nmr spectra of the aryl protons of LIV .  
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at this temperature , and the spectrum should be · simple, such that a 

simple maximum-minimum pattern exists as in Figure 11 , ( p .  69).  One 
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could ·expect the nmr ·spectrum of a 3 , 5-dideuterio analog · o� (L�V) , .$uch as 

(LVI) , to · display a ·simple AX doublet of doublets pattern. This compound 

was prepared and the prediction proved correct . From the spectrum, the 

(LVI} 

!!£! coupling .constant was determined to be 2 . 1 Hz , further proof that 

this coupling should be smaller than the other � coupling which spans 

the electronegative methoxyl substituent . The chemical shifts were just 

as predicted , 7 . 48 o and 6 . 42 o . 

The high temperature nmr spectra were run by S .  Sternhell and G .  C .  

Brophy , of the Department of Organic Chemistry ,  The University o f  Sidney, 

Sidney , Australia . The results of this excellent work are contained in 

Table XVI , which show the average value of 6G* ( free energy barrier to 

rotation) to be 19 . 7±0 . 1 kcal mole- 1 • 

C • .  2-Phenylnorbornene-2 , 3-.!!2_-0xide , (L�I) , and .2.;(4-

. Cijlorophenyl) -.no�bomene-2 , 3-!!2,-C))cide , (LVIII) 

1 .  Preparation .2! LVII and LVIII 

The two �poxides were prepared from the corresponding olefine · (LIX) , 

and (LX) ,• by the method of Payne . 16 The phenyl compound (LVII) was a clear 

colorless oil , while (LVIII) was a white solid . 



TABLE XVI 

HIGH TEMPERATURE NUCLEAR MAGNETIC RESONANCE DATAa FOR LVI 

Correctedb 
Free Energy 

Reading on Max/Min Barrier to 
Temperature Temperature ,  Ratio , Rate Constant Rotation , 

Scale , ° C  o c  r k ,  s�c-1 � G* , kcal mole-1 

110 113 . 5  4 . 38±0 . 47 79 . 5±4 . 6  19 . 5  
1 14 117 . 5  3 . 57 ±0 . 28 88 . 6 ±3 . 8  19 . 6  
116 120 2 . 77±0 . 11 101 . 8±2 . 3  19 . 6  
118 122 2 . 36 ±0 . 12 111 . 5 ±3 . 3  19 . 6  
120 124 2 . 04±0 . 05 121 . 5±1 . 8  19 . 7  
122 126 1 . 89±0 . 06 127 . 3±2 . 5  19 . 8  
124 128 1 . 82±0 . 07 130 . 2±3 . 1 19 . 8  

aca 10% (w/v) diglyme _ solution, with Varian HA- 100 NMR Spectrometer . 

bTemperature correction. made· by checking temperature immediately after 
scanning by the "Varian Method, II i . e . , with an ethylene glvcol standard, the 
hydroxyl chemical shift being a function of temperature , and by the "melting 
point method, " in which samples o f  known melting points are placed in sealed 
capillaries and immersed in DMSO in an nmr tube . The temperature is  determ­
ined by the appearance of the nmr signal upon melting. 

00 0' 
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(20) 

(LIX} Ar = c6H5 

(LX} Ar. = 2,ClC6H4 

r 
(LVII) 4r = C6H5 

(LVIII)  Ar = aClC6H4 

2 . · Nmr , llY,, S!! � Spectral � !2!: (LVII) !m!l (LVIII) 

The most s ignificant feature of the nmr s pectra o f  the two oxides 

is their difference from that of the £-anisyl compound, (LIV} . Whereas 

the latter compound displayed restricted rotation of the aryl group, these 

two compound� from all spectral appearances , display l ittle or no such 

restriction. The nmr data are almost totally analogous to that of norbornene 

oxide , (I) , itsel f .  In Table xv.ff, �he data for (I) , (LVII ) , and LVIII) are 

summarized . The chemical shifts of most protons are ·shifted downfield 

somewhat ,  due to the inductive electron withdrawing ·effect of the aryl 

substituent . The 7-� proton absorption of (LVII) was obscured due to the 

absorption of the 5- and 6-protons . The chemical shift was pinpointed by 

double irradiation o f  the 7-� proton absorption and scanning the upfield 

mul tiplet . The large 7-�, 7�anti coupling was eliminated and the chemical 

shift was pinpointed by virtue of this fact . This same double irradiation 

collapsed the 3-� pro ton absorption to a doublet ; JS-endo 7-anti = _, -
1 . 3 Hz . 

I t  was determined by a 50 Hz expansion spectrum with the 100 MHz nmr 

s pectrometer ·that the multiplet absorption of the 7-anti proton was actually 

a doublet of sextets and all �oupling constants were determined . Figure 

15 demonstrates this 50 MHz expansion , · and the theoretical splitting pattern 

is superimposed . 
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TABLE XVII 

NMR SPECTRAL DATA FOR (I) , a (LVII) , b AND (LVIII) c 

Proton 
Chemical 
Shift , o 

Coupling 
Constant , Hz 

R=H: d 

1 , 4 
2 , 3  

7-!,m 
7-� 

R= c6H5 : 

1 
4 
3 
7-!EIJ! 
7-� 
aryl (singlet) 

R = 4-ClC6H4: 

1 
4 
3 
7-anti 
aryl (singlet) 

2 . 44 
3 . 16 
1 . 35 
0 . 70 

2 . 78 
2 . 50 
3 . 32 
1 . 62 
0 . 82 
7 . 30 

2 . 82 
2 . 58 
3 . 36 
0 . 87 
7 . 30 

aCDC13 solvent. 

b HA-100 Nmr Spectrometer (ca 15% (w/v) CDC13) .  

cA-60 Nmr Spectrometer ( ca 15% (w/v) CDC13) .  �- Tori , K. Kitahonoki , Y .  'l'akano , H .  Tanida , and T .  Tsuj i ,  
Tetrahedron Letters , 11 , 559 (1964) . 
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Figure 15 . Nmr sp e c t rum of 7-anti ? ro ton cf 2-pheny1no rbornane-2 , 3-� 
oxide ( 5 0  H z  expansion on HA-100 nmr spe c trome tet· ,  ca 15% (l·l/v) CCl4) .  (XI \0 
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The ultraviolet spectral data for the two aryl substituted nor-

bornene oxides were obtained utilizing cyclohexane as a solvent . These 

data are listed in Table XVIII . 

According to Rogers , 22 styrene . displays an absorption maximum at 0 p 
2460K, and styrene oxide , 2120A, (hexane solution) . Therefore, it may 

be inferred that substitution of an oxirane ring for the double bond 0 
leads to a hypsochromic shift o f  340A. This observation was noted by 

Long3 in his studies of 2-£-anisylnorbornene and its oxide (LIV) . 0 
Kleinfelter23 reports a value of 2625A for 2-phenylnorbornene , (LIX) , 0 
and 2670A for 2-(4-chlorophenyl) -norbornene giving rise to hypsochromic 0 
shifts of  370 and 340A, respectively , for the oxides . 

The mass spectra o f  the phenyl and £-chlorophenyl norbornenenes 

and their ·respective oxides , (LVII) , and (LVIII) have been obtained 

with .the help of Dr . Paul Chen of the Phillip Morris Research Labora-

tories in Richmond ,  Virginia . These are included in Tables XIX,  XX, 

XXI ,  and XXII ,  and Figures 16 , 1 7 ,  18, and 19 , respectively . For com-

parative purposes , the mass spectral data and fragmentation patterns 

for norbornene oxide , ( I ,  p .  2) , and 5-endo-acetoxynorbornene oxide, 

(IX, p .  3) have been recorded also . in Tables XXIII AND XXIV and 

Figures 20 and 21 , respectively . 

3 .  !h! Chemical Behavior o f  1m 
Chemically , the phenylnorbornene oxide behaves as .DDe .ould 

expect for a strained epoxide . In direct contrast to the £-anisyl 

compound, (LIV) , the oxirane ring of (LVII) is opened with amazing 

·ease,  under ·such mild conditions as stirring at room temperature with 



TABLE XVIII 

ULTRAVIOLET SPECTRAL DATA FOR 2-PHENYLNORBORNENE-2 , 3-exo-OXIDE, a 
AND 2-(4-CHLOROPHENYL) -NORBORNENE- 2 , 3-�-0XIDEb 

0 >. . (A) max 

2256 

2098 

Ar = 4-ClC6H4 : 

2633 

2340 

2070 

e: 

139 

7970 

6S90 

863 

10 , 100 

49 70 

�he data were obtained at a concentration o f  9 . 92 mg 1 -1 

( 4 . 80 x lo-S  M ) in cyclohexane . 

b
The data were obtained at a concentration of 9 . 84 mg: 1 -1 

( 4 . 80 x lo-S M)  in cyclohexane . 
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TABLE XIX 

MASS SPECTRUM OF 2-PHENYLNORBORNENE 

m/e 

1 72 (P + 2) 
171 (P + 1) 
1 70 (P) 
155 
154 
153 
152 
143 
142 (Base) 
141 
140 
139 
129 
128 
115 
102 

91 
89 
7 7  
76 
64 
62 
49 
48 
39 

% Abundance 

0 . 38 
4. 60 

30 . 59 
7 . 48 

15 . 71 
6 . 62 
6 . 43 

20 . 62 
100 . 00 

54. 72 
7 . 91 
6 . 12 
5 . 60 
8 . 79 

31 . 27 
6 . 27 
9 . 07 
5 . 26 

10 . 28 
5 . 63 
5 . 47 
9 . 40 

12 . 46 
7 . 52 
7 . 98 

9'2 



TABLE XX 

MASS SPECTRUM OF 2-(4-ClU.OROPHENYL) ­
NORBORNENE 

m/e 

207 (P ' + 1) 
206 (P ' )  
205 ( P  + 1)  
204 (P) 
178 
177  
176 ( Base) 
169 
153 
152 
151 
149 
142 
141 
139 
115 

75 
70 
63 
51 
40 
38 

% Abundance 

0 . 75 
5 . 01 
2 . 54 

1 5 . 15 
31 . 04 
13 . 44 

100 . 00 
13 . 55 

6 . 83 
5 . 32 

1 7 . 10 
5 . 15 
5 . 05 

34. 69 
9 . 46 

1 5 . 48 
6 . 72 
6 .  7 7  
7 . 37 
6 . 81 
5 . 04 

12 . 18 
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TABLE XXI 

MASS SPECTRUM OF 2-PHENYLNORBORNENE-
2 ,  3-�-0XIDE 

m/e 

187 (P + 1)  
186 (P) 
1 70 
158 
157 
1 55 
154 
153 
152 
151 
143 
142 
141 
130 
129 
128 
127 
118 
117  
116  
115 
103 
102 
101. 
100 

91 
89 
79 
77  
75 
73 
7 2  
67 
65 
63 . 

62 
53 
52 
51 
50 
41 
39 
38 

% Abundance 

3 . 52 
22 . 02 

8 . 57 
32 . 29 
17 . 50 
20 . 55 

100 . 00 
27 . 71 
24 . 78 

6 . 69 
5 . 40 

26 . 01 
10 . 63 
12 . 39 
20 . 43 
18 . 08 

9 . 39 
8 . 51 

66 . 64 
8 . 22 

34. 58 
46 . 15 

7 . 28 
27 . 59 
11 . 74 
26 . 42 

8 . 69 
6 . 56 

36 . 52 
25 . 83 
10 . 27 

8 . 51 
11 . 68 
1 0 . 22 
17 . 61 

6 . 46 
5 . 87 
8 . 81 

32 . 41 
18 . 49 
11 . 51 
29 . 77 

5 . 46 
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TABLE XXII 

MASS SPECTRUM OF 2-(4-CHLOROPHENYL) -NORBORNENE-2 , 3-�-0XIDE 

m/e % Abundance m/e % Abundance 

222 (P ' )  8 . 85 114 9 . 14 
221 ( P  + 1 )  4 . 68 113 10 . 28 
220 ( P) 26 . 04 111  14. 97 
206 8 . 45 103 6 .  28 
204 22 . 55 102 10 . 56 
194 13 . 42 101 1 3 . 70 
193 10 . 73 99 6 . 28 
192 40 . 08 91 13 . 30 
191 20 . 90 89 19 . 64 
189 8 . 56 88 7 . 59 
179 6 . 28 87 7 . 54 
1 78 33 . 80 86 5 . 02 
177 16 . 16 84 5 . 14 
176  94 . 94 83 5 . 14 
1 75 6 . 5 7 82 5 . 08 
169 19 . 70 81 8 . 56 
167 6 . 39 79 10 . 45 
165 7 . 94 78 10 . 22 
164 5 . 14 7 7  21 . 64 
163 8 . 05 76 13 . 65 
162 5 . 14 75 27 . 58 
157 13 . 42 74 10 . 96 
155 5 . 48 73 5 . 25 
154 19 . 64 70 12 . 28 
153 43 . 68 69 9 . 42 
152 24 . 15 67 25 . 58 
151 ( Base) 100 . 00 66 7 . 99 
149 14 . 22 65 11 . 99 
142 1 2 . 56 64 1 1 . 42 
141 63 . 62 63 26 . 26 
140 10 . 28 62 9.  71 
139 6Ll7 57 1 1 . 13 
138 9 . 02 56 1 1 . 99 
137 5 .  71 55 15 . 99 
136 8 . 28 53 1 1 . 13 
129 32 . 26 52 7 . 99 
128 28 . 72 51 29 . 86 
127 25 . 69 50 19 . 01 
126 7 .  71 44 25 . 41 
125 26 . 38 43 15 . 30 
117 11 . 42 42 9 .  7 1  
116 31 . 00 41 37 . 11 
115 71 . 37 40 7 . 94 

39 52 . 81 
38 8 . 1 1  
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9 1  
102 

96 

+ 

m/e 170 

< -H· m/e 142 

m/e 115 

m/e 77 

m/e 141 
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Fragment 
Structure 

Phc .:::=:-cu e . 
Figure ·1 6 .  Mass spectral degradation of 2-phenylnorbornene . 
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• 

m/e 154 m/e 155 
Figure 16 (CONTINUED) 
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> 

C1 

m/e 204, 206 m/e 176 , 178 

m/e 141 

m/e 204, 206 m/e 176 , 1 78 

Figure 1 7 .  Mass spectral degradation o f  2-(4-chloropheny1) ­
norbornene . 
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Structure 
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99 

> 

m/e 115 

H 

m/e 153 m/e 154 

Figure 18 .  Mass spectral degradat�on of 2-phenylnorbornene-2 , 3-
£!2,-oxide . 
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-o > > 

m/e 1 70 

• 
-H · <: 3 

m/e 154 m/e 155 
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m/e 141 
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Figure 18 (continued) 



0 > 

C1 

m/e 220 , 222 

m/e 192, 194 

m/e 191 , 193 rl� � � C1 

(f) 
C=C=O 

Cl 
Cl 

m/e 152, 154 m/e 151 , 153 

Figure 19 . Mass spectral degradation of 2- (4-chlorophenyl) ­
norbornene- 2 , 3-�-oxide . 
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Figure 19 (continued) 



TABLE XXIII 

MASS SPECTRUM OF NORBORNENE-2 , 3-!!2-0XIDE 

m/e 

111 (P + 1) 
110 (P) 
109 

95  
93 
92 
91 
83 
82 
81 
80 
79 (Base) 
78 
77 
69 
68 
67 
66 
65 
55 
54 
53 
52 
51 
50 
43 
42 
41 
40 
39 
38 
29 

% Abundance 

7 . 27 
76 . 92 
1 2 . 47 
35 . 64 

7 . 26 
36 . 38 
23 . 38 
27 . 33 
28 . 58 
9 6 . 15 
15 . 07 

100 . 00 
19 . 23 
28 . 06 

9 . 87 
19 . 85 
70. 68 
68 . 71 
12 . 47 
29 . 10 
52 . 49 
47 . 81 

8 . 31 
16 . 63 
10 . 39 
14 . 13 

6 . 17 
63. 40 
1 2 . 47 
60 . 81 

7 . 27 
14 . 55 
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TABLE XXIV 

MASS SPECTRUM OF 5-�-ACETOXYNORBOR-�NE 
2 ,  3-.!!e-OXIDE 

m/e 

169 (P + 1)  
168  (P)  
126 
108 
107 

9 7  
83 
82 ( Base) 
81 
80 
79 
78 
77 
70 
69 
67 
66 
61 
57 
55 
54 
53 
51 
44 
43 
42 
41 
39 

% Intensity 

0 . 20 
0 . 40 
7 . 69 

22 . 24 
8 . 00 
8 . 73 

1 2 . 26 
100 . 00 

6 7 . 56 
38 . 46 
61 . 53 

5 . 40 
13 . 61 
14. 13 

6 . 02 
10 . 60 
13 . 92 

6 . 44 
7 . 90 
9 . 97 

1 2 . 68 
1 1 . 22 

5 .  7 1  
7 . 69 

47 . 60 
5 . 40 

23 . 90 
23. 90 

104 



105 

d:J;o 
m/e 110 

• @  m/e 195 0 

m/e 81 

CE1 CH3 J 
~ < -H· t)· �CHJ � ft) �/e 79 m/e 80 / HCSCH l + 

+ CH2=CH2 

m/e 53 

Figure 20 . Mass spectral degradation of norbornene-2, 3 -�-oxide . 
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Figure 21 . Mass spectral degradation of 5-�-acetoxynorbornene 
2 , 3-�-oxide . 
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absolute methanol to yield the methoxyhydrin, (LXI) as shown in equation 

21 . 

cte Room Temperature 
> 

{LVII )  

rfyou � OCH3 (21) 

(L."<I) h 

The compound is a colorless oil , and structure (LIX) was confirmed 

on the basis of its remarkable nmr spectrum. Being analogous to a diol ,  

one might expect it to  exhibit a great deal of hydrogen bonding between 

the hydroxyl hydrogen and methoxyl oxygen which l ie in a �-� orient-

ation favorable for such an interaction. The hydrogen bond in question 

is so strong that the proton spectrum in a non-protic solvent , cc14, 

displays an AB quartet for the �OH ,H2_� proton absorptionb. This 

portion of the nmr spectrum is shown in Figure 22.  By use of expanded 

scale 60 MHz nmr , coupling constants were determined . Coupling between 

the hydroxyl proton and the 2G�endo proton is 7 .  8 Hz , and the 2-� 

absorption is further split into doublet s ,  revealing a 2-endo , 7-� 

coupling o f  1 . 5  Hz . This confirms structure (LXI) rather than 2-�-
. 

phenyl-3-�-methoxy-2-norbornanol ,  because in -such a compound hydtoxyl , 

3-� coupling would be unl ikely and certainly not of the magnitude 

8 Hz . 20 The methoxy methyl protons absorb at 2 . 93 o , considerably up­

field as compared to that of benzyl methyl ether , 3 . 25 o , 25 due to the 

shielding :effect of its position with respect to the aromatic ring , an 

.orientation required for the -0-H, o-cH3 hydrogen bonding alignment . 

In the infrared no-free hydroxyl s tretching vibration is dis­

cernible ,  the hydroxyl stretch occurring at 3516 cm- 1 , for a �v value 

o.f 104 cm
-l compared to the free hydroxyl stretch of 2-,!!2.-norbornanol . 23 



� I 
F 
l I 

�� 4.oo 3e 50 
Figure 22 . Hydroxyl anci. 2-enc!o. pro ton absorp tions in the nmr spectrum 

(100 Hz expansion , A60 nmr spectrome ter) of 3-�-methoxy-3�endo-phenyl-2-�­
norbornanol. 

b ':0 
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Reaction of the epoxide with acetic acid for six hours at room 

temperature afforded the hydroxyacetate , (LXII) , as depicted in equa-

tion ( 22) . 

Room Temperature 

(LVII)  
~ 

(LXII )  
h 

H ( 22) 

Assignment of structure (LXII) rather than the 2-acetoKy-3-hydroxy 

isomer was made on the basis of the nmr spectrum. The 3-� proton 

absorbs at 5 . 17 5 while the 3-endo proton of 2-phenylnorbornane- 2 , 3-£1!­

�-diol absorbs at 3 . 98 5 . 26 One may expect a downfield shift of 

1 . -1 . 5  o for the c�binol C-H upon going from the secondary alcohol 

to the acetate. 27 Hence , the acetate group is more than likely on_ 
the 

secondary carbon atom and the hydroxyl is on the tertiary carbon atom. 

The reaction o f  2-phenylnorbornene with buffered peracetic acid 

yielded (LXII) , analogous to the same reaction with 2-�-anisylnor-
28 

bornene . 

The phenyl epoxide reacted easily with lithium aluminum hydride 

in ether solvent , somewhat surprising in view of the difficulty of 

reduction of norbornene oxide itsel f .  The reaction goes cleanly to 

yield 3-endo-phenyl-2-�-norbornanol ,  a compound which has been re­

ported. 29 

The reaction of phenylmagnesium bromide with (LVII) yielded 

3 , 3�diphenyl-2-�-norbornanol ,  (LXIII) , in good yield , as shown in 

equation 23 . Assignment of structure (LXIII) was made in view o f  

the lack of a benzylic proton absorption in the nmr spectrum. A 
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hydroxyl stretch is observed in the infrared at 3586 cm- 1 , no free 

hydroxyl stretch being seen.  This amounts to a �v value o f  33 cm-1 , 

( relative to !!2-norbornanol33) comparable to the value o f  30 cm-1 for 

3-�-phenyl�2-�-norbornanol . 30 

PhMgBr 

Ph Ph 

(LVII)  (LXIII) 

D .  �-Anisylcyclohexene Oxide 

(23) 

In view of the differences in chemical and spectral behavior of 

(LIV) , (LVII) , and (LVIII) it was felt that the �-methoxy substituent 

may exert some powerful influence upon the oxirane ring by virtue of 

extended conjugation. 

�-Anisylcyclohexene , s�plied by Dr .  M .  Watsky of this depart­

ment yielded � hydroxyacetate upon reaction with buffered peracetic 

acid, and saponification afforded a diol ; the first of these reactions 

being analogous to that of £-anisylnorbornene . 28 Reaction o f  the diol 

with hydrochloric acid in THF , however , led to the pinacol rearrange­

ment product , 2-£-anisylcycloqexanone . 

The �-anisylcyclohexene oxide was prepared from the olefin by 

the method o f  Payne and isolated in moderate purity as a pale yellow 

liquid. In a manner analogbus to that o f  the 2-phenylnorbornene oxide, 



(LVII) , the arylcyclohexene oxide added methanol across the carbon­

oxygen bond . 

D .  Reassignment o f  the Structure o f  (LIV) 

111  

In view o f  the above mentioned anomalies , a reinves tigation of  

some ·of the rather fundamental data concerning (LIV) was undertaken. 

As mentioned in the introduction ( p .  67) , a molecular weight determin­

ation by the Rast method,  (F . B .  Strauss , Oxford , England) , indicated 

a molecular weight somewhat below 200 . In two separate molecular weight 

determinations by the vapor pressure osmometry method ,  ( Galbraith Labor­

atories , Knoxvil l e ,  Tenn . )  values of 428 and 419 , (HCC13 and THF solvents ,  

respectively) were obtained. 

The mass spectrum was redetermined but this time a scan was per­

formed from m/e 450 down. A small m/e 432 peak was observed as well 

as m/e 232 , 216 , and 200 . The mass spectral data are l isted in Table 

XIX . ( p .  1 1 4) . 

I t  soon became obvious that s tructure (LIV) was not the correct 

assignment for the high melting solid.  Rather , the dim�r of (LIV) , 

structure ( dl) , (Figure 2 3 ,  p .  112) ,  fits all the data . Three other 

dimeric structures are also theoretically possible ,  and all four dimeric 

structures are shown in Figure 23 .  Structures (LIV) ( d2) and (LIV) ( d3) 

were determined indefensible on purely mechanistic grounds . In equation 

23 the pathway necessary for the formation of these two isomers is shown. 

The formation o f  the .secondary carbonium in step ( 23(B) )  is indefensible , 

since it would be much less stable than the tertiary aryl carbonium ions 

solely involved in the al ternative pathway, ( equation �4) . 



::n:tJ 0 

s3 �3 

( dl )  ( d2) 

( d3) ( d4) 

Figure 23 . Po ssible structures for the dimer of LIV .  
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d:(o: 
E,-An 

> �H 
+ c;q{t) (23) �� OH 

A E,-An B . -An 

A +  B ---)� (LIV) ( d2) or (LIV) ( d3) 

Formation o f  isomer LIV(d3) :would also require such an intermed-

iate , and hence both structures are discarded as being of any consequence. 

Structures LIV( dl) and LIV(d4) , however , can be thought to 

form by pathway 24 depicted below. 

2 
�H 

A E,-An 

--->� (LIV) (dl) or (LIV) ( d4) ( 24) 

Structure LIV( d4) may be excluded on the ground that the aryl rings 

- �-must be ciS with respect to one ano.ther ,  said cis orientation being re--. --- ---
quired to explain the unquestionable evidence of restricted rotation 

and the- extremely upfield absorptions of two of the protons at 6 . 42 o 
and 6. 53 & 

The dimeric dioxanate structure, :  LIV( dl ) , is compatible with the 

nmr and mass spectral data , Table XXV, and especially with the nonre-

activity o f  ·the compound, its high mel ting point , and insolubility in 

some ·common organic solvents . 

The probable mass spectral degradation pattern is depicted in 

Figure 24. The degradation is believed to follow a dual scheme, the 



TABLE XXV 

MASS SPECTRUM .OF £-ANISYLNORBORNENE 
OXIDE DIMER 

m/e % Intensity 

432 (P) 0 . 86 

233 0 . 43 

232 0 . 30 
216 (m/2.) 0 . 60 

201 5 . 05 

200 73. 30 

1.7 3  14 . 33 

17� (Base) 100 . 00 

15"7 11 . 28 

135 19 . 76 

128 6 . 36 

1 21 8 . 85 

114 
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m/e 172 

m/e 432 

+ 

m/e 135 

Figure 24 .  Mass spectral degradation of £-anisylnorbornene-2, 3 -
�-oxide dimer . 



upper path being analogous to that of 1 , 4�dioxan itself ,  the main 

fragment of which corresponds to ionized ethylene . 31 

E'. Note Added in Proof 

116 

41 During manuscript prepaTation a publ ication appeared describing 

much the same conclusions expressed in Section E .  Nonetheless , these 

results and observations were reported herein in view of the more com-

plete nature and thorough analysis of the problem presented here . 



CHAPTER lit 

EXPERIMENTAL 

A. Introduction 

The -same remarks as regard melting po ints , uv, 60MHz nmr ,  mass , 

and ir ·spectra apply here as in Part A ( p .  50) .  

The ultrahigh nuclear magnetic resonance spectra for the spin 

decoupling , computer matching , and high temperature experiments were 

obtained with the use o f  a Varian HA- 100 nmr spectrometer , (University 

o f  Tennessee , Knoxville,  Mr . Bill Peed , operator,  and University of  

Sydney, Sydney , Australia , Dr . Sever Sternhell  and G.  C .  Brophy, opera­

tors) . 

For the column chromatogt·aphy , Alcoa "F·- 2011 alumina was used on 

a 4 '  column with 1" bore , fitted with a teflon stopcock . Approximately 

25 g alumina packing were used for every gram of crude mixture . The 

column was eluted wi th lo� boi ling lLgroin -ether mixed solvent . 

B .  Preparation and Reactions of Aryl Suhstitued Norbornene 

Oxides and Derivatives 

1 .  Preparation of the Dideuterio Derivative ·2f (LIV) !2! Quantitative 

High Temperature Nuclear Magnetic Resonance Experiments 

a. Deuteration of anisole . Anisole ( 1 7 . 5  g, 0 . 162 mole) was 

treated with 105 ml n-butyllithium in cyclohexane - solution ( ca 0 . 168 M 

Foote Mineral Corporation) at reflux temperature under nitrogen for 

forty-eight hours according to the method o f  Hendrix. 33 Then , the 

1 1 7  



·u.s 
mixture was cooled and hydrolyzed with 99 . 5% .deuterium oxide (excess) . 

The mi.xture was stirred for one hour , filtered , the organic phase . sepa-

· rated, washed and :dried. The · solvent was evaporated and the above proce-

.dure · was repeated exactly . This yielded a good quantity of � , 6 •  
dideuterioanisole,  the nmr o f  which indicates greater than .70% deuterium 

incorporation. 

b .  Brominat;on of  dideuterioanisole . Some of the above product 

( 5 . 51 g ,  0 .05IO mole) was brominated according to the method described 

�by Shirley , 
34 

utilizing 2 .  93 ml (8 .80 g ,  0 . 055 0 mole). A 64:. o� (6 . 12: g) 

�ield of 2 , 6-dideuterio�4-bromoanisole was obtained. 

c .  Further steps � the preparation of � deuterio derivative . ' 
As described by Dye28 the bromoanisole was treated with magnesium, 

this .adduct added to r.orcamphor, and the resulting alcohol dehydrated. 

The deuterated �-anisylnorbornene was treated with buffered peracetic 

acid , and . the hydroxyacetate was reduced to the diol . The diol was 

treated in a .manner analogous to that described by Kleinfelter and Long , 1 

to yield the deuterio analog of (LIV) . 

2 .  Reaction o f  Buffered Peracetic � with 2-Phenylnorbornene 

The alkene , ( 25 . 5  g ,  0 . 150 mole) , prepared according to the method 

of Kleinfelter , 29 was dissolved in 100 ml chloroform and cooled to -l0 °C .  

A slurry of 77 . 8  g ( 0 . 404 mole) 40% peracetic acid and 22 . 9  g anhydrous 

sodium sulfate was added slowly according to the method of  Kleinfelter 

d Dy 
26 , 28 , 29 Th 1 i 11 d an e .  e .so ut on was a owe to warm up to room tempera-

ture and was stirred overnight,  and then excess sodium bisulfite was 

added, and the mixture was poured into water . The resulting aqueous 
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mixture was extracted with chloroform with heavy salting of the aqueous 

phase. Drying of the organic phase and flash evaporation yielded 30 . 1  

g o f  yellowish orange oil , the ir of which showed hydroxyl and acetox}rl 

functions and nmr of which show:!d it to be 2·-�-phenyb-3-�-acetoxy-2-

norbornanol .  The yield o f  crude oil product was 82 . 7%. 

Infrar§d data: 347 2 ,  2900 , 1739 , 1370 , 1234, 1 140 , 765 , and 695 

cm-1( cs2) .  

Nmr .data, ( ca 10% (w/v)Ccl4) :  7 . 24 o (mult iplet , aryl ) , 5 . 05 o 

{doublet , H3�endo) ,  2 . 23 o (H1 , H4) ,  1 . 85 o ( sharp singlet , acetoxy 

methyl} , 0 . 8- 1 . 5  o ( complex multiplet , H5 , H6 , H7) .  

3. Reaction of !!!!E!�Chloroperbenzoic Acid with 2-Phenylnorbornene 

The olefin ( 5 . 00 g ,  0 . 0290 mole) was dissolved in 50 ml chloroform 

in a flask equipped with a dropping fun·nel ,  reflux condensor , magnetic 

stirrer , and a methanol-ice cooling bath . To this solution was added 

11 . 1  g ( 0 . 0770 mole) sodium benzoate and the temperature was brought 

to -l0 °C .  The peracid, ( 10 . 5  g ,  0 . 0610 mole) purified by washing with 

a phosphate buffer of pH 7 . 5 , 35 was added dropwise as a solution in 130 

ml chloroform. A gentle temperature rise was noted upon addition , and 

the mixture stirred in the cold for 1 . 5  hrs . Next , 100 ml of 20% 

sodium bisulfite solution was added, followed by sol id sodium bicarb-

onate to effect neutrality ,  and the mixture was allowed to warm up to 

room temperature .  This mixture was extracted with chloroform, the 

extracts washed , dried , and the solvent flash evaporated . A yellowish 

oil was obtained ( 4 . ID  g) , the ir of which revealed both hydroxyl and 

ester carbonyl functions to be present . The nmr spectrum indicated a 
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possible mixture o f  the desired epoxide and 2··endo-phenyl-3-!!_-chloro -

benzoyloxy-2�norbornanol .  No further attempt at characterization was 

undertaken. 

4 .  Payne Oxidation 2£ 2�Phenylnorbornene 

The method of Payne16 was employed for the epoxidation. In a 500 

ml round bottomed flask equipped with a dropping funnel ,  magnetic stirrer, 

ice bath , and nitrogen atmosphere was placed 54 ml anhydrous methanol , 

90 . 3  g ( 9 . 00 ml , 0 . 0900 mole) benzonitrile , 1 . 50 g potassium bicarbonate 

and 15 . 0  g { 0 . 0810 mole) 2-phenyln.orbornene . The temperature was brought (• 
to +10 C and maintained during the addition of 6 . 12 g ( 6 . 00 ml , 0 . 0900 

mole) 50% hydrogen peroxide . Stirring at this temperature under the 

inert atmosphere was continued for forty�eight hours . The resulting 

white .suspension was poured onto ice , extracted with chloroform, and 

then ether . ��e ext�acts were combined , dried over anhydrous sodium 

sulfate and flash evaporated . A yellow oil resulted , to which carbon 

tetrachloride was added to precipitate the by-product , benzamide . After 

filtration, the filtrate was flash evaporated and the residual oil was 

vacuum distilled. 1�e yield was 12 . 6  g ( 84. 0%) of clear colorless oil . b 
bp 100-105 C (0 . 8  mm) .  The product was identified as 2-phenylnorbornene-

2 , 3-�-oxide , on the basis of its nmr and ir spectra. 

Infrared �: 2941 , 1307 , 1268 , 1136 , 1125 , 1086 , 1069 , 1028 , 

982 , 962 , 943 , 922 , 895 , 863 , 829 , 797 , 770 , 757 , 7 50 ,  736 , 692 ,  and 

667 cm-l ( CS2) .  

� data: See Table XVII. ( p .  89 ) . 

Uv data: See Table XVIII ( p .  91) . 
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5 .  Payne Oxidation of 2-�-Chlorophenylnorbornene 

The 2-�-chlorophenylnorbornene (mp 50-51 C) was prepared by D .  c .  
Kleinfelter in a manner analogous to that of the .2-pnenylnorbornene .  

A procedure identical to that o f  the 2-phenylnorbornene was 

utilized to prepare the epoxide using 5 . 51 g ( 0 . 0300 mole) olefin ,  3 . 01 g 

( 3 . 00 ml , 0 . 0300 mole) benzonitrile,  2 . 04 g ( 2 . 00 ml , 0 . 0300 mole) 50% 

hydrogen peroxide , 18 ml methanol and 0 , 50 g potassium bicarbonate,  The 

mixture was stirred at 0° C for sixty hours under an atmosphere of nitrogen. 

The solution was then poured onto ice and a white gummy solid was ob-

tained which eventually crystallized . Upon fil tration, 2 . 83 g crude 

product was obtained . This material was recrystallized from 1 igroin 

to yield white needles , mp 44-45c C .  Nmr and ir analyses were very simi-

1ar to those of the phenylnorbornene oxide. The yield was 48. 0%. 

Infrared data: 2935 , 1093, 1011 , 983, 957 , 942 , 916 , 895 , 862 ,  

846, 810, 768 , and 722 cm-l ( cs2) .  

Nmr data: See Table XVII (p.  89 ) . 

�· Calcd . for c13a13ocl : C ,  70 . 75 ;  H ,  5 . 90 ;  C l ,  16 . 10 .  Found: 

C ,  70 . 48 ;  H ,  5 . 83 ;  Cl , 16 . 11 .  

6 .  Lithium Aluminum Hydride Reduction of 2-Phenylnorbornene- 2 , 3-exo-Oxide --- ---- -=---- ----- - -

To a slurry of  0 . 80 g ( 0 . 013 mole) lithium aluminum hydride and 

10 ml dry ether in a round-bottomed flask .equipped with a magnetic stirrer 

and condenser was added dropwise a solution of 0 . 98 g ( 0 . 0053 mole) of 

the ,epoxide in 20 ml ether . The mixture was heated to reflux by the heat 

of the magnetic stirrer and stirred overnight . The resultant mixture was 

cooled and poured onto 150 ml crushed ice . Excess ether was added and 
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the mixture filtered . The organic phase of the filtrate was isolated, 

washed, and dried . F lash ·evaporatio·!l o f  the solvent yielded 0 .  76 g 

of white oil which crystall ized upon cooling . Recrystallization from 

0 
l igroin gave a white solid, mp 50 . 5-52 c .  The ir and nmr spectra were 

29 identical to those reported for 3-endo-phenyl-2��-norbornanol ( lit  

mp 52-53 °C) . 29 A total yield of 0 . 60 g ( 60%) of the phenylnorbornanol 

was realized . 

7 .  Reaction of Phenylmagn�sium Bromide with 2-Phenylnorbornene- 2 , 3-exo­

Oxide 

The Grignard reagent was prepared from 9 . 42 g ( 6 . 30 ml , 0 . 0600 

mole) bromobenzene and 1 . 92 g ( 0 . 0800 mole) magnesium in dry ether as 

described in the experimental section of Part A ( p .  52) .  The organo-

metaUic reagent solution was refluxed for 2 . 5  hours and then cooled. 

To the · cold solution was added an ethereal solution of 5 . 00 g ( 0 . 0270 

mole) of the phenyl�substituted norbornene oxide. Adduct formation 

was noticeably exothermic , the solution changed color from black to 

l ight brown , and a copious precipi�ate was noted . This mixture was 

refluxed for ·eighteen hours , then cooled and hydrolyzed with cold 

water . The mixture ·separated into two layers ,  a white aqueous phase , 

and a yellow, upper , organic layer . The phases were separated , the 

aqueous phase extracted twice with ether and the organic extracts 

combined with the original organic phase . This solution was washed 

twice with water,  then dried.  Filtration and flash �vaporation of 

filtrate yielded a yellow oil . Nmr analysis o f  this crude oil product 

indicated it to be 2 , 3�diphenyl-2-�-ncrbornano� .  The crude oil 
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was purified by column chromatography whereby the hydrocarbon by-products 

( i . e .  biphenyl) were removed with ligroin. Subsequent elution with pure 

ether yielded the pure diphenylnorbornanol as a white oil , ( 5 . 00 g ,  

70 . 4%) . A portion of this was crystallized f�om ether . Two further re-

crystallizations from ether gave a white crystalline solid, mp 77 . 5-77°C .  

Only a bonded hydroxyl vibration was seen in the 0-H s tretching . vibrational -1 region of the ir,  centered at 3586 em 

- 1  Infrared �: 3586 ( ±2 em , CC14) ,  1599 , 1299 ,  1230 , 1130 , 1072, 

1042 , 1010 , 879 , 765, 757 , 744, 734, 718 , 704 , 696 , 674 , and 653 cm-l (cs2) .  

� data ( ca 15% (w/v)CC14) : 7 . 1 2  6 (mul tiplet,  aryl pro tons) , 

4. 43 o:(H2 _endo) ,  3 . 07. o (H1) ,  1 . 98 o and 2 . 20 o (AB doublet, H4, H7_
!E.

) ,  

. 0 . 8  -- 1. 6 o (H5, H6 , H
7 -anti) • 

Aai!· Calcd . for c19H2oO:  C ,  86 . 32 ;  H ,  7 . 63 .  Found: C ,  86 . 08 ;  

H ,  7 .  66 . 

8 .  Reaction o f  Acetic Acid with 2-Phenylnorbornene- 2 , 3-�-Qkide 

The epoxide , ( 0 . 60 gm, 0 . 0032 mole) , was dissolved in 30 ml 

glacial acetic acid and this solution was stirred at room temperature 

for six hours by means of a magnetic stirrer . Then, the mixture was 

poured onto 400 ml ice and this aqueous suspension was extracted with 

·ether .  The organic layer was washed with water , neutralized with sodium 

bicarbonate solution, washed again with water , and dried . Flash evapor-

ation o f  the solvent yielded 0 . 82 g (94%) of pale yellow oil . The ir 

and nmr spectra of this oil were identical to those of 2-�-phenyl-

3-�-acetoxy-2-norbornanol , ( p . ll9) . 
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9 .  Methanolysis o f  2-Phenylnorbornene�2 , 3�exo-Oxide 

The ·epoxide, ( 5 . 0  g ,  0 . 027 mole) , was dissolved in 40 ml absolute 

methanol and stirred for forty-eight hours . At the · end of  this time the 

solution was poured into ice water . This aqueous suspension was extracted 

with ·ether, the organic layer separated , washed with water, and dried. 

Flash evaporation o f  the solvent yielded 6 . 2  g crude yellow oil which was 

vacuum ·distilled, yielding 5 . 7  g clear , colorless oil (bp 108-ll0° C ,  

0 . 6  mm) . Nmr and ir analyses proved the structure to be that of 3-�-

phenyl-3-�·methoxy-2-�·norbornanol .  

Infrared data: 3516 ( ±2 cm- 1) ,  (CC14) ,  2940 , 1389 , 1285 , 1258 , 

1128 , 1086 , 1009 , 994 ,  950 , 919 ,  902 , 768 , 756 ,  733 , and 702 cm·1 , (cs2) . 

!!£ �' ( ca 20% (w/v) CC14) :  7 . 41 o (multiplet , aryl) , 3 . 98 o 

( doublet of  doublets , H2_endo) ,  2 . 93 o (singlet , OCH3) ,  2 . 83 o (�, ( ?)) , 
2 . 08 o (H4 , n7_!ln ( ? ) ) , 0 . 9 -1 . 7  o (complex multiplet , H5 , H6 , n7_anti> · 

A tosylate was prepared, and recrystallized three times from ether , 

yielding a white , crystalline material , mp 135-137 °C .  

Anal . Calcd . for 2-�- tosyloxy-3-�-phenyl-3-�-methoxy-norbor-

nane , C21H24S04 : C ,  6 7 . 47 ;  H ,  6 . 45 .  Found: C ,  6 7 . 71 ;  H ,  6 . 43 .  

C .  Preparation and Methanolysis of £-Anisylcyclohexene 

1 .  Reaction � Buffered Peracetic Acid with £-Anisylcyclohexene 

To 10 . 0  g ( 0 . 0540 mole) £-anisylcyclohexene , mp S0-51 C ,  gener-

ously supplied by Dr . M .  Watsky , (prepared by the KHS04 dehydration o f  

l-£·anisylcyclohexanol) dissolved in 20 ml chloroform was added a slurry 

of  12 . 5  ml peracetic acid ( 40%) , ( 0 , 0660 mole) , and 2 . 5  g powdered 

anhydrous sodium acetate according to the procedure of Dye . 28 The 
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temperature was maintained at  0 °C during addition and then continued 

at 10 °0 for sixteen hours . EY-cess sodium bisul fite and sodium bicarb-

onate were then added and the mixture was extracted with chloroform. 

The organic layer was w�shed ,  dried , and the solvent flash evaporated . 

This yielded 11 . 5  g of yellowish white oil , which sol idified into a 

hard mass on s tanding for a few minutes . This material was recrystall-

ized from ligroin ( bp 60-80°C) , giving 8 . 24 g fluffy white crystals , 

mp 194-196 °0 .  

·rhe infrared spectrum of this compound showed both hydroxyl and 

acetoxyl moities to be present . The I'.mr sugges ted that the compound 

had a tertiary hydroxyl a·n.d seco·.r:dary acetoxyl group due to the 

absorptio:�. at 5 . 27 O· The corresponding proton o f  cyclohexanol absorbs 

at 3 . 51 o ,
36 

whi l e  that of the acetate absorbs at 4 . 58 o .
36 

Such a 

downfield absorption would probably be due to the proton adj acent to 

an acetoxyl group rather tha·11 '' hydroxyl group . The yield was 58%. 

Infrared data � 3505 , 2920 , 1 738 , 1568 , 1335 , 1268 , 1 2 1 8 ,  1 147 , 

1076 , 1040 , 993 , � 7 2 ,  948 , 868 , 852 , 826 , 803 , and 795  cm- l  ( cs2) .  

� data (ca 5%  (w/v) CC14
) : 7 . 10 0 ( AA ' BB '  quartet , aryl ) , 

5 . 2 7  o (H2 ) , 3 . 8l o (OCH3) , 1 . 78 o : (acetoxy-cH3) , 1 . 5-2 . 1 o ( ring 

pro:ons) .  

Anal .  Calcd for c15H17o4 : C ,  68 . 16 ;  H ,  7 . 63 .  Found: C ,  6 7 . 90 ;  

H ,  7 .  26 . 

2 .  Saponification o f  1-£-Anisyl-2-acetoxy-cyclohexanol 

The saponification procedure of Kleinfelter and Schleyer was 

employed. 3 7  The hydroxyacetate ( 6 . 6  g ,  0 . 025 mole) was added to a 
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solution of 2 . 1 g ( 0 . 038 mole) potassium hydroxide in 15 ml o f  water 

and 96 ml 95% ethanol . The solution was contained in a round-bottomed 

flask equipped with a condensor and heating mantle and was brought to 

reflux. Refluxing was maintained for 2 . 5  hrs and then the ethanol was 

evaporated on the steam cone . The resulting concentrate was poured 

onto 500 ml ice and the resultant mixture filtered . The mass of 

yellowish crystals obtained was taken up in chloroform and l igroin was 

added to the saturation point . In this manner ,  4 . 25 g ( 75%) white , 

solid diol , mp 100-102�C ( li t .  value 106 -107 °C) 39 were obtained . No 

carbonyl absorption could be ob �erved in the ir.  

Infrared data: 3505 , 2938 ,  161.5 ,  1511 , 1469 , 1450 , 1306 , 1248 , 

121 2 ,  1178 , 111 1 ,  1070 , 1058 , 1037 ,  1000 , 972 ,  869 , 832 ,  and 807 cm
-l 

(HCC13) .  

�· calcd . for c 13H17o3; C ,  70 . 24 ; H, 8. 16 .  Found: C' 1 70 . 49 ;  

H ,  8 . 23 .  

3 . Reaction .2!, l"R �Anisylcy_clohexane P.!Ql with HC1 /THF 

The diol , 1 . 5  g , ( 0 . 0070 mole) was dissolved in 10 ml THF . To 

this was added 5 ml cone hydrochloric acid , and a color change to yellow 

and a temperature rise were noted. The solution was heated with s team 

for 10 minutes during which time the color changed to green. More water 

was added ( 10 ml) , and heating was continued until a brown oil settled 

from the solution. The solution was cooled in an ice bath , water added , 

and a yel low, crystall ine product was obtained, which was filtered and 

recrystallized from l igroin bp 60-80°C . The infrared spectrum showed 

a strong carbonyl absorption and no hydroxyl stretch was observed. The 
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compou�d was assumed t o  be the pinacol rearrangement product ,  2-�-

anisylcyclohexanone . A second recrystal lization gave pale yellow crys­

tal s ,  ( 0 .  70 g ,  50%) , of mp 8 7 -88° C ,  ( lit . value 89 . 5-90° C} . 40 

Infrared �: 293 5 ,  1719 , 1610 , 1 250 , 1 1 8 2 ,  1126 , 1045 , 834 1 

- 1  
824 , 817 , and 807 em (CS

2
} . 

�. Calcd. for c13a15o2 : C ,  76 . 44 ;  H ,  7 . 90 .  Found : C, 76 . 45 ;  

H ,  7 . 74 .  

4 .  Pa�e Oxidatio� � a���isylcyclohexene 

A mixture of  10 . 0  g (0 . 0530 mole} of  the olefin ,  4 . 90 g (5 . 10 ml} , 
�.0530 mol�, benzonitrile , 1 . 02 g potassium bicarbonate , and 40 ml 

absolute methanol were placed in a round-bottomed flask equipped as in 

the case o f  2-phenyl.norbornene , p .  1 20 .  ·rhrough the dropping funnel 

were added 3 . 82 g (4 . 00 ml , 0 . 0530 mole) 50% hydrogen peroxide . Thi s 

mixture was s tirred a t  room temperature for twelve days , at the end o f  

which time it was poured onto ice . Thi s aqueous suspension was extracted 

with ether and the organic layer dried . Flash evaporation o f  the solvent 

gave a yellow oil . 1he nmr spectrum o f  the oil gave evidence of  the 

epoxide by virtue of  the broad singlet centered at 3 . 10 o due ·to the 

oxirane CH ( analogous proton in cyclohexene oxide , 3 . 05 6} .
38 A small 

amount of olefinic impurity was present as evidenced by a small absorp-

tion at 5 . 95 o (olefinic proton: of £-anisylcyclohexene) . The oil was 

taken up in low boil ing l igroin , charcoaled , <md the solut ion cooled 

in a dry ice-acetone bath . An impure , low melting solid was obtained , 

which was recrystal lized , . giving 3 . 0  g white crystalline material which 

melted at room temperature . The nmr spectrum of  this oil indicated the 
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pure ·epoxide due to the absence of olefinic absorption. �he yield was 

28 . 0  %. 

Infrared �: 2900, 1637 , 131 5 ,  1180 , 1041 , 993 , 972,  889 , 847,  

829 , 802 ,  and 789 (cs2) . 

� .� (ca 15% (w/v) ccl4) : 7 . 17 o (AA 1BB ' quartet , aryl protons) , 

3 . 82 o (sharp singlet , OCH3) , 3 . 10 o (triplet , H2) , 1 . 33-2 . 62 o (cyclo­

hexyl protons) .  

4 .  Methanolysis � �-Anisyl�yclohexene Oxide 

The oxide , 1 . 0  g , (0 . 0049 mole) , was dissolved in 10 ml absolute 

methanol and stirred at room temperature by means of a magnetic s tirrer 

for four days . The solution was poured into water and the organic 

compound was extracted with ether . The ether layer was washed with 

water and dried . The solvent was flash evaporated yielding 0 . 73 g yellow 

oil . The infrared spectrum showed a strong hydroxyl peak. The nmr 

spectrum was poorly resolved but ·showed no oxirane hydrogen absorption. 

Two alkyl methoxyl peaks were observed in an approximate . 3:1 ratio. 

A diffuse hydroxyl peak was detected by exchange with deuterium oxide . 

This suggests the oxirane ring of this compound can be opened with 

methanol as with the 2-phenylnorbornene oxide . No further attempt at 

·Characterization was made . 

Infrared data : 3510 , 2938 , 1609 , 1304, 125 2 ,  1 210, 1181 , 1 11 1 ,  

- 1  1085, 1045 , 995 , 916 , 874 ,  823 , 805 , and 795 em (CS2) .  

� data (ca 15% (w/v) CC14) :  7 . 08 o (overlapped AA��B 1 quartets, 

aryl ·:protons) , 3 . 68 o (eharp singlet , aryl OCH3) ,  2 . 83 o, 2 . 92 o 
(sharp singlets , alkyl OCH3 1 s) , 1 . 0-2 . 1  o (complex multiplet ,  cyclohexyl 

protons) . 
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1 .  Reaction o f  m-Chloroperbenzoic Acid with 2-£-Anisylnorbornene . 28 - - - ---=--........;. ____ _ 
A procedure analogous to that with 2-phenylnorbornene, p .  119,  

was employed utilizing 5 . 4  s ( 0 . 027 moleA 2-p-anisylnorbornene , 98 ml 

chloroform, 5 . 6  g sodium benzoate , and 5 . 3  g, ( 0 . 031 mole� purified 

m-chloroperbenzoic acid . The reaction time was one hour and upon 

usual workup 5 . 0  g of white oil was obtained , the nmr and ir spectra 

of which indicated a hydroxy-m'"'chlorobenzoate . 

2 .  16 Payne Oxidation of 2-_£-Anisylnorbornene 

An analogous procedure to that used for 2-phenylnorbornene 

(p. l20) was followed utilizing 5 .  0 g, �0 . 025 mole of the olefin ,  2 .  7 g , 

(0 . 027 mo�� benzonitrile, 0 . 43 g potassium bicarbonate , and 1 . 8  g , 

(0 . 027 mo16 , 1 . 9  ml 1 50% H2o, and 18 ml . MeOH. The temperature was main­

tained at 0° C for sixty hours . Workup in the usual manner yielded an 

oil , :the s pectrum of which indicated at least three components ,  i . e . , three 

dis tinct aryl methoxyl peaks • No further attempt at characterization 

o f  the mixture was undertaken . 
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