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ABSTRACT 

2-endo- Hydro xy - 2-phe nyl-3-e ndo-am�nono rbornane-5, 6 -

exo-d2 was synthes i zed a nd subj ected t o  nitrous ac id deami­

nat ion i n  glac ial acet ic ac id.  From the cationic rearra nge­

me nt reaction e ight products were isolated by l iquid e lution 

chromatography a nd ide nt ified by nuc lear magnetic  reso na nce 

spectroscopy . 2-exo-Hydroxy-2-phe nyl-3-endo-aminonorbornane 

was also sy nthes ized and deaminated unde r s imi lar conditio ns .  

The product y ie lds from this compound as we l l  as the product 

y ie lds from the 2-endo-hydroxy amine were determined by 

vapor phas e chromatog raphy . 

From a n  ex amina t io n  of the deuter ium distr ibution in 

the products o f  the deuterated amine and from the y ie lds of 

products from both amines it was pos s ible to co nstruct a 

reaso nab le react io n  seque nce for the deaminat ion react ion. 

In add it ion, because of  the deuter ium dis t ribut io n i n  the 

products , it was conc luded tha t the intermediate ions in the 

react io n  are pr inc ipa l ly c lass ic a l  in nature . 

i i i  
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CHAPTER I 

INTRODUCTION 

Carbon ske letal rearrangements can frequently . be 

init iat ed by the nitrous ac id  deaminat ion o f  primary amines . 

In gene ra l, the carbonium ion so produce d.engages in the 

same types of react ions that are attributed to s imilar ions 

produce d  unde r solvolyt ic cond it ions . 1 Ho we ve r, the e xtent 

of rearrange ment that occurs is us ua lly g re ate r in the ion 

result ing from deamination . 

The format ion o f  the in it ial d iazonium cation ( RN2+) 

does not appea r  to be in d ispute .2 The process was fo rmu­

lated in 19 2 8 ,  and the reaction- rate e xpress ion was g i ven 

by t he following equat ion . 3 

v k ( RNH2) ( HN02) 2 

The function of the nitrous ac id is to supply dinitrogen 

t rio xide as illust rate d . 

2 HNONO -- O=N-0- N=O + H20 

NO+, ho we ve r, is a more act ive nitrosat ing agent than· N203• 

It is pro duced  in the presence o f  a . s t rong ac id . 

1 



2 

HONO + 2 H+ - H30+ + NO+ 

A s t rong ac id  though is not des ir�b1� espec ia1ly when deal-

ing with a romat ic amines as the fo llowi ng reac t ion can 

occur. 

ArNHz + + + H .- ArNH3 

Acet ic ac id is a goo d  cho ice as it is not s t rong enough t o  

form a salt but st ill  i s  ac idic enough t o  b e  a reasonably 

good p roduce r of NO+. 

Though the fo rmat ion of the d iazonium salt is fai rly 

we l l  unde rstood,  the route to the carbonium ion from the 

d iazonium cat ion is a.subj ect which is litt le unde rstood and 

is open to quest ion. The d i fficult y lies in that t he 

decompos it ion of  RNz
+ 

is e xt reme ly  rap id, too rap id to 

measure .  This is the most not iceable di ffe rence be tween 

convent ional so l volyt ic react ions and d iazonium s alt 

decompos it ions . Sol vol ys is of  hal ides or  sulfonates t yp i ­

c a l l y  requi re ac t i va t ion ene rg ies of  2 0  kca l /mole while the 

qia zonium salt 's requirements are est imated at no mo re than 

5 kcal/mo le . Th is est imate is base d upon the i r  "immeasure-

ab ly fast " react ion rates . 

Ne ve rthe less , it  is poss ible to compare the process 

of d ia zo t i zat ion with that of so lvo l ys is . It appears that 



3 

deaminat ion with nitrous acid diffe rs fundamentally  from 

so lvolysis in at l east two ways .
4 

1. The N2 le aving g roup bea rs no charge and 

the re fore charge-charge i nte ract ions in the 

t rans it ion state ( s ) for its departure are 

smal l or  absent . 

2. Molecular N2 is an e xcept ionally stable 

ent it y and the driving force fo r its 

format ion is e xcept ionally -high . 

The react ions of  diazon ium salts the n were fo rmally  

rationalize d  on  e ithe r of two bases .5 

1 .  Depa rture of N2 leaves a "hot "  carbonium ion, 

i . e . , it requires less e ne rg y  · than sol volys is .  

It is -less se lec t i ve in its react ions . S o  the 

"hot "  ion rep resents the d is t ribution po int in 

the react ion sequence . 

2. The dis t ribut ion po int is locate d earl ie r  in 

the mechanism. The products are de rive d  not 

from "hot "  carbonium ions but rathe r from 

diazonium cations . These ions require but 

lit t le act i va� ion ene rgy  for reaction, a re 

re lat ive l y  unse lective ,  and d istribute them- . 

se lves among se ve ral  react ion paths , one of  

th 1 . d . CJ' t th " . 1". . . 6 em ea �n6 o · , e _coo .. 1on . . . 
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The latter hypothes is was shown to be incorrect by the work 

of Co llins, Benj amin , et a1 . 7 The diazonium cat ion does not 

represent a distribut ion po int for the react ion . The other 

hypothes is is st ill va lid and impl ies the ide a of the com-

press ion of the norma l act ivat ion energy differences for 

compet ing processes into a narrow range that permits the 

occurrence of react ions that are not observed in norma l  

solvo lys is. A s  an exper iment al  result one generally 

observes more products ar is ing from the deaminat ion of an 

amine rather than from the so lvolys is of the correspond ing 

halide or sulfonate . A genera l rule can be st ated that of 

two react ing systems , each of wh ich can be part itioned into 

a number of product-forming paths , the more react ive state 

will  be the less se lec t ive one . I t  is in terms of this 

rule that most deaminat ion react ions can be expla ined . 

In  the de aminat ion of br idged bicyc l ic compounds , 

Wagner-Meerwe in rearrangements , hydride shifts , and so lvent 

capture compete toge ther for this same ion and do so rather 

successfully . �n the deaminat ion of derivat ives of 

bicyc lo [2 . 2 . l]heptane the percentage of re arrangement seems 

to be comparat ive ly insens it ive to d ifferences in conf igu­

rat ion , i . e . , �- or endo-amine , or re act ion med ium . 8 

In solvolys is. though a difference is not iced and the 

extent of rearrangement incre ases as the nuc leophilic ity 

of the so lvent increases . As compared with al iphat ic 
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amin�s, the bridged bicyc lic sys tems have an important 

advantage over the ir chain counterparts in forming meso-

mer ic cat ions . Whereas.the open chain system usua lly must 

sustain a large entropy loss when the chain al igns itself 

for proper three-center interact ion of a ne ighboring carbon 

with the migrat ion terminus , 2 this pena lty. is not extracted 

from the bicyc l ic cases . In the bicyc l ic cases the 

ne ighbor ing carbon is already rigidly f ixed in the proper 

pos it ion . 

The deaminat ion of a bridged bicyc lo[2 . 2 . l]hepty l 

amine was f irst reported in the research literature in 1934 

by two different groups , Komppa and Beckmann , and Ad ler, 

Ste in ,  Ro land , and Schulze . 9 Both groups de aminated the 

3 -exo-methyl-2-endo-norbornylamine and the ·3 -endo-me thyl-2-

�-norborny lamine in aqueous acetic ac id and sod ium nitrite 

to g ive a mixture of acetates and alcohols . Later in 193 7 

Hucke l and Nerdell  reported the format ion of substant i a l  

quant it ies o f  a-terp ineo l ,  camphor , and camphene hydrate 

from.the deaminat ion of borny lamine ( Figure 1) . 1 0  At the 

same t ime an.interpretat ion suggest ing two different routes 

was of fered ( F igure 2 ) . This interpretation was c larified 

by Nevell , de
.
Salas , and Wi lson in 19 3 9  and became the f irst 

suggestion in the-rese arch literature of the existence of 

1 t d b . . 11  
e lectronic deloc a izat ion in  a s atura e car on1um 10n . 
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F igure 1. Deaminat ion o f  bornylamine . 
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rther 

Figure 2. Mechanism for formation of a-terpineol. 
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Hucke l and co-workers in 1947  and in 1 9 5 4  reported 

on the nitrous ac id de amination of endo- and �-fenchyl­

amines . 1Z In add it ion to other products the endo amine 

formed a- terp ineo l ,  but th is compound was miss ing as a 

product from the exo amine . Berson in comment ing on these 

puzzl ing.results concluded that a-terpineo l·must proceed 

from either cat ion "A" o·r its br idged var iant "B . "  

"A" "B" 

No exp lanation was ventured at this t ime for the lack of 

format ion of a-terp ineol from the exo amine . 13  Ion "B" is 

an example of what has come to be known as a nonclassical 

ion . The ion is def ined to be nonc lass ic a l  if its ground 

t t h d 1 l i  d b d. . 1 t 14 Ad . t s a e as e oca ze on 1ng s1gma e ec rons . m1 -

tedly this def inition may need restrict ing when d iscuss ing 

other compounds such as phenonium ions but it is perfec tly 

adequate for bicyclic compounds . In 1949  Winste in and 

Tr ifan in a published communicat ion prov ided an impetus for 

the nonc lass ic a l  ion concept . They reported that based on 
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c hemica l  an d kinet ic e vidence the norborny l  c at ion possessed 

15 a nonclass ical structure and containe d  a p lane o f  s ymmet �y .  

In such an ion,  

6 2 

C 6-C1 an d C6-Cz would have bond lengths dif ferent from those 

that would be char acter is t ic of the open c lass i cal ion . 

Bec ause o f  the part ial covalenc y bet ween C6, C1, and Cz  

bimolecular attac k at  e ither C1  or . C z  would occur with 

Wa lden invers ion, i . e . ,  attack would occur from the 
"
d 

16 
tops 1 e .  

I 1 1 . h. . 11 . t d . . t .  
17 

n so vo ys 1s a n  anc 1mer 1ca  y ass 1s e 10n1za 10n 

is respons ible for the format ion o f  the nonclassical ion . 

Not only are the br idg ing and the ionizat ion s i multaneous 

acts but the br idg ing ass ists the ion ization as e videnced by 

a very  large rate increase as compar ed to s imilar c ompo unds 

that do not unde rgo anchimer ic ass istance dur ing solvo l ­

ys is . 17 · Ho we ver , in deaminat io ns which are held t o  generate 

c arbo nium io ns in unass isted f ashion a nonc lass ic a l  ion must 

form subsequent to ionizat ion . In e ither case there rema i ns 

the quest ion o f  whether the structure in which the migr at ing 

group forms a b r i dge to the other carbon atom is a 
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re lat i ve ly stable interme diate or j us t  a trans ient on the 

way to a ne w rearrange d  carbonium ion.  

In 196 1  Collins , Benj amin, and Wilder while working 

with aliphat ic amines made the follo wing cont ribut ion con-

cerning the replacement of the amino group by t he hydroxy l  

18 group. This rep lacement with pre dominant invers ion o f  

conf igurat ion (Walden invers ion) h a d  pre vious ly been 

ascribe d  t o  direct disp lacement through an "S N2"- like 

p rocess.  The ir alternate explanat ion suggeste d that open 

nonbr i dge d ions do not suf fer at tac k equally from both 

s ides by the enter ing group . This , the y reported, had been 

demonstrate d for the 1, 2 , 2-tr ipheny lethy l  carbon ium ion. 

In l96 3  Core y ,  ·Casano va,  Vatakencherry ,  and Winter 

a f ter investigating the deaminat ions of bot h  the exo- and 

endo -no rbo rnylamines in acet ic ac id  reporte d essent ia lly 
' 19 the s ame conclus ion. They  conc lude d  that the norbornyl-

amines in ace t ic ac i d  produce an unsymmetrical, essent ially 

c lass ic a l  carbonium ion . 

The fo llo wing year Be rson and Remanic k repeate d 

essent ially the same experiment , di f fer ing only in the 

method of pro duct a nalys is. 2 0  Us ing cap illar y  gas chroma-

tography. t he y · were able to·extend the :·.limit o f  detectabi lit y 

o f  pro ducts.  Berson and co - workers disagree d not only with 

Core y 's conc lusions but also with the expe �imenta l results.  

T�e y report that the ir results do not require the postulate 
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of  a common carbonium ion precursor of  the produc ts from 

the two amines. 

P .  D .  Bartlett in a commentary d iscuss ing the results 

of both Corey and Berson stated that the diff erent conc lu-

s ions reached by the two teams ref lect "· • •  attempts to 

push the data to the l imit of the ir accuracy under dif ferent 

condit ions , without any way of es tabl ishing what the ult i­

mate l imits of rel iabil ity of the data real ly were."21 

Berson in continuing his inves t igat ion of de ami-

nations and re lated react ions reported in 19 6 7 a rather 

extens ive investigat ion involv ing the solvolys is and the 

nitrous ac id deamination of methy lnorbornylamines and the 

22 corresponding bro sy lates. In study ing the rat io of 

nuc leophi l ic capture of cat ions at Wagner-Meerwe in-re lated 

s ites the group reached the conc lus ion that the r a t ios 

observed in so lvolyt ically produced ions app ly also to 

de aminative ly produced ones , the maj or difference between 

the two processes be ing the excess of "direct substitution" 

observed in deaminat ion. This conc lus ion is the same as 

what was hypothes ized ear l ier in that cat ions from deami-

nat ion in general undergo the same react ions as those 

produced from so lvo lys is. 

Therefore , it would be e�pected that the results of 

Co ll ins , Benj amin , and Ponder published in 19 6 6 concerning 

the so lvolys is of the 2-endo-pheny l-2-hydroxy-3 -norbornyl­

tosy late would have some app licat ion in the corresponding 
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ami ne . 2 3  The group demonstrate d a stereospecif ic e limina-

t ion o ;f  deuter ium and st�reospec i f ic 5 ,  4· ·mi gration (corre-

sponding to a 6 ,1 migrat ion in unsubstitute d norbornane ). 

In addit ion they also demonstrated t hat in hy dro lys is 

consecut ive hy dri de shif ts are pO$s ible . These s ame rea r-

rangeme nts would be expecte d to occur in a deamination 

reac tion but because of the �ompresse d ener gy sca le the 

re lat ive importance o f  each would be altere d. The processes 

-t hat are s lo w  to occur dur ing solvo lysis because of  high-

ener gy barriers would be more likely to occur when th is 

scale is compresse d by  the generation of  t he so-calle d 

"hot" carbonium ion. 



CHAPTER II 

STATEMENT OF PROBLEM 

The purpose o f  this d issertat ion is to propose a 

reasonable re act ion pathway  for the nitrous ac id deaminat ion 

o f  a substituted norbornylamine . In add it ion it is hoped 

that the informat ion acquired will g i ve some e vidence as to 

whether the intermed iate ions invo lved in the cat ionic rear ­

r angement are open c lass ical  ions o r  br idged n onc lass ical 

ions . 

To accomplish th is purpose it was necessar y  to 

s ynthes ize t hree amines : 

I) 2 -endo-hydroxy- 2-phenyl-3 -endo-aminonorbornane-

5 , 6 -exo-dz 

Ia) 2 -endo-hydroxy- 2-phe nyl-3 -endo-aminonorbornane-

3 -exo-d1  

II) 2-exo-hydrox y-2 -phenyl-3 -endo-aminonorbornane 

From compounds No . I and No . Ia it is poss ible to isolate 

e ight products from the deamination react ion and ident ify  

the locat ion o f  deuter ium in  each . Th is gives the sequence 

of hydr ide sh ifts  and Wagner-Meerwe in rearrangements .  The 

y ield o f  each produc t ser ves to he lp e va luate the c lassical 

or nonclass ical character of the intermediate ions . Amine 

Il.dif f �r ing o nly in the spat ial arrangem�nt 9f the 

phenyl and hydroxy l  groups should g i ve products and y ie lds 

13 
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complementary to those derived from the f irst two amines. 

Since the leav ing group is on the oppos ite · s ide , the 

react ion should demonstrate the steric and so lvat ion 

ef fects th at are present. 



C HAPTER III 

EXPERIMENTAL 

Unless other wise ind icated, a ll melt i ng po ints 

reported were obta ined by means o f  a Ko f ler hot bench . 

Nuc lear magne t ic resonance (nmr) spectr a  were 

obta ined with a Var ian Mode l A-6 0 with attached sp in 

decoup ler . The instrument was calibrated with a chloroform -

tetrame t hyls ilane (TMS ) mixture with chloroform be ing 4 3 6  

cy cles per second (cps)  downf ie ld from TMS . All chemica l  

sh i f t s  are reported i n  s igma (ppm) values . The temperatur es 

used whe n obta ining the spectra were that o f  the magnet . 

Vapor phase chromatogra phy (vpc)  results were 

obtained from a Barber-Coleman Mode l 5 00 5  instrume nt 

equipped with a f lame ionizat ion detector . The g lass 

columns used were 6 ft  long with an ins ide diameter o f  5 mm . 

Co lumn packi ngs and operat ing cond itions are as i ndicated. 

The liquid e lut ion chromatography tubes were packed 

with act ivated a lumina . The alumina was cond it ioned pr ior 
0 to use by  be ing dr ied in an o ven at 125 for a p er i od o f  

not less than 3 hr ; af ter remo val from the o ven · lO ml of  

water were added per pou nd o f  alumina to  partia lly 

deac t i vate it . 

All chemicals used were reagent grade unless other-

wise spec if ied . 

15  
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A.  2-endo- HYDROXY-2 - PHENYL-3 -endo-AMINONORBORNANE-5 , 6 -exo -dz 

1.  S ynthesis  

The amine was prepare d by the react ion sequence out-

line d in F igure 3 .  

a .  2 -�/exo - Norborneo l-5 , 6 -exo- dz. F i f ty g 

(0 . 44 5  mo les ) of  5 -norbornene-2-o l  (a mixture of  endo and 

exo isomers ) were dissolve d in 2 5 0 ml of  absolute a lcohol. 

For a catalys t  1. gm of 20 .. per c ent palladium On Nor it 

was a dde d. Deuter ium was supp lie d by  the e lectrolys is o f  

hea vy water . Pr ior to the int ro duction o f  the deuter ium 

gas the react ion f lask was e vacuated. The rap i d  uptake o f  

the gas by  t he o le f in maintaine d a reduce d  pressure during 

the course of  the re act ion. When the pressure ins i de the 

f las k r eache d atmospher ic press ure the generat ion of  

deuter ium automat ically cease d and the react i on was j udg e d  

comp lete . 

S ince the deuter ium ox ide was contam inated with water , 

deuterat ion was not complete . An analysis re veale d  1. 84 

deute rium atoms ins tea d o f  2. 0 0  deuterium atoms in the 5 , 6 -

exo pos it ions , the dif ference be ing hydrogen . Virtua lly 

a ll o f  the a ddit ion was in the exo pos it ion with not more 

than 3 pe r cent be ing in the endo pos it ion . 24 

The pro duc t was recovere d by f irst f i ltering the 

catalys t and then dist i lling the solvent a way through a 
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OH ---+ 

1 

OH ---+ 

Ph 
OH ..-<­
NOH 

0 

1 

F igure 3 .  2 -endo- Hydroxy- 2-phenyl-3 -endo-aminonorbornane-
5 ,  6 -exo-dz . 

--
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V i greux column under reduced pressur �. . The product , 5 2 . 0  g 

(0 . 45 4  moles ; 10 0 %), was a wh ite waxy solid . A melt ing 

po int (mp) was not taken . 

b .  2 - Norcamphor-5 , 6 -exo-d2• The deuterated a l coho l 

was oxid i zed with an 8 N ( 8  N with respect to oxygen) 

chromic acid so lut ion . The oxid i zing so lut ion was prepared 

by f irst d issolving 2 6 . 0  g of chromium trioxide in a smal l  

amount o f  water . Then 26 . 0  g o f  sulfur ic ac id was ad ded 

and the contents we re di luted with wat er to volume in a 

1 0 0 -ml vo lumetr ic f las k . 2 5  

To 2 3 . 0  g (0 . 2 0 0  moles ) o f  the a lcoho l d issolved in 

3 0 0 ml of acetone , 5 0 . 0  ml (0 . 4 0 0  mo les ) of the chromic ­

ac id so lut ion was added dropwise wit h st irr ing and cooling . 

Af te r addition was complete the blac k tarry react ion mixture 

was st irred with d iff iculty . for an addit ional 3 0  min . The 

temperature dur ing the add ition and subsequent st irr ing 

per iod was mainta ined at 15 ° by immers ion of the reac t ion 

f las k in an ice-water bath . The mixture was then allowed 

to come s lowly to room temperature . The bulk o f  the acetone 

was d ist i l led from the f las k through a Vigreux co lumn under 

the pressure of a water asp irator us ing a mini mum amount of 

heat . Some loss of the norcamphor was unavo idable as it is 

a f a ir ly vo latile compound . The reac t ion mixture was then 

d i luted with water , washed with sod ium bic arbonate solut ion , 

and extracted with several port ions of ether (total vo lume , 
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3 0 0 ml). The ether solut ion was dr ied over ma gnes ium 

sulfate ,  then f ilter ed .  The ether was str ipped off  through 

a Vigreux column under the pressure of a water asp irator . 

Norcamphor prec ip itates , 5 . 3 8  g (0 . 0 48 moles ; 2 4%), and 

rema i ns in the f las k.  A mp was not taken . 

c. 3 - 0ximino-2-ketobicyc lo[2 . 2 . l]heptane-5 , 6 -exo-dz. 

A so l ut ion of potass ium tert-butoxide was prepared by dis ­

solvin g  8 . 6 g (0 . 2 2 moles ) of potass ium in ·2 8 0  m l  (2 . 9 1 

moles ) of �-butyl  alcoho l . To this so lut ion was added 

2 2 . 4  g (0 . 2 0 0  moles ) of the deuterated norcamphor . Af ter 

coo l i ng the react ion vesse l to 0° by immers ion into an 

alcohol-ice water bath 2 4. 6 g (0 . 2 0 0  moles ) of freshly 

prepared and d is t i lled iso -amy l nitr ite26  was s lowly adde d 

while the react ion f lask was swir led gently by hand . Af ter 

add it ion was complete the react ion mixture was cont inuous ly 

swir led for the next 2 0  min . Fol lowing this act ion 5 0  ml 

of l ight petro leum e t her (3 0-6 0° ) was added , and the 

f las k was agitated intermittently for the next 2 . 5  hr 

wh ile t he temperature was ma inta ined at s l i ght ly less 
0 than 0 • After a tot a l  react iqn t ime of 3 hr the 

mixture was d i luted with 3 0 0 ml of l ight petroleum 

ethe � and the potass ium salt of the oxime was extracted 

with succ ess ive ·sma l l  port ions of water · (total  volume , 

1 5 0 ml ). The combined aqueous layer was then was hed 

once with l i ght petroleum ether . The water solut ion 
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0 conta ining the s alt was then cooled to 0 , and ammonium 

chlor ide and dilute hydrochlor ic ac id were added to adj ust 

the pH to the 7- 8 r ange . If the pH falls below 7 a Bec kman-

type rearrangement occurs which destroys the oxime . The 

s light ly a lka line so lut ion was extracted with many small 

success ive port ions of ether (total volume , 3 0 0 ml) . The 

ether extracts were combined and dr ied over magnes ium 

sulf ate and sod ium bicarbo nate , then f iltered . Solvent was 

removed through a Vigreux co lumn under reduced pressure . 

0 Then w ith heating to 3 5  and under high vacuum (0 . 5  mm Hg) 

the last traces of tert iary butyl alcohol and iso-amy l 

alcoho l were removed . The product was a brown v iscous oil, 

1 5 . 8 1 g (0 . 11 2  mo les ; 5 6 %) ,  and was stored in the 

refr igerator . 

d .  2 -endo-Hydroxy-2 -pheny l-norbornane-5 , 6 - �-dz-

3 -oxime . A·so lution of pheny lmagnes ium bromide was 

prepared by adding 7. 0 0  g (0 . 29 moles)  of magnes ium to 

40 . 0  g (0 . 2 5 5  moles ) of pheny l br omide ··in anhydrous ether . 

Us ing inverse add it ion the Gr ignard reagent was added 

s lowly to a so lut ion of .13 . 0  g (0 . 09 2  mo les)  of the ox ime 

a lso i n  anhydrous e ther . Af ter addit ion was complete the 

react ion mixture was ref luxed for 7 hr and then a llowed 

to stand overn ight . Previous exper ience had shown t hat 

a long ref lux t ime increased the y ie ld s ignif icant ly 

because the init ia l  comp lex formed was re lat ive ly insoluble 
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in ether . The reaction was worked up in the customary 

manner us ing water and ammonium chlor ide except that careful 

attent ion was g iven to mainta ining the pH greater than 7 to 

avo id a Beckman-type rearrangement of the ox ime . The 

material was extracted into ether , dr ied over magnes ium 

sulf ate , and then f iltered . Most of the ether was then 

removed through a V igreux column whi le be ing heated on the 

steam bath . Before the flask went to dryness chloroform 

and hexane were added , and then the remainder of the e ther 

was al lowed to d is t ill . The materia l was placed in the 

refr igerator to cryst a l l ize . The crystals, 2 . 94 8  g 

( 0 . 0 1 84 moles; 20%; mp 138°) ,  were col lected by suct ion 

f iltrat ion . 

e .  2-endo-Hydroxy-2-phenyl -3-endo-aminonorbornane-

5 , 6 -exo-dz . To a slurry of 2 . 6 0  g ( 0 . 06 82 moles )  of freshly 

powdered l ith ium a luminum hydride in 7 7  ml of anhydrous ether 

was added 5 . 0  g ( 0 . 023 moles ) of the deuterated 2-endo­

hydroxy-2-phenyl-norbornane-3-ox ime d isso lved in 80 ml of 

anhydrous ether . The mixture was ref luxed for 6 hr and then 

st irred overnight at room temper ature . The excess hydride 

was decomposed with sodium hydrox ide and water in the 

approved fashion to produce a gr anul ar prec ipitate of the 

aluminate salts . The prec ip itated s alts were f iltered and 

then heated with ether under ref lux to remove the las t 

traces of  the amine . The ether extracts were combined , 
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dr ied over magnes ium sulfat� and filtered . Into the resul-

tant anhydrous ether so lut ion was bubbled dry hydrogen 

chlor ide gas ( from a cy l inder)  in order to prec ipitate the 

amine hydrochlor ide . The salt was co llected by suct ion 

f i ltr at ion and pur ified by recryst a l l izat ion from an ethano l 
. 0 ether solut ion to g ive 5 . 04 g ( 0 . 020 9 mo les ; 9 1% ,  mp 234 ) ,  

of pure mater ial . 

The free amine was obta ined by warm ing the hydro-

ch loride salt in a water solut ion of sod ium hydrox ide and 

sodium bicarbonate . The amine was then extracted into 

ether , tre ated with decolor iz ing charcoa l ,  dr ied over 

magnesium sulf ate , and f i ltered . The so lvent was removed 

through a Vigreux co lumn under the pressure of a water 

0 aspirator to le ave 4 . 20 g ( 0 . 0205 mo les ; 9 8%; mp 9 4  ) ,  of 

the amine , a white solid. 

The over-all convers ion from 5 -norbornene-2-ol·to 

the 2-endo-hydroxy-2-pheny l-3-endo-aminonorbornane -5 , 6 -

exo-d2 was 2 . 5  per cent . 

2 .  De aminat ion of 2-�-hydroxy-2-pheny l-3-�-

am inonorbornane-5 , 6-exo-d2 

To 27 . 8 9 g ( 0 . 138 0 moles)  of the free amine and 

84 . 21 g ( 0 . 5 05  mo les) of anhydrous sodium acetate dissolved 

in 6 0 9 g ( 1 0 . 1  mo les )  of g l ac ial acet ic ac id was added 

7 0 . 5  g ( 1 . 0 1 moles)  of sod ium nitr ite. The sod ium nitr ite 

was added s lowly in small  2-g quant it ies over a 3-day 
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per iod . After the addit ion was comp lete the reac t ion was 

al lowed to stand for 2 add it ional days . Dur ing the 5-day 

react ion per iod the 1- 1 ,  round-bot tomed f l ask was ma inta ined 

at room temperature and swirled by hand frequently dur ing · 

the day . The mixture was then poured over 2 5 0  g of ice and 

2 5 0  ml of ether . Wh ile be ing st irred v igorous ly the mixture 

was par t ia lly neutral ized .with 2 4 8  g ( 6 . 2 1 moles )  of sod ium 

hydrox ide wh ich was added in the form of a 1 0  per cent 

aqueous solution at 0°. A large quantity of sod ium 

b icarbonate was used to buffer the mixture . The organic 

mater ial was extrac ted with ether . The comb ined extracts 

were dr ied over magnes ium sulf ate , treated with decolor iz ing 

charcoal , and then f iltered . D ist il lat ion of the f i ltrate 

through a Vigreux co lumn under the pressure of . a water 

aspirator removed the bulk of the solvent . Cont inued 

d istillat ion under h igh vacuum (0.5 mm Hg ) with heat ing to 

0 30 for 2·hr · comp leted the removal of solvent . The result-

ing acetates , 31 . 5 3 g (0.127 mo les; 92%), these are approxi-

mate values as a l l  of the products do not have the same 

molecular we ight , were a dark-brown viscous oi l and 

rema ined .in the· f lask . 

3 .  Separation of Products 

The·31 . 53 g ( approx imately 0 . 124 moles ) mixture of 

acetates were placed on a column ( 2 . 5  em x 1 2 0  em) of 

a lumina . Us ing hexane as the e luent , only one product was 
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reco ve re d, the cyc lohexenyl pheny l ketone (C6H5COC6H7D2). 

The ke tone ,  5. 37 g (0 . 02 8 8  moles) , howe ver , was not pure . 

When t he e luted material dropped to less than 0 . 0 12 g of 

nonvolatiles per 10 0 ml of e lue nt ,  co llect ion of the ketone 

was stopped , and the co lumn was washed with a so lut ion of  

10 per cent methanol in  ether . This so lut ion e luted the 

rema inder of the produc ts , a mixture of 7. The alumina 

was remo ved from the co lumn and washed with me thano l, ether , 

and water to assure as complete a re co very as poss ible .  

This material, mg quant it ies , was added to the other e luted 

material to g i ve a t otal of 23 . -306 g (approx imate ly 0 . 0 89 2  

mo les) of reco vered ace tates i n  add it ion t o  the 5 . 3 73 g 

(0 . 0 2 8 8  moles ) of the cyc lohe xenyl pheny l ket one . The 

column y ie ld was 0 . 118 1 moles (9 3 %) . 

The acetates ·were then reduced to the ir corres ponding 

a lcohols with lithium a luminum hydr ide by the fo llowing 

procedure . Twe lve g (0 . 3 16 moles)  of freshly ground 

lithium aluminum hydr ide were placed in anhydrous ether , and 

the s lurry was s lowly added to the 23 . 3 1  g (approx imately 

0 . 0 8 9 2  mo les)  of acetates a lso d isso lved in anhydrous ether . 

After the addition was complete the react ion mixture was 

ref luxed f or 4 hr and then st irred o vernight at room 

temperature . Water and sodium hydro xide were added in the 

usual f ashion in order to produce a granular prec ipitate 

which was f iltered . Ether was then d is t i lled from the 
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filtrate through a Vigreux co lumn under the pressure 

supp lied by a water aspirator to give 1 8 . 6 0  g ( approx imately 

0 . 0 8 92 mo les; 1 0 0%) , of alcoho ls which remained in the 

f lask . 

The a lcoho ls were then placed on a column ( 2 . 5 em x 

120 em) of a lumina. Eluents used in.their order of use 

were benzene , benzene and ether , ether , and methanol,and 

ether . When the nonvolatile e luted material re ached a va lue 

of less than 0 . 0 0 6  g per 1 0 0  ml of eluent the alumina was 

removed from the column and ref luxed in methanol to remove 

residual traces of compounds that may have been retained on 

the column . Figure 4 shows the order of retention of the 

compounds on the alumina and the so lvent mixtures necessary 

to e lute them. The solvent ratios should be interpreted as 

only approximate as they will vary f rom co lumn to co lumn 

depending upon the activity of the a lumina used . Only the 

gross ratios are represented while in actual practice when 

introducing another so lvent component the per volume va lue 
{ 

of the added _material was on the order of less than 1 

per cent . By changing the ratios s lowly it is possible to 

obtain a fairly good separation-based solely on e lution 

chromatography . Approximate ly 31 liters of so lvent were 

employed in the process. Of the 1 8 . 6 0  g ( 0 . 0 8 92 moles )  

o f  a lcoho ls placed on the column 1 8 . 5 8 g ( 0 . 0 8 92 moles ; 

1 0 0%) were recovered . 
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8 methano l:e ther 5:100 

Figure 4 .  Re t e n t ion order of produc ts o n  ac t iva ted a lum ina. 
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4 .  Pur i ficat ion of Pro ducts 

The A3 - (c is - 5, 6 -dideutero)-cyc lohexeny l pheny l 

ketone (compound 1, Figure 4, page 26 ) was d is tilled to 
---

g ive seven fract ions boiling in the range from 104- 145°/ 

0 .5 mm , none of which was pure . First for identif ication 

purposes the semicarbazone der ivative was prepared by the 

procedure out line d in ''The Systematic Identif ic at ion of 

Organic Compounds . "2 7  Der ivat ives were prepared from both 

a low-boiling and a high-boiling fraction. Both l.der ivat ives 

0 after pur if icat ion by crystallization had a mp o f  146 • 

From a known s amp le o f  the a lcohol, prepared by I, T. Glover , 

a previous inves t igator , the same der ivat ive was prepared 

a fter the alcoho l had been oxidized to the corresponding 

ketone by a mild chromic -acid oxidat ion . A mixture of 

semicarbazones ,  the known compound and the ·suspected 

compound , had a mixed mp of 146° . 

The nmr spectrum of the ketone was too comp lex to 

analy ze ·in order to determine the pos ition of deuterium in 

the molecule . If the ketone could have been purer this 

might have been possible . Therefore , it was ne cessary to 

fin� a der ivative of the ketone that would not change the 

pos it ion of deut �r ium in the molec ule but would a llow easy 
\ 

pur ificat ion and analysis by.nmr spectroscopy . Oxidation 

o f· the o le f inic bond to give t he d ic arboxylic ac id 

(3-benzoyl- 4,5-dideuteroadipic acid) was such a compound.  
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The ·react ion was carr ied out b y  the procedure of ·Leumiuex 

and von Pudoff . 2 8  One g (0 . 0 0 5 3  moles ) of the ketone was 

d isso lved in 10 ml of d ioxane . Water was added unt i l  the 

ketone j ust be gan to prec ip itate then an additional 1 ml of 

d ioxane was added . Th is was follo wed by ·the add it ion of 

2 .21 g (0 . 0 15 9 moles ) of potass ium carbonate, 9 . 8  g (0 . 042 

mole s) of potass ium iodate , and 2 .71 g (0 . 0 171 moles ) of 

potass ium p erman ganat�. The reac t ion mixture was st irred 

for 2 days at room temperature . After ac id if ic at ion with 

sulfur ic acid the or ganic mater ial was ext racted into ethe r.  

Evaporat ion of the ether extract through a Vigre ux co lumn 

wh i le be ing heated on the steam bath lef t  an amorphous 

brown mass in t he f las k.  Crystalli zation of the mate ria l 

from a chloroform-hexane mixture ga ve a white so lid with a 

0 mp of 13 0 • The compound was the dicarboxy lic ac id 

Ana l  • . Calcd for C 13 H1.05: C ,  6 2 .40 ; H, 5 . 6 5 . 

Found: C ,  62.4 8 ;  H, 5 . 53. 

The impure ant i-6 -deutero- 2-phenyl-2-nortr icyclenol 

(compound £, Figure 4 ,  page 26 ) was a liquid . Initial 

attempts to  pur ify by sublimat ion pro ved unsuccessful as a 

liquid condens ate ·a lways co lle cted on the cold .f inger of 

the sublimat ion apparatus . Success was obtained though 

a f ter installing a "bucket"  immediate ly under and s uspended 

from the cold f inger . The liquid that condense d then fell 
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into the bucke t , but since the container did not reach into 

the bot tom of the tube it was not heated ; the liquid 

impurity was then effective ly removed from the sub limation 

process . Repeating the process three times at a temperature 

of 5 0° under a vacuum of 0 . 5  mm Hg gave a white crystal line 

compound with a mp of 5 6° . 

The 5 , 6-�-dideutero-7 -hydroxy-7 -syn-phenyl-2-�­

hydroxynorbornane ( compound l, Figure 4, page 26 ) ,  more 

easily referred to as the anti-diol, was obta ined as a sol id 

fol lowing evaporation of the e luent . I t  was easily recrys-

t a llized from chloroform-hexane to give a light , fluffy 

material that was quite distinctive in appearance . The mp 

of the recryst a llized materia l was 9 8° . 

The fol lowing two compounds were eluted almost 

together . The 4 , 5-dideutero- 2 , 5 -exo-dihydroxy-2 -phenyl­

norbornane ( compound i, Figure 4 ,  page 2 6 )  preceded the 

4 , 5- cis -�-dideutero- 2 , 6 -endo-dihydroxy-2 -phenyl bicyc lo­

[3 . l . l]hept ane (compound�' Figure 4 ,  page 26) only sl ightly. 

Compound ! can be crystall ized read ily f rom chloroform-

hexane . The residue is pr incipally compound � and asso­

ciated impurities .  Compound � is d ifficult to crystallize 

and wil l  not crystallize from a chloroform-hexane mixture . 

The residue was evaporated to leave an amorphous res idue . 

This residue was placed on a sintered g lass ·filter and 

washed with ether . Compound � is so luble in ether , but the 



3 0  

other compo und is only spar ingly soluble . S ubsequent 

evaporat ion of the f iltrate ether and success ive repet it ion 

of the process proved to be an effect ive means for r emoving 

gross contaminat ion . Compo und � then was crystallized from 

an ether-hexane mixt ure with 1-2  drops of ethano l added . 

Repeated crystallizat ion gave re lat ive ly p ure· � wit h a mp of 

78° . Compo und ! af ter · three ·crystallizat ions melted at 1 5 5° . 

The next two compounds were also e luted from the 

chromato gr aphic column together . The 3 , 6 - endo-d ide utero-2 , 7-

syn- dihydroxy-7-phenylnorbornane ( compo und · i' F i gure 4, 

page 26 ) is known more s imply as the syn-7-diol.  This 

compound was e luted with the 5 -endo-6 -exo-d ideutero-2-

endo-5 -exo-d ihydroxy-2 -pheny lnorbornane ( co mpo und 7, 
-- -

F i gure 4, page 26 ) . Compound 1 is present in much lar ger 

quant i t ies than the syn- 7-d io l  and therefore tends to 

crystallize f irst from a chloroform-hexane mixture . 

Cont inued crystallizat ion of l eventually gave af ter f ive  

0 operat ions a compound with a mp o f  165 • The res idue from 

this crystallizat ion then becomes re lat ively r ic her in the 

s yn- 7-diol.  Evapor at ion of the chloroform-hexane ·res idue 

lef t  a brown amorphous mater ial that was placed in a 

s intered glass f unne l and washed with ether . Compound l is  

re lat ive ly inso luble in ether , but compound £ is  read ily 

soluble . Repe ating the operat ion several t imes gave a 

so lut ion from which £ would crystallize • .  Cryst a llizat ion 
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was e f fected from an ethanol-carbon tetrach lor ide mixture to 

g ive a product that melted at 10 5 °. 

The last compou nd to be e luted from the co lumn o f  

alumi na was the 5 , 6 -exo-dideutero-2 , 3 -endo-d i hydroxy-2-

pheny lnorbornane (compound�' F igure 4, page 26 ). For 

reasons o f  s implic ity , this compound is re ferred to as the 

d i-endo-diol. Compound �was not e luted as a pure compound.  

The pr inc ipal impur ity was compound l· Crystallizat ion o f  

the eluted mater ial from a n  ethanol-carbo n  tetrachlor ide 

mixture gave two d i f ferent types of cry s tals . When the 

crystalli zat ion was carr ied out slowly over a pe riod of 3 wk 

the di f ferent crystals were d iscernible e nough so that with 

the a id o f  a magnifying glass and tweezers a phys ica l sepa­

ration could be achieved betwee n compounds 1 and �· Repeti­

t ion o f  this procedure three t imes prov ided a re lative ly 

pure samp le o f  the di-�-diol with a mp o f  8 5° . 

1 .  S ynthes is 

B.  2 -endo-HYDROXY- 2 -PHENYL-3 -e ndo­

AMINONORBORNANE-3 - �-d1  

The ami ne was prepared by the reaction sequence 

out lined in F igure 5 .  The amine was prepared in the same 

manner as the preceding amine that is illustrated in 

F ig ure 3 (page 17). However , the following d i f ferences 

exis t . The s tarting ·mater ial was undeuterated norcamphor 
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F ig ure 5. 2-endo-Hydroxy- 2-pheny l-3 -endo-aminonorbornane-3 -exo-� ---
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and the reduc t ion of the ox ime was accomplished with lithium 

aluminum deut er ide instead of hydr ide. The seque nce is 

shown in . F igure 5. 

Twe lve g (0.0568 moles) of the ox ime wh ich had been 

prev ious ly prepared was dissolved in anhydrous ether . To 

this so lut ion was added a slurry of 3 . 6  g (0.068 moles) of 

freshly grou nd lithium.aluminum deuter ide in ·a nhydrous 

ethe r. The react ion mixture was heated under ref lux for 

6 hr , then allowed to stand overnight at roo m temperature . 

Excess deuter ide was destroyed with the alternate add itions 

of water and aqueous sod ium hydrox ide in order to produce a 

granular prec ipitate which was f iltered. The f i ltrate was 

dr ie d over ma gnes ium sulf ate . The dry ing age nt was re moved 

by f iltration and dry hydrogen chlor ide gas (from a 

cylinder ) was then passed into the anhydrous ether solut ion 

to prec ip itate the amine hydrochlor ide salt ,  11. 5 g (0. 0498 

moles ; 88%), wh ich was f iltered and dr ied in a i r. 

The free amine was recovered by dissolv ing the salt 

in an aqueous solution that was made bas ic by the addit ion 

of sod ium carbonate and bic arbonate . The mat er ia l  was 

ex tracted into ether.  The extract was dr ied , f iltered , 

and evaporated to le ave 9. 58 g free amine (0. 0488 moles ; 

98%; mp 94°) of a white solid . 
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2. Deamination of 2-endo-hydroxy-2-phenyl-3-�-amino­

. norbornane-3-exo-d1 

A 5. 9 g (0. 025 moles) portion of the amine was deami­

nated with 18. 8 g (0. 229 moles) of sodium acetate and 15. 75 

g (0. 227 moles) of sodium nitrite in 166 g (2. 77 moles) of 

acetic acid. The sodium nitrite was added slowly in small 

quantities over a 3-day period. The deamination procedure 

and the work-up of the reaction was identical to that 

described earlier (page 22). The weight of the deamination 

product was 6. 0 g (approximately 0. 024 moles; 96%). 

3. Separation of.Broducts 

The products of the deamination were placed on a 

column of alumina (2. 5 em x 75 em) and eluted with hexane. 

A center fraction gave a reasonably pure sample of the 

cyclohexenyl phenyl ketone. Since this was the only compound 

of interest no attempt was made to isolate the remainder of 

the compounds. The rest of the products were eluted with a 

solution of methanol in ether and saved for future use. 

The object here was to secure enough of the ketone in suffi­

cient purity ·for nmr analysis. Purification by oxidation 

of the olefinic bond was not possible because the deuterium 

was located on one of the olefinic carbons. 
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C .  2 -�-HYDROXY-2 -PHENYL-3-endo-AMINONORBORNANE 

1 .  Synthesis 

The amine was prepared by the reaction sequence 

outlined in Figure 6. 

a .  2 -endo-Hydroxy-2 -phenylnorbornane. Using inver�e 

addition 5 4 . 4 g (0 . 0300 moles) of freshly prepared phenyl­

magnesium bromide in anhydrous ether was slowly added to an 

anhydrous ether solution of 27 . 55 g (0 . 2 50 moles) of 

norcamphor. The reaction mixture was refluxed and stirred 

for the next 5 hr and allowed to stand overnight at · room 

temperature. The following day the mixture was worked up in . 

the usual manner using ammonium chloride and water, and the 

organic material was separated by extraction into ether. 

The · ether extracts were combined, dried over magnesium 

sulfate , and filtered. The product remained in the flask 

after evaporation of the ether solvent on the steam bath . 

The 45.2 g ( 1 . 20 mo les; 96%) product was a near ly color less 

oil that solidified when placed in the refrigerator. 

b .  2-Phenyl-2-norbornene . I nto a solution contain­

ing 132 .7 g (1 . 30 moles) of acetic anhydride and 190 g (2� 40 

moles) of pyridine was dissolved in 133.0 g (1.20 moles) of 

the 2-endo-hydroxy-2 -phenylnorbornane • . The resulting solu­

tion was heated on the steam bath with stirring for 16 hr . 

The material was then distilled through a Vigreux column 
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under high vacuum to give 13 3 g ( 0. 7 8 1  moles ; 6 9% ;  bp 7 0- 8 0°/ 

0 . 5  mm) of the olefin . 

c .  2 -endo-Phenyl-2 , 3 -�-norborny l carbonate . 

Eighty- three·g ( 0 . 4 8 8  moles) of the norbornene was added 

0 dropwise at a temperature < 4 5  to 15 0 ml . ( 2. 0  mo les)  of 

3 0  per cent hydrogen peroxide and 3 5 0  ml ( 9 . 0  mo les) of 

97  per cent formic acid. After addition was comp lete the 

mixture was stirred overnight at room temperature. 

Isolation of the product was achieved by extr ac tion into 

ch loroform with many small  vo lumes ( tot a l  volume 5 0 0  ml) . 

The bulk of the chloroform ( 4 0 0  ml) was then removed by 

me ans of a rotato ry evaporator. The ch loroform remaining was 

washed with an aqueous so lution of sodium bicarbonate to 

remove residual traces of acid . The materia l was al lowed 

to crystallize then from a chloroform-hexane solution . 

Recryst al liz ation from the same system gave 6 7. 0 g ( 0 . 2 9 1  

0 mo les ; 3 7% ;  mp 54  ) of pure product . 

d .  2�exo-Hydroxy-2 -pheny l-3 -exo-hydroxynorbornane. 

Sixty- seven g ( 0 . 2 9 1  mo les) of 2 -endo-pheny l- 2 , 3 -�­

norborny l carbonate was added to a so lution composed of 

2 8  g ( 0 . 5  mo les)  of potassium hydroxide , 1 0 0  ml of water , 

and 2 5  ml of ethanol . The mixture was stirred magnetically 

at ref lux temperatures for 5 hr. Ethano l was then removed 

by distillation at reduced pressure leaving an oil wh ich 

. .  



3 8  

was dissolved in water, salted out with sodium chloride, 

and extracted into ether . The ether extract was dried over 

magnesium sulfate, filtered, then distilled . The glycol 

product distilled at 13 5-140
°

/ 3  mm . Crystallization of the 

distillate from ether gave 3 5 . 0  g ( 0 . 17 1  moles ; 5 9% ;  mp 6 0
°

) 

of product which were washed with hexane and dried in air . 

e .  2-endo-Phenyl-3 -norcamphor . Ten g ( 0 . 049 moles ) 

of the di-�-hydroxy compound was dissolved in a minimum 

amount of dioxane and added dropwise to concentrated 

0 sulfuric acid at 0 • After the addition was complete the 

reaction mixture was maintained at 0
° 

and stirred for an 

additional 3 0  min . The mixture was then poured over ice 

and extracted into ether • . The ether extract was washed with 

aqueous sodium bicarbonate, dried over magnesium sulfate, 

filtered, and distilled at high vacuum . The product, 1 1 . 2  g 

( 0 . 049 moles ; 100% ; bp 1 1 0-1 1 3 °/0 . 5  mm ) ,  was a viscous oil 

at room temperature . 

f .  2-exo-Hydroxy-2-phenyl-3 -norcamphor . The Biltz 

reaction was conducted in small batches of less than 5 g 

each as larger quantities proved difficult to control . 

To 3 . 5 g . ( Q . Ol9 · moles ) of the 2-endo-phenyl-3 -

norcamphor dissol ved i n  25 ml ( 0 . 45 0  moles ) of acetic acid 

was · added 5 ml of concentrated nitric acid . The mixture 

was p laced on the · steam bath for a 10-15 min period . 
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Af ter remova l  it was cooled and poured on 2 0  g of ice from 

wh ich the organ ic mater ial was extracted into ether. The 

ether extr act was washed with aqueous sodium bicarbonate , 

dr ied over magnes ium sulf ate , and f i ltered . Evaporat ion of 

the ether gave a 4. 6 g crude product. The crude products 

from mult iple runs were co llected to  g ive a tot a l  of  4 1  g 

of unpur if ied material from an init ia l 3 5  g ( 0. 1 86 moles )  

o f  the phenyl norcamphor. The mater ia l  was placed on a 

co lumn ( 2. 3  em x 1 0 0  em) of alumina. Hexane , the f irst 

e luent , removed from the co lumn mater ial that so lidif ied 

and a small  amount of unreacted mater ial. A mixture ( 1/ 1  

o n  a v/v bas is) o f  hexane-benzene e luted 8. 6 g ( 0. 043 mo les ; 

23% )  of pure product . The product was a viscous o i l  whose 

ident ity was conf irmed by nmr analys is. Further e lut ion of 

the column with more po lar mater ials gave products that 

turned brown on exposure to air . 

g. 2 -exo-Hydroxy-2 -phenyl-3 -ox imino-norbornane. To 

8. 6 g ( 0. 042 mo les )  of the 2 -�-hydroxy-2-endo-pheny l-3 -

norcamphor dissolved in 24 ml ( 0. 2 8 5  moles ) of pyr id ine was 

added a tota l  of 12. 6 g ( 0. 1 8 1  mo les)  of hydroxy lamine hydro­

chlor ide. E ight g of the hydroxy lamine was added init ial ly 

to the react ion mixture . Af ter the reac tion f lask had been 

heated on the steam bath for - 3 0  min the remainder of the 

hydroxylamine was added. The react ion was al lowed to stand 

overn ight at room temperature. The fol lowing day water was 
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added to the mixture and the organic mater ial was extr acted 

into ether � Pyr idine was removed from the e ther extr act by 

wash ing with 6 N hydroch lor ic ac id and the n  ex tract ing the 

s a l t into water . The rema in ing e the r so lut ion was washed 

once with wa ter and wi th sodium bicar bonate so lut ion to 

remove the last tr aces of ac id . This was f o l lowed by dry ing 

over magnes ium sulf ate , f i ltrat ion , and evapor a t ion of the 

ether f rom an open f l ask on the steam bath by pass ing a 

stream of a ir over the vo lat i le solve nt . The res idue was 

cry s t a l l ized from ch lor oform-hexane to g ive · 2 . 5 5 g ( 0 . 0 1 3 

mo les ; 2 7% ;  mp 13 3 ° ) of pure mater i a l . 

h .  2 -exo-Hydroxy - 2 -phe ny l -3 -endo -aminonorbornane . 

To 2 . 5 5 g ( 0 . 0 1 3 mo les ) of the ox ime d isso lved in anhydrous 

ether a s lurry of freshly ground l i th ium a luminum hydr ide in 

anhydrous ether was added dropw is e . Add it ion of the hydr ide 

cont inued unt i l  hydrogen evo lut ion ce ased . Then a sma l l  

add it iona l quant ity was added and the reac t ion mixture was 

a l lowed to st and at room temperature w i th st irr ing for · 3 0  

min . Fo l low ing this per iod add it ional hy dr ide was added 

and the mixture was ag ai n a l lowed to st and with s t irr ing 

for a s imi lar t ime per iod . The reduct ion react ion was 

worked up in the usua l f ash ion w i th the exce ss l ith ium 

a lum inum hydr ide be i ng decomposed by al ternate add it ions of 

water and sod ium hydroxide so lut ion . The org anic mater ia l 

was extr acted i nto ether and the extr ac t was dr ied over 
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magnes ium sulfate , then filtered. Dry hydrogen ch loride 

gas ( from a cy l inder ) was bubbled into the resulting 

anhydrous ether so lution to form the amine hydroch loride 

salt which precipit ated as an oil. Evaporation of the ether 

by passing a stream of air over it left an oily residue 

which was disso lved in water. The aqueous so lution was 

extracted once with ether to remove any hydrocarbons , and 

then was he ated with sodium hydroxide until the so lution 

was strongly basic . The free amine was extracted back into 

ether and the extract was dried over magnesium sulf ate and 

filtered. Dry hydrogen chloride was again bubbled into the 

ether solution which again caused an oil to separa te. The 

oil was recovered f rom the ether by using the same method 

employed before. The oily residue was taken up in a small 

quantity of acetone which was a llowed to evaporate at room 

temperature. The semi dry materia l was placed in a vacuum 

desiccator with 4A molecular sieve . Af ter drawing a 

re latively high vacuum ( 1 . 0 mm Hg) , crystallizat ion occurred 

to give 0 . 4 2 8  g ( 0 . 0 0 1 8 9  mo les ; 15% ; mp 1 8 4) of the amine 

hydrochloride . The over-all convers ion from norcamphor to 

the amine hydrochloride was 0 . 13 per cent. 
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2 .  Deaminat ion o f  Z -exo-Hydroxy-2 -phenyl-3 -endo-norbornyl-

amine Hydrochlor ide 

To a so lut ion of 0 . 46 0 g ( 0 . 0 0 56 mo les) of sodium 

acetate disso lved in 13  ml ( 0 . 2 2 8  moles ) of g lacial  acetic 

acid was added 0 . 2 16 g ( 0 . 0 0 0 9 5  mo les)  of the amine hydro-

chlor ide . As the am ine salt dissolved a prec ipitate occurred 

wh ich was sod ium ch lor ide . During the course of the react ion 

the temperature rema ined at 23° . To this mixture was added 

in sma l l  quant ities over a per iod of 3 days 0 . 6 6 0 g 

( 0 . 0 0 9 5  mo les) of sodium nitr ite . Af ter addit ion was 

complete the reac tion mixture was ma int ained at 23° for 

2 add it ional days . Dur ing the 5 -day per iod the mixture was 

cont inual ly st irred by a smal l magnet ic st irr ing bar . 

The react ion was worked up by pour ing the mixture 

over approx imate ly 4 0  g of ice . Af ter the ice me lted the 

organic mater ia l  was extracted into chloroform . The 

extract was tre ated with cold 1 N hydrochlor ic ac id to 

remove unreacted amine as the water so luble salt . The 

chloroform layer was then washed once with water and once 

with an aqueous sod ium bicarbonate so lut ion to insure the 

removal of the hydrochlor ic ac id . The extract was dr ied 

over magnesium sulfate , then f iltered . The chloroform was 

removed on a rotary evaporator without the app lication of 

heat which would have caused the acetates to rearrange . 

The res idua l o i l  ( the acetates) were taken up in anhydrous 
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ether , and the · maj or portion of the product was saved for 

analys is by vpc. A smaller portion was reduced to the corre­

sponding alcohols by the dropwise addition of a slurry of 

freshly ground lithium aluminum hydride . also in anhydrous 

ether. Hydride addition continued until its presence 

persisted after refluxing the reduction mixture for 3 0  min. 

Excess hydride was destroyed by the alternate addition of 

water and sodium hydroxide . The resulting alcohols were 

extracted with ether. The ether layer was dried over 

· magnesium sulfate, filtered, then carefully evaporated to 

dryness on the rotatory evaporator. The alcohols were 

recovered in acetone for subsequent analysis by vpc . 

D .  PREPARAT ION OF KNOWN ACETATES 

FOR VPC COMPAR I SONS 

The acetates of the corresponding alcohols of 

compounds � through � (Figure 4, page 26) were all prepared 

in ident ical f ashion by the f o l lowing procedure. 

A small quantity of the alcohol (approximately 1 g, 

0.005 moles) was dissolved in about 10 ml (0 . 123 moles) of 

pyridine. Then acetic anhydride, 1 mol equivalent of the 

alcohol (0.51 g, 0.005 moles), was added and the mixture 

was stirred overnight at room temperature • . The reaction 

mixture was diluted with water and the organic material was 

extracted with ether. The ether extract was washed several 
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t �mes with cold 1 N hydrochlor ic ac id in order to remove 

the pyr idine . To remove res idua l amounts of ac id the ether 

layer was washed with water and a sod ium bicarbonate 

so lut ion • . The extract was dr ied over magnes ium sulf ate , 

then f i ltered. Ether was removed in a rot atory evaporator 

without the app licat ion of heat . I t  appears that even a 

s l ight amount of heat ( i . e . , over 3 5°) causes the acetate 

to re arrange . The acetate rema ins in the f lask · to be taken 

up in acetone for subsequent vpc ana lys is . 

The alcoho ls were suppl ied by solvo lys is react ions 

of the correspond ing tosy lates by Dr . Ben M. Benj amin. 

They were separated by elut ion chromatography on alumina . 

E .  VAPOR PHASE CHROMATOGRAPHY 

The deaminat ion of the 2-�-hydroxy-2 -phenyl- 3 -

endo-aminonorbornane hydroch loride was prev ious ly descr ibed 

( page 4 2 ) . Under the same condit ions 0. 2 16 g ( 0 . 0 0 0 9 5  

mo les)  o f  the 2-endo-hydroxy-2-phenyl-3-endo-aminonorbornane 

hydrochlor ide was deaminated . This compound is the same as 

that illustr ated in F igure 5 { page 32)  except where · that 

had deuter ium in the exo-3 pos it ion th is has none and con­

sequent ly was reduced by l ithium aluminum hydr ide and not 

the deuter ide . All  other cond it ions were ide nt ical . 

For each amine numerous spectra were obt a ined under 

var ious cond it ions . To determine the locat ion of each 
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compone nt the am ine samp le was d i luted with a quant ity o f  a 

known compound . Compar ison then of the und i luted samp le 

with the d i luted s amp le prov ided an easy ident if icat ion 

procedure . The known acet ates and a lcoho ls were placed on 

the chromatograph ic co lumn ind iv idua ll y under the same 

cond it ions emp loyed to obt ain the spectra of the mixture of 

products . At the cond it ions used no de compos it ion oc curred . 

The separat ion of a lcoho ls was accomp l i shed w ith a 

f actory-packed co lumn of 2 0  per cent Ap iezon· L on 6 0 /7 0 me sh 

Anakrom ABS ( ac id washed , base washed , ,and s i lan ized ) . The 

acet ates were separated with the he lp of a labor at9ry­

prepared co lumn of 20 per cent Ap iezon N on 6 0 /7 0 me sh 

Anakrom ABS . The Ap iezon N suppor t was made by d isso lv ing 

7 . 0  g of the gre ase in be nzene . The Anakrom mate r i a l  was 

added to the solut ion, and the mixture was swir led wh i le 

be ing heated on the steam bath . The be nzene was removed 

from the m ixture by me ans of a rot atory evapor ator . 

Both the · acet ates and the alcoho ls were passed 

through temperature-programmed co lumns . The acetates we re 

programmed f rom 17 0 - 2 3 0° at a temper ature r is e  of 0 . 5 °/m in . 

The alcoho ls , after a 1 5 -m i n  de l ay from samp le inj ect ion 

t ime , were progr ammed f rom 14 0 - 1 9 0° at a rate of 0 . 5 °/min . 

A gas f low of argon was ma inta ined at a f low of approx i­

mate ly 6 0  ml/min . 



46 

The order of retention of the alcohols was the same 

as that observed previously using elution chromatography 

(Figure 4, page 26) with alumina. The order for the 

acetates was slightly different . As a check to see if any 

peaks were being obscured the materials were also run on a 

column of 12 per cent silicone rubber , SE-30 on 60/ 7 0  mesh 

Anakrom ABS . The order of retention remained the same and 

no addit ional components were detected. The same experience 

was had when the components were placed on 0 . 2 per ce nt 

Versamid 9 00 on 80/ 100 mesh glass beads. 

The calculation of the ratios of the components was 

determined by me asuring the respective areas of the signals. 

The area measurement was based on the peak height of the 

signal times the width of the signal at one-half the peak 

height . 

All of the major signal responses and most of the 

we ak responses were identif ied in the spectra. There was 

one signal present in both the acetate and a lcohol s amples 

that was eluted directly after the tricyclic material (it 

was therefore the second component of f the column) that 

could not be identified . It was not an acetate as it showed 

no change in position after reduction with hydride. It 

constituted less than 1 per cent of · the total response of 

the spectra . 
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The acetates provided the best spectra to measure 

from . However, one compound was obscured . The acetate of 

the di-endo-diol (compound �� Figure 4, page 26) was 

obscured by the acetate of the anti-7-diol (compound 1 ,  

F igure 4, page 26) . However, the alcohol signals were very 

much separated .  The anti-7 diol has a very distinct and 

well-formed response, but the signal due to the di-endo-diol 

is broad and difficult to measure . Therefore the following 

was done . The spectrum of the acetates from the deamination 

were measured . Then the ratio of the areas of the tricyclic 

material and the two compounds in . .  question (one peak 

actually) were calculated . The same material after 

reduction with hydride was again measured and the ratio of 

the tricyclic material (reduction with hydride does not 

change this compound) to the anti-7-diol calculated . The 

loss in signal response was ascribed to the absence of . the 

di-endo-diol and to a change in response factor . The 

response f actors be tween the acetates and the alcohols were 

checked by preparing a synthetic mixture of just the 

tricyclic material and the ace tate of t he anti-7-diol and 

. measuring the ratio � Reduction of this mixture with hydride 

to the corresponding alcohol gave the data necessary for 

calculation of the response factor between the acet ate and 

the alcohol . 
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For the synthetic mixture the ratio of areas of the 

acetate of the anti-7-diol to the tricyclic material was 

3 . 2; the same ratio after reduction was 2 . 96, a loss of 0 . 8 

or 27 per cent which can be ascribed to the change in 

response f actor . These same signals f rom the 2-�-hydroxy 

amine (Figure 6, page 36) gave a ratio of 1 . 28 f rom the 

acetates and a ratio of 1 . 09 after reduction, a loss of 0 . 17 

or 25 per cent . From the endo-hydro�y amine (Figure 3 ,  

page 17) the ratio from the acetates was 3 . 8 and f rom the 

reduction product 1 . 4, a loss of 2 . 4 or 37 per cent . The 

loss of 10-12 per cent is attributed to the presence of the 

di-endo-diol . The response f actors between the alcohols 

was by experiment shown to be unity . 

F .  NMR SPECTRA OF PRODUCT S 

1 .  �3 -Cyclohexenyl Phenyl Ketone 

In the spectrum of the cyclohexenyl phenyl ketone 

(Figure 7 )  the signal s  at lowest f ield are assigned to the 

phenyl group . This group is split into two major portions 

and is centered at 7 . 7 ppm . The two olef inic hydrogens 

appear as a single response which is located at 5 . 7 ppm . 

Going upfield the next signal (3 . 5  ppm) is broad , inte ­

grates to one hydrogen , and is assigned to the C-1 carbon 

of the cyclohexenyl ring . At stil l higher field is series 

of unresolved signals from 1 . 5  to 2 . 5 ppm which are 
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a t tr ibuted t o  the rema ining s ix hydrogens o n  t h e  cyc lo -

hexeny l r ing . 

I 
... 

0 ll __f'"'\. 
Ph - c --J  

... 

F igure 7 .  A3 -Cyc lohexeny l pheny l ketone . 
Solvent : Carbon tetrachlor ide . 

2 .  A3 - ( c is-5 , 6 -D ideutero) -cyc lohexenyl Pheny l Ketone 

I n  the d ideuterated compound ( F igure 8 )  the 

responses attr ibuted to both the pheny l group ( 7 . 7  ppm) and 

the olef inic hydrogens ( 5 . 7  ppm) rema in unchanged as ant ic i-

pated . There is a s l ight change in the shape of the latter 

s igna l though , as this s ignal  now is beg inning to sp l it into 

a doublet and , therefore , is somewhat better resolved due to 

the removal of a coup l ing constant . The indicat ion then is 

that a deuter ium is on a carbon adj acent to the olef inic 

bond . Cont inuing upf ie ld it is apparent that a coup ling 
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constant has bee n  removed from the s ignal wh ich is ass igne d 

to the hydrogen at the C - 1  ( 3 . 5  ppm) pos it ion of the cyclo-

hexenyl r ing . Therefore , a deuter ium is present on the 

carbon atom adj acent to th is pos it ion . The broad s igna l 

from 1 . 5  to 2 . 5  ppm upon integra t ion shows a los s of two 

hydrogens . Unf ortunate ly , the spectr um is not reso lved 

we l l  enough to make pos it ive ass ignments . However , certa in 

f e ature s are c le ar . Inte grat ion of the s igna ls conf irms 

that two deut er ium atoms are s t i l l  present in the mo lecule . 

These atoms are located ne ither at the o lef inic carbons nor 

at the C - 1  pos it ion of the cyc lohexeny l r ing . They are , 

however , loc ated adj acent to these pos it ions . 

� 
· ,  

I 
.... 

0 
" ....{""\ P h - C  "r( 

D O  

+ ... ( I t  

F igure 8 .  �3 - ( c is - 5 , 6 -Dideutero ) -cyc lohexeny l pheny l ketone . 
Solvent : ---carbon tetrachlor ide . 
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3 .  �3 - ( 4-Deutero ) -cyc lohexeny l Phenyl Ketone 

The spectrum for the monodeuterated cyc lohexeny l 

pheny l ketone ( F igure 9 )  very c lose ly resembles that of the 

undeuterated mater ial  except that only one olef inic hydrogen 

is present as determined by integrat ion of the olef inic 

s ignal at 5 . 7  ppm . Irrad iat ion of this s ignal ( sp in decoup-

l ing ) co llapses the small  shoulder at 2 . 3  ppm . Th is small  

shoulder is also co l lapsed by  irrad iat ing the C - 1  ( 3 . 5  ppm) 

hydrogen s igna l . Therefore , the shoulder peak is the 

response from the C-2  carbon pos it ion , and hydrogens are 

present on the carbons adj acent to it . Th is conf irms the 

pos it ion of deuter ium in the C-4 pos it ion . 

I 
u 

-

0 

Ph - C ' D " -o-

-

F igure 9 .  �3 - ( 4-Deutero) - cyc lohexeny l phenyl ketone . 
Solvent : Carbon tetrachlor ide . 

+ ... , .. 
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4 .  3 -Benzoy lad ipic Ac id 

In F igure 10 the signa l at lowest f ie ld ( 7 . 7  ppm) , 

the phenyl group , is sp lit into two maj or port ions. By 

ana logy to the cyc lohexeny l r ing (ma inta ining the s ame 

c arbon- numbering system) the hydrogen located at the C-1 

position is assigned to the broad s ignal at 4.0 ppm. 

Continuing upfie ld there are three sets of dist inct s igna ls 

centered at 2. 7 ,  2. 3 ,  and 1. 7 ppm. These are ass igned to 

the C- 2 , C-6 , and C-5 hydrogens respect ively. These ass ign-

ments were confirmed by sp in decoup ling. 

... 7.0 
I 

... 

-

... 

� . / CH2 - C H2 - C02H 
Ph -C - C - H  

' CH2- C02 H 

Figure 1 0. 3 -Benzoy ladip ic ac id . 
PhCOCH ( CH2 C02 H) ( CH2 CH2 C02 H) 

-

. .. 

( 1 ) ( 2 ) ( 6 ) ( 5 )  c arbon- number ing sys tem 
Solvent : Deuterated dimethy lsulfoxide. 

. ":/"  
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5 .  3 -Benzoy 1 -4 , 5 -d ideuteroad ipic Ac id 

In F igure 11 the s ignal ass igned to the C-1 pos i t ion 

( 4 . 0  ppm ) has been sharpened due to the loss of a coup l ing 

const ant . Th is pl aces deuter ium on the ca rbon adj acent to 

this pos it ion . The s igna l at 2 . 7 ppm is unchanged and 

exh ib its two hydrogens on integrat ion ; it is there f ore the 

C-2 pos it ion . The s ign als at 2 . 3  and 1 . 7  ppm ( C - 5 )  both 

integr ate to one hydrogen . The s igna l at 2 . 3  ppm ( C-6 ) is 

coup led to the hydrogen at 4 . 0  ppm , and th is was conf irmed 

by sp in decoup l ing exper iments . Also the we ak quartet at 

1. 7 ppm has co l l apsed to pr inc ipa l ly a doub let ind icat i ng 

that it is be ing sp l i t by only one hydrogen . Th is f ixe s 

the pos it ion of de uter ium to the loc at ions i l lustrated . 

I 

.. 

-

F igure 1 1 . 3 -Benzoy l -4 , 5 -d ideuteroad ip ic ac id . 
PhCOCH ( CHz COz H) ( CHDCHDCOz H) 

( 1 ) ( 2 ) ( 6 ) ( 5 ) carbon number ing sys tem 
Sol vent : Deuterated d ime thy lsulfox ide . 
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6 .  2 -Phenyl-2 -nortr icyc leno l 

In the spectrum of the pheny lnortr icyc leno l 

( F igure 1 2 )  the pheny l group is at low f ie ld and the 

hydroxyl hydrogen is loc ated at 2 . 7  ppm . The doub let at  

2 . 2  ppm is  attr ibuted to the syn-6 hydrogen ( the syn is  in 

reference to the hydroxy l group ) . Cont inu ing to h igher 

f ie ld the br idgehead hydrogen at the C- 1 pos it ion is 

ass igned to the response at 1 . 7  ppm . At 1 . 3  ppm is found a 

port ion of the doublet attr ibuted to the ant i-6 hydrogen .  

The three hydrogens at C-3 , C-4 , and C-5 are ass igned to 

the s ignal at 1 . 2  ppm . S ince these hydrogens are equiva lent, 

they produce a s ingle response . Incorporated in th is s igna l 

is the rema ining port ion of the doublet from the ant i-C-6 

hydrogen . At 1 . 1  ppm is the response ass igned to the two 

C-7  hydrogens . 

7 .  6 -ant i-Deutero-2 -phenyl-2 -nortr icyc lenol 

I n  the deuterated phenyl-nortr icyc leno l  (F igure 13 ) 

the doublet due to the syn-C-6 ( 2 . 2  ppm) hydrogen has 

almost col lapsed because the other hydrogen on th is carbon 

has been replaced by deuter ium . A coup l ing cons tant has 

been removed from the br idgehead hydrogen response at 

2 . 1  ppm as ev idenced by the decrease in width at one-half 

the s ignal peak he ight . At 1 . 3  ppm there is s t i l l  a small 

s ignal due to hydrogen in the ant i-C-6 pos it ion . The 

doublet does not comp lete ly d is appear as the init ia l 
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F igure 1 2 . 2 -Pheny l-2-nortr icyc lenol . 

.L J. � 

Solvent : Carbon tetr ach lor ide . 

I 
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I 
I - -i i 
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I ' z:bPh � I ; OH 
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F igure 13 . 6 - ant i-Deutero- 2 -pheny lnor t r icyc leno l . 
Solvent=--carbon t e tr achlor ide . 
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mater i a l  was deut erated only t o  the ext ent o f  9 2  per cent , 

the rema in ing 8 per cent is hydrogen and d is tr ibuted be tween 

two pos it ions . The as s ignment of the C - 3 , C-4 , C - 5  

hydrogens and the C - 7  hydrogens a t  1 . 2  ppm a n d  1 . 0  ppm 

respect ive ly rema in unchanged . 

8 .  7 -Hydroxy- 7 - syn-pheny l - 2 -exo-hydroxy norbornane 

I n  F igure 14 , a spect rum of the ant i-d io l , the 

hy droxy l hydrogens are loc ated at 5 . 4 ppm wh i le the tr ip let 

at 4 . 0  ppm is attr ibut ed to the endo-C - 2  hydrogen . Cont in­

ui ng upf ie ld the broad s ignal f rom 2 . 2 - 2 . 9  ppm can be 

reso lved into two maj or port ions . The port ion from 2 . 6 -

2 . 9  ppm is ass igned to the br idgehe ads C- 1 and C-4 with the 

C-4 hydrogen be ing the component at h igher f ie l d . The 

other port ion of t he s igna l  from 2 . 2 - 2 . 6  ppm is ass igned 

to the �-C-6 and exo -C - 5  hydrogens . T he apparent doub let 

at 1 . 8  ppm represents t he two hydrogens loc ated at the C-3 

pos it ion . At h ighest f ie ld is found the endo-C- 5  and endo ­

C-6 hydrogens . The se are the most sh ie lded hydrogens in the 

mol ecule . 

9 .  endo- 5 , 6 -D ideutero-7 -hydroxy- 7 -�-pheny l- 2 -exo­

hydroxynorbornane 

In the deuter ated ant i-d io l  ( F igure 15 ) the hydroxy l 

s igna ls are broad due to a lack of hydroch lor ic ac id which 

a l lows the r ap id exchange of hydrogen necessary to produce 
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HOrh 

�OH 

F igure 14 . 7 -Hydroxy - 7 -syn-phe ny l - 2 -exo-hydroxynorbornane . 
So lvent : Pyr idine-with a trace-0f hydrochlor ic ac id . 

I + ... ( 1 1  ... u ... 

± 
- - - o >:!'  

! 

F igure 15 . endo - 5 , 6 -D ideutero-7 -hydroxy-7 -syn-pheny l- 2 -
exo-hydroxynorbornane . 

---

Solvent : Pyr id ine . 
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a sharp hydroxy l hydrogen s ignal . As seen from the spectrum ,  

coup l ing constants have been removed from the br idgehead 

hydrogen responses at 2 . 6 and 2 . 9  ppm and from the exo-C- 5  

and �-C-6 hydrogens at 2 . 2  and 2 . 6  ppm .. The s igna ls for 

the endo-C - 5  and endo-C-6 hydrogens at 1 . 4  and 1 . 2  ppm have 

v irtual ly d isappeared . The rema inder of the spectrum 

remains unaf fected . 

1 0 . 2 , 5 -eio-Dihydroxy- 2 -pheny lnorbornane 

In the spectrum ( F igure 16 ) of the 2 , 5 -exo-hydroxy-

2 -pheny lnorbornane the hydroxy l s ignal is found at low 

f ie ld ,  6 . 0  ppm . The isolated mult iple s ignal  at 4 . 0  ppm is 

attr ibuted to the endo-C-5  hydrogen . The next s ignal  

encountered , 2 . 7  ppm , ·results from the unreso lved br idgehead 

hydrogens with the C-1  hydrogen be ing at s l ight ly h igher 

f ie ld . The two hydrogens at C-7 are ass igned to the 

responses at 2 . 6 and 2 . 3  ppm . The s ignal attr ibuted to the 

C-3 hydrogens is part ial ly sp l it and is located at 2 . 1  ppm . 

The broad mult ip le s ignal centered at 1 . 6  ppm is ass igned 

to . the C-6 hydrogens . 

1 1 . 4 , 7 -Dideutero-2 , 5 -exo-d ihydroxy-2 -pheny lnorbornane 

In F'igure 1 7 . the spectrum of the deuterated · exo-2 , 5 -

d ihydroxy-2-pheny lnorbornane hydrogen has been lost from· the 

broad s ignal at 2 . 7  ppm attr ibuted to the br idgehead hydro­

gens . The miss ing hydrogen is ident if ied as the C-4 
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F igure 16. 2, 5-exo-Dihydroxy-2-phenylnorbornane. 
Solvent : Pyrid ine. 
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Figure 17. 4, 7-Dideutero-2, 5-exo-dihydroxy-2-phenyl-
norbornane. 
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Solvent : Pyridine. 
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hydrogen because the coup l ing constant has d isappeared from 

the s igna l at 2 . 1  ppm wh ich is ass igned to the C-3 hydrogens . 

Integrat ion of the endo-C- 5 ( 4 . 0  ppm) hydrogen shows the 

presence of only 0 . 96 hydrogens ins tead of the expected 1 . 0  

hydrogens . The br idgehead hydrogens integrate to approx i­

mate ly 1 . 2 0 hydrogens versus the expected value of 1 . 0 8 

hydrogens which would be expected if the initial  deuterat ion 

was only 9 2  per cent comp lete . Theref ore , approx imate ly 

12 per cent of the hydrogens at the endo-C- 5  pos it ion are 

deuter ium . A hydrogen at the C-7 pos it ion has a lso been 

rep laced by deuter ium . The response at 2 . 3  ppm ( attr ibuted 

to the hydrogen ant i to the hydroxy l pheny l group ing) has 

v irtua l ly d isappeared . 

1 2 . 2 , 6 -endo-c is-Dihydroxy-2-phenyl-bicyc lo [ 3 . l . l ] heptane 

The bicyclo [ 3 . l . l ] heptane compound is shown in 

F igure 1 8 . The response at 4 . 6 ppm is attr ibuted to the 

�-C-6 hydrogen . The two hydrogens at the C-7 pos it ion 

are centered at 2 . 9  ppm , and both the exo and the endo 

hydrogens on the C-4 pos it ion are ass igned to the broad 

s ignal from 2 . 4-2 . 8  ppm . The two hydrogens on the C- 5 

c arbon are adj acent to this s igna l  and are at a h igher 

f ie ld strength , 1 . 8 - 2 . 3  ppm . The bridgehead hydrogens C- 1 

and C-3 are ass igned to the multip le spl itt ing pat tern from 

1 . 0- 1 . 7 ppm . 
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F igure 1 8 . 2 , 6 -endo-c i s -D ihydroxy - 2 -pheny lbicy c lo [ 3 . 1 . 1 ] ­
hept ane . ---- ---

Solvent : Pyr id ine . 

1 3 . 4 , 5 - c i s-exo -D ideutero-2 , 6 -endo-c is-d ihydroxy - 2 -pheny l-

b icyc lo ( 3 . l . l ]heptane 

I n  the deuterated bicyc lo ( 3 . l . l ] heptane compound 

( F igure 1 9 ) the exo-C-6 hydrogen at 4 . 6 ppm now appears as 

a doub let , each port ion of which is itse lf an unreso lved 

double t .  Sp in decoup l ing exper iments show it is coup led 

pr imar ily w i th the C- 1 br idgehe ad .  I f  the function a l  

groups are cons idered t o  b e  o n  the same cyc lohexane r ing 

sys tem then this system can have two conformat ions , e i ther 

a boat or a cha ir form . I n  the boat pos it ion the exo-C-6 

hydrogen would be c lose to a 9 0° ang le with the br idgehe ad 

hydrogen where as in the cha ir conf ormat ion this ang le wou ld 
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F igure 19 . 4 , 5 -c is-exo-Dideutero-2 , 6 -endo-c is-dihydroxy­
pheny l-biejelo[ 3 . l . l ] heptane . 

---- ---

Solvent : Pyr id ine . 

approx imate 3 0° . Since these two hydrogens are s trongly 

coupled , the f avored conformat ion is the chair form . The 

responses at 2 . 6 and 1 . 9 ppm are ass igned to the endo-C-5  

and endo-C-4 hydrogens respect ive ly . The C-4  hydrogen is 

at lower f ie ld due to the c lose prox imity of the hydroxyl 

groups . The br idgehead hydrogen at C-3 forms an ang le of 

approx imate ly 9 0° with the C-4 hydrogen when the mo lecule is 

in the cha ir conformat ion and thus does not couple to any 

apprec iable extent with this hydrogen . The pr imary source 

of coupl ing with the C-3 hydrogen is with a C-7 hydrogen .  

The syn-C-7 hydrogen appears to be the one at lowest 

f ield as th is is the set of s ignals that is collapsed 
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when irrad iated by the C-3  hydrogen . The syn-hydrogen ang le 

w ith respec t to the br idgehead hydrogens is about 3 0° wh i le 

0 the ant i -hydrogen is very c lose to 9 0  . The C-1 br idgehead 

hydrogen shares a s imi lar re lat ionsh ip . Integra t ion shows 

that two hydrogens were los t from the C-4 ( 2 . 4 - 2 . 8  ppm) and 

C - 5  ( 1 . 8 - 2 . 3  ppm) pos it ions . The deuter ium in these 

pos it ions mus t  be in the exo-conf igurat ion due to the loss 

of the coup l ing const ant with the C-6 pos it ion and a s im i lar 

loss with the C - 3  ( 1 . 0 - 1 . 7  ppm ) pos it ion . 

14 . 2 , 7 -�-D ihydroxy-7 -pheny lnorborn ane 

I n  the undeuterated syn- 7 -d io l  (F igure 2 0 )  the 

response at 4 . 0  ppm is ass igned to the two hydroxyl 

hydrogens . Th is s igna l is part ia l ly super imposed on the 

tr ip le t  of the endo-C -3 hydrogen wh ich is centered at 

3 . 8  ppm . Cont inu ing upf ie ld the C- 1 and C-4 br idgehead 

hydrogens are loc ated at 2 . 6 and 2 . 4  ppm respe c t ive ly . The 

two hydrogens at the C- 2 pos it ion are ass igned to the maj or 

doublet at 2 . 0  ppm wh i le the hydrogens on the C-5 and C-6 

pos it ions form a quartet that is centered at 1 . 1 ppm . The 

endo-C - 5  and endo-C-6 hydrogens are attr ibuted to the two 

observable s igna ls of the quar tet at h igher f ield wh i le the 

� hydrogens are ass igned to the two s ignals at lower f ie ld .  

The � s igna ls are broader bec ause they are coup led with 

the br idgehead hydrogens . 
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F igure 2 0 . 2 , 7 -syn-Dihydroxy- 7 -pheny lnorbornane . 
Solvent : -neuteroch loroform . 

15 . 3 , 6 -endo-D ideutero- 2 , 7 � syn-dihydroxy-7 -pheny lnorbornane 

I n  the deuterated form of the syn-7 -d io l  (F igure 2 1 )  

the maj or triplet o f  the endo-C-3 hydrogen i s  not present 

in the deuter ated compound . Both br idgehead pos it ions 

cont inue to integr ate to one hydrogen each but the C-2  

pos it ion shows a loss of one hydrogen . A hydrogen has also 

been lost from the C-5 and C-6 pos it ions . The hydrogen 

here was lost from the endo pos it ion , i . e . , from the port ion 

of the quartet at h igher f ie ld . Such an interpret a t ion is 

c ons istent · with hav ing deuter ium atoms located at the endo-

C-5  and endo-C-2 pos it ions . 
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. F igure 2 1 . 3 , 6 -endo-D ideutero- 2 , 7 -syn-d ihydroxy - 7 -pheny l-
norbornane:--

---

So lvent : Deuterochloroform . 

16 . 2 -exo-Pheny l - 2 -hydroxy- 5 -exo-hydroxynorbornane 

I n  the compound dep icted in F igure 2 2  the apparent 

doub le t at 4 . 4  ppm is attr ibuted to the endo-C- 5 hydrogen ,  

and the endo-C-6 hydroge n s igna l i s  ass igned to the large 

quartet that is centered at 3 . 2  ppm . The C-4 and C- 1 

br idgehead hydrogens l ie c lose together at 2 . 6  and 2 . 7  ppm 

with the C - 1  hydrogen be ing at h igher f ie ld . Cont inu ing 

upf ield the exo-C- 3  hydrogen s ignal is loc ated at 2 . 4  ppm , 

and the syn-C - 7  hydrogen is found at 2 . 0  ppm . The endo-C- 3 

hydrogen is at 1 . 7  ppm whi le the ant i-C - 7  and exo-C-6 

hydrogens are ass igned to the response at 1 . 5 ppm . The two 

broad s ignals at 6 . 0 ppm are the hydroxy l hydrogens . They 
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are broad bec ause n o  hydroch lor ic ac id was added to permit 

the rap id exchange of hydrogen nece ssary to produce a 

sharp re sponse . 

I 
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F igure 2 2 . 2 -exo -Pheny l - 2 -hydroxy - 5 -exo-hydroxynorbornane . 
Solvent-:--Pyr id ine . 

---

1 7 . 5 -endo-6 -exo-D ideutero - 2 -endo- 5 -exo-d ihydroxy - 2 -

phenylnorbornane 

The deuterated compound is i llustrated in F igure 2 3 . 

The s igna l at 4 . 4 ppm e�h ib ited by hydrogen at C - 5  in the 

undeuterated compound ( F igure 2 2 , above ) is v irtua l ly 

absent in  the present spectrum . The res idua l s ignal inte-

grates to 0 . 14 hydrogens . The expected va lue is 0 . 0 8 

hydrogens due to incomp lete deuterat ion of the start ing 

compound , 5 -nor bornene - 2 -o l . The " extra" hydrogens can be 
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attr ibuted to a d isp lacement of deuter ium from t h is pos i t ion 

to the br idgehead C-4 pos it ion at 2 . 6  ppm , the only pos it ion 

ava i l able to it . Unfor tunate ly , bec ause of the complex ity 

of the s ignal , the integr ation is not accurate enough to 

permit a r igorous exam inat ion of this area . The large 

quar tet centered at 3 . 2  ppm and ass igned to the endo-C-6 

hydrogen in the undeuter ated compound ( page 6 6 )  is an 

apparent s ing let in the deuterated compound because of the 

loss of coupl ing with the exo-C-6 hydrogen and the endo-C-5 

hydrogen .  I ntegrat ion shows that a hydrogen , as expected , 

has been lost f rom exo-C-6 and the ant i-C-7  hydrogen group 

centered at 1 . 5  ppm . 

I 
.. 

Ptl:Jh 
HO 

OH 
0 

-�� 

.. 

. ,.... 
0 01  

F igure 2 3 . 5 -e ndo-6 -exo-D ideutero-2 -endo-5 -exo-d ihydroxy-
2 -phenylnorbornane . 

-- --

So lvent : Pyr id ine . 
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1 8 . 2 , 3 -endo-D ihydroxy- 2 -pheny lnorbornane 

The spec trum of the d i -e ndo-d io l  is shown in 

F igure 2 4 . The doub let at 4 . 2  ppm is ass igned to the exo-

C - 3  hydrogen . I t  is sp l it by the br idgehe ad hydroge n and 

is we ak ly coup led with the exo-C-5 hydrogen . At 2 . 6 - 3 . 0  ppm 

is a broad s ignal attr ibuted to the br idgehe ad hydrogens 

with the C-4 hydrogen be ing at lower f ie ld .  The endo-C - 5  

and e ndo-C-6 hydrogens are loc ated a t  2 . 3  ppm . They are · 

desh ie lded by the c lose prox im ity of t he hydroxy l groups and 

thus are at lower f ie ld than usual ly expec ted . T he s igna l 

at 1 . 4  ppm represents four hydrogens , name ly the exo-C - 5  

and exo-C-6 hydroge ns , a n d  bo th o f  the hydroge ns at the C-7 

pos it ion . 

I 

... 

-

���Ph 
�OH 

OH 

... ... 

F igure 24 . 2 , 3 -e ndo- d ihydroxy-2 -pheny lnorbornane . 
Solvent : Pyr id ine . 

,..,. 
0 CJI 
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1 9 . 5 , 6 -exo-Dideutero- 2 , 3 -endo-d ihydroxy - 2 -pheny lnorbornane 

I n  F igure 2 5  is il lustrated the deuterated d i-endo­

d io l . The e f fects of deuter ium in the compound are evident 

by the decrease in w idth of the s igna ls at one -ha lf peak 

he ight whe n compared to the correspond ing s igna ls in the 

undeuterated compound ( F igure 24 ) . I n  each case ment ioned 

the narrowing of the response s ignal is due to the loss of 

a coup l ing cons t ant . 

The �-C-3 hydrogen at 4 . 2  ppm , the C - 1  hydrogen at 

2 . 7 5 ppm , and the endo-C-5 and endo-C-6 hydrogen responses 

at 2 . 3  ppm have all lost coup l ing constants due to replace­

ment of the �-C-5 and exo�C-6 pos it ions w ith deuter ium . 

Proton integrat ion conf irms the loss of two hydrogens f rom 

the response at 1 . 4  ppm wh ich conta ins the exo-C-5 and 

exo-C-6 hydrogens . 



I 
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-
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F igure 2 5 . 5 , 6 -exo-Dideutero-2 , 3 -endo-d ihydroxy- 2 -pheny l-
norbornane:-

----

Solvent : Pyr id ine 



CHAPTER IV 

RESULTS 

A .  PRODUCT YIELDS 

. The y ie lds of products , both acet ates and a lcohols , 

obta ined from the · two d ifferent amines are shown in Table I .  

The f igures recorded for the results of l iquid chromatog­

raphy are prese nted in mo le percentages based upon the 

number of mole s of the or ig inal am ine • . Re covery is only 

8 5 . 5  per cent . T he a lmost 15  per cent loss can be attr i­

but ed to : 

1 .  The · me thod of recovery of produc t • . The 

me thod used cons isted of pass ing a stream 

of a ir into an Er lenme ye r f l ask to remove 

so lvent wh i le heat ing the f l ask on the 

steam bath . 

2 .  Incomp le te react ion of the amine . A l l  

water- so luble compone nt s would have been 

lost pr ior to plac ing the mater i a l  on 

the · co lumn of a lumina . 

The me thod of recovery account ed for no measurab le loss of 

pr oduc t in the a lcohols as co lumn y ie ld was 1 0 0  per cent . 

I t  is a lso doubt ful that any loss occurred when the products 

were in the ac e t ate form . Th is is based o n  t he observat ion 

t hat from a g ive n de aminat ion samp le the rat ios of acet ates 

7 1  
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TABLE I 

PRODUCT Y I ELDS 

�Ph 
D OH 

I N H  2 

Liquid E lut ion 
( norma l ized) 

1 8 . 8  2 2 . 2  

6 . 4 7 . 6 

2 0 . 8  2 3 . 5  

3 . 0  3 . 6 

1 8 . 9  2 2 . 2  

4 . 8  5 . 7 

4 . 0  4 . 8  

8 . 8  1 0 . 4  

8 5 . 5 * 

J:rPh 
OH 

N H 2  

Ace t ates 
( vpc)  

1 8 . 4  

. 8 . 1  

2 2 . 1  

3 . 0  

2 2 . 3  

9 . 7  

5 . 5 

10 . 4  

*Mole per cent recovered f rom s t art ing amine . 

�OH Ph 
II NH2 

Acet at e s  
( vpc ) 

0 . 4  

2 2 . 3  

2 9 . 2  

1 . 7  

2 . 9  

3 7 . 2  

6 . 3 

? 
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as ana lyzed b y  vpc are the same rat ios that one obta ins 

af ter : the same s amp le has been reduced with l ithium aluminum 

hydr ide . However , there are fewer minor component s in the 

alcohol spec trum . The d if ferences in the spectr a are attr i-

buted to the lo ss of compone�ts that are water so luble and 

are not · reduce� to a lcoho ls by l ithium aluminum hydr ide . 

Therefore , incomp lete convers ion of the am ine to the de s ired 

ace tate produc ts repre sents the maj or loss . 

B .  J�t�ACT ION . PATHWAYS BASED ON NMR INTERPRETAT IONS 

1 .  Format ion of the Cyc lohexe nyl Phe nyl Ke tone 

S ince the cyc lohexeny l pheny l ketone ( compound 1 ,  
-

F igure 4 ,  page 2 6 )  presumably can ar ise from bo th ions M 

and N ( F igure 2 6 ) ,  there was some quest ion as to what route 

ac tua l ly was involved . With deuter ium in the �-5 , 6  

pos it ions of ' the am ine the produc t would have the same 

de�terium d istr ibut ion ir respect ive of whe ther the compound 

was formed from ion . M or ion N .  

However , w i th deuter ium in the exo - 2  pos it ion of the 

amine it · iS poss ible to d if f erent iate . If  formed through 

ion M ,  the deuter ium would be the o lef inic hydrogen in the 

C3 pos it ion of the cyc lohexeny l r ing . Whereas if the ion 

proceede d  f rom ion N, the deuter ium would . be in the C� 

po s it ion o f  the r ing . As d iscussed in the exper imental 

port ion of the d issertat ion , the deuter ium was found in the 



! 

Ph 
( I�'OH ) 

I "" - · . ......,) 
+ D D � 

l � 
N 

1 

D 
0 0 

b-g- Ph 
-o-11 

D C - Ph 

F igure 26 . Format ion of cyclohexenyl pheny l ketone . 
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c4 position with no evidence for any deuterium in the c3 

position. 

2. Deamination of the 2-endo-Hydroxy�2-phenyl-3 -endo-amino­

norbornane-5 , 6-dz 

The deuterium distributions resulting from the deami-

nation of this compound are summarized and illustrated in 

Figure 27 . 
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CHAPrER V 

DISCUSS ION OF RESULTS 

Fol lowing is an explanat ion of the produc ts obta ined 

and of the y ie lds l isted in Table I ( page 7 2 ) . In the 

nitrous ac id deaminat ion of an am ine in glac ial  acetic ac id 

buf fered with sod ium acet ate , the diazonium acet ate ( or the 

diazonium cat ion and the ace tate anion) decomposes with 

evo lut ion of nitrogen , le av ing a posit ive charge on the 

bicyc lic fragment and a negat ive charge on the acetoxy l ion , 

the latter being ref erred to as the counter ion . Referr ing 

to am ine I as dep icted in F igure 2 8 , we see that if the 

exo-pheny l group is cons idered to be or iented upward ( i . e . , 

"above" the cyc lohexane r ing as represented in F igure 2 8 ) , 

then the d iazon ium group and subsequently the counter ion 

will  be located "be low" the cyclohexane r ing . When amine I 

ionizes by way of the d iazon ium salt , the initial carbonium 

ion is an ope n ion . *  Ion A ,  formed directly from amine � '  
must be c lassical in charac ter because it undergoes all  

four of  the fo llowing react ions : 

*An open or c lass ica l  ion can be · de f ined as an ion 
wh ich in its ground state does not have ser ious ly de loc al­
ized bonding s igma e lec trcins � Converse ly , a nonc las s ical  
ion may be  def ined as an  ion that in  its  ground state has 
cons ider ably de loc a l ized s igma- bond ing elec trons . 

7 7  
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1 .  · Co llapse with the acetoxy l counter ion . This 

results in the format ion of the di-endo-d iol 

( compound 8 ) . 
� 

2 .  Hydr ide shif t to form ion B ,  wh ich then goes 

to produc t 7 .  
� 

3 .  A Wagner-Meerwe in rearrangement ( 6 , 2-carbon 

sh if t ) , which results in the formation of 

ion D ,  lead ing to products l and 1, and to 

ion E .  

4 .  A Wagner-Meerwe in rearrangement ( 1 , 2 -carbon 

sh if t) y ield ing ion G and compound 1· 
S ince ion A c an undergo attack from both the exo. and endo-

pos it ions , it must be cons idered an open c las s ical ion . 

The s ituat ion in ion D ,  however ,  is not so clear . In the 

init ially formed ion ,  A ,  the acetoxyl counter ion is 

loc ated beneath the charge center ( as the s tructure is shown 

in F igure 2 8 ) and must be reasonably close to the cat ion , 

because the ionizat ion proceeded by way of the d iazon ium 

salt , and the depart ing nitrogen left  without charge . In 

ion. D,  however , this counter ion is cons iderably removed 

from the charge center . The ion has suf fered a carbon 

shift , and the counter ion has been removed so that any 

stabil ization of charge rece ived because of its prox imity 

has been decreased . Ion D then avails itse lf of all  three 

of its pos s ible react ion pathways : ( 1 ) carbon-c arbon 
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cleavage, �3 -cyclohexenyl phenyl ketone, compound ! ; 

(2) solvent attack, the anti-diol,  compound 3 ;  and - -
( 3 ) hydride shift, · ion E .  

Ion E is prone to attack by the counter ion which 

yields the syn-7-diol, compound �'  in substantial quantity . 

The alternative to solvent attack on E is a Wagner-Meerwein 

rearrangement to form ion F • . If ion E were nonclassical 

this shift would be infinitely. fast, or, to rephrase it, 

�t for the shift would be zero, and the transition state 

to the nonclassical ion would have a lower �t than for the 

classical ion . 

Ion F has two reaction paths available . One path 

involves attack on the ion by solvent to yield exo-

diol--none of which was detected--or it may undergo a 

hydride shift to form ion C .  Ion C can react with solvent 

to yield !·  Analysis by nmr of the positions of the 

deuterium atoms in the sample of compound i which was 

obtained on the deamination of deuterated reactant 

(Figure 28 , page 78) confirms the route F to C to i '  and 

it can be calculated . that about 12 per cent of i is formed 

this way, placing . deuterium (D1 ) at the endo-C-5 position 

in compound i and at the bridgehead position (C4 ) in 

compound 1 ·  Although it appears impossible to determine 

from the available spectra the exact amount of D1 at each 
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minor ity pos ition in the two compounds , it i s  quite clear 

that the amount of deuter ium ( D1 ) is not the same in each . 

If  ion B and C were · one nonc lass ical ion instead of two 

equil ibrat ing c lass ica l  spec ie s ,  then the distr ibution of 

deuterium (D1 ) would have to be the same in both 7 and 4 .  
- -

S ince the distr ibution is not the same , these ions mus t be 

c lass ical  in nature . 

Cons ider next �he products ar is ing on deam inat ion of 

amine · I I  (F igure 2 9 ) . Here both the · le aving group and the 

counter ion with respect to ion F are in dif f erent pos it ions 

than they are when F is generated by a c ircuitous route from 

amine I .  That is , the counter ion now is next to the pheny l 

group and above the charge center as F is or iented in 

F igure · 2 9 . From ion F four reac t ion paths are poss ible : 

( 1 ) proton loss to form 2 -phenyl-2 -nortr icyc leno� £, ; 
( 2 ) hydr ide sh ift to form ion C ;  ( 3 )  Wagner-Meerwe in rear ­

rangement to produce E ;  or ( 4 ) at tack · by solvent to y ie ld
· 

diol . Th is last-ment ioned d iol  was not de tected , but it 

should be ment ioned as a poss ib i l ity . The acetoxyl counter 

ion must be next to the pheny l group of ion . C and close to 

the charge center . However , the maj or port ion of the 

react ion does not proceed through C ,  but rather by way of 

ion E .  This is not too surpr is ing s ince norborny l and 

subs t ituted norborny l cat ions are notor ious ly re luctant to 

r�act from an endo direct ion . 2 9 
The counter ion for ion E 
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is removed from the charge center , and E is thus in a 

f avorable position to react with solvent; in fact , a large 

amount of material (�) resulting from solvent capture of 

ion E is found among the products . A hydride shift converts 

E to D .  I n  ion D--derived f rom amine l i --the counter ion 

is in a position .for � attack and . is located next to the 

charge center . - Steric hindrance by the phenyl group must 

not be of much importance - here as a considerable amount of 

compound 2 was detected . However , there was only a trace 

of cyclohexenyl phenyl ketone (compound !) isolated . A 

possible explanation for this is that the counter ion ,  being 

favorably, situated, helps to stabilize the charge , whereas 

such stabilization is not possible when D is generated from 

amine · I .  

Following the foregoing sequence , ion A is produced 

by a Wagner-Meerwein rearrangement. . The counter ion should 

be located adjacent to the phenyl group and exo or above 

the charge centei as structure A is oriented in F igure · 2 9 . 

No product of exo-attack on , ion A was detected . Since the 

c�arge center is located on a carbon adjacent to t he phenyl 

group , both steric and . inductive ef f ects should be 

responsible for the low susceptibility to nucleophilic 

at tack exhibited by ion A. Further , little of the 2 , 6-�­

d ihydroxy-2-phenylbicyclo[3 . l . l]heptane product , i' · formed 

by Wagner-Meerwein rearrangement, was detected , which can 
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also be ascribed to the position of the counter ion above 

and adj acent to carbon no . 7 here , but below and opposite 

from carbon no . 7 when generated from amine I .  The 

preferred direction for ion A appears to be the formation 

of B through hydride shift . Ion B has the charge center 

located on the opposite side of the bridge from the counter 

ion . (which is in an unfavorable �-position) and should 

thus be in an excellent situation for attack by solvent . 

In f�ct , a substantial amount of product 1 resulting from 

�olvent attack on B was detected . Ion · B ,  �owever , c an also 

undergo Wagner-Meerwein rearrangement to yield ion C. The 

comments made earlier regarding this ion still apply . 

From both amine I and amine · I I  the ratio of products 

1 : i is greater than one. From . amine I the ratio is 1 . 3± 0 . 3 : 1 , 
· + 

and from amine I I  the ratio is 5 . 6 -1 . 1 : 1 .  The intermediate 

ions B and C from both amines I and I I ,  if they are re�arded 

as nonclassica l ions , should yield the same ratios of 

products � and 1 ·  The product ratios , however , are marked ly 

different , and . the discrepancy. cannot be explained if the 

ions are nonclassical , a lthough a rationa l  explanation can 

be contrived if the counter-ions can control the reactivi-

ties of the intermediate classical ions . 

One of the maj or conclusions of this dissertation 

is based upon the unequal deuterium (D1 )  distribution in 

the minority positions of products � and 1 · and the unequal 
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ratios of their products from two d ifferent amines . The 

conclusion is that the ions which are · the immed iate 

precursors (B and C) of these two products are classical 

ions . It then seems highly likely that all of the ions 

(F igures 28 and 29, pages 7 8  and 82, respectively) must 

also b� class ical in nature . I t  has often been stated 

that one of the properties of nonclassical norbornyl 

cat ions is extreme res istance to endo-attack to y ield endo­

products .
29 

I n  the deaminations of I and . I I , however , no 

endo-products were observed. Therefore , it becomes 

important to search for minute · quantities. of these products 

using a very sensitive technique , for it has never been 

established to what extent endo-attack · must take place in 

order for the intermed iate to be a classical ion . One way 

to determine the y ields of endo-products formed would be to 

repeat the - deaminations d iscussed here with reactants · ( !  and 

I I) labeled with carbon-14. By isotope-d ilution technique 

it should then be poss ible to detect extremely sma l l  

quantities of the - suspected products.
3 0  



CHAPTER VI  

CONCLUS ION 

. Based on the product analys is of the two d ifferent 

amines , . I and I I , : that must pass through s imilar inter­

med iates , it is d iff icult to presume that these intermediate 

cat ions are anyth ing but c lass ic a l  in nature and unsymmetr i­

cally so lvated . Nonc lass ical ions cannot be invoked here , 

s ince certain of the products are incompat ible with 

nonclass ical  precursors . 

F igure 26  ( page 74 )  i llustrates the react ion 

sequence le ad ing · to the cyc lohexeny l pheny l ketone . 

F igures 2 7  ( p age 7 6 ) and 2 8  ( page 7 8 ) represent schemat i­

cally the · accepted deaminat ion pathway for · the 

norborny lamines . 

8 6  
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