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Pyrolysis of exo-5-dimethylaniino-2-norbornene N-oxide gave a 32y0 yield of 2,5-norbornadiene (XI), whereas only 1.4y0 
of I1 was formed from the endo isomer. 2-Korbornene ( I V )  was obtained in yields of 65 and 2.97, from exo- and endo-2- 
dimethylaminonorbornane N-oxides, respectively. Thermal decompositions of the corresponding quaternary ammonium 
hydroxides also produced higher yields of olefins from the exo isomers; the ratio of the yields (exolendo)  of TI was 18.7 and 
that  of I V  was 22.0. I n  each case the amount of olefin formed by the Hofmann elimination reaction was greater than that 
from the corresponding amine oxide. The isomeric 5-carbo- 
methoxy-2-norbornenes and 3-carbomethoxynorbornanes have been equilibrated in the presence of sodium methoxide. 
Within experimental error, there is no change in the composition of the equilibrium mixtures a t  three temperatures between 
73.6 and 108.3’, the mean values of the equilibrium constants being 0.939 and 2.36, respectively. The significance of these 
values is discussed. 

A steric explanation for the observed results is presented. 

A comparative study of the amine oxide and 
Hofmann exhaustive methylation routes from 
tertiary amines to olefins has been extended to 
include the 5-dimethylamino-2-norbornenes and 
2 - dimethylaminonorbornanes. 1,3, - cis - Sub- 
stituents in these rigid bicyclic systems are held 
coplanar, a situation that  is favorable for an intra- 
molecular cis elimination of the amine oxide type,4 
while 1,2-tra.ns substituents cannot become co- 
planar without excessive strain (resulting in a 
higher activation energy for bimolecular trans 
eliminations) , 5  Parham has reported that thermal 
decomposition of the methohydroxide of endo-6- 
dimethylamino-2-norbornene (Ia) produced no 
2,5-norbornadiene (11) and inferred that this 
bicyclic diene is not easily formed.6 It was later 
shown that 11 could be obtained in good yield by 
the dechlorination of endo-cis- or trans-5,G-dichloro- 
2-norbornene with magnesium iodide7ts and in 
25% yield by dehydrochlorination of 5-chloro-2- 
norbornene.s Xeither endo-5-norbcrn-2-enyl ace- 
tate nor the corresponding xanthate formed ap- 
preciable amounts of I1 on pyrolysis.6 

We have now subjected endo-5-dimethylamino-2- 
norbornene (Ia) and exo-5-dimethylamino-2-nor- 
bornene (Ib) to the conditions of the amine oxide 
pyrolysis and Hofinann elimination reaction. In 
order to compare the influence of an ethano 
bridge relative to an ethylenic bridge on the amount 
of olefin formed in each of these elimination re- 
actions, endo- and exo-2-dimethylaminonorbornane 
(IIIa and IIIb,  respectively) were included in the 
stuCly. A reported example of a Hofmann re- 
action in the norbornane series is that  of ‘%phenyl- 
3-dimethylaminonorbomane,” (configuration not 
specified), however, the yield of the products was 
not given.9 
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Compounds Ia and Ib, each free from the other 
isomer, were prepared from endo- and exo-Bcarbo- 
methoxy-2-norbornene (Va and Vb) by appli- 
cation of the Curtius degradation followed by 
methylation. The product from the Diels-Alder 
addition of methyl acrylate to cyclopentadiene1° 

I I I H H C02CH3 H 
VIa VIb 

was shown by gas chromatography to contain 76y0 
of the endo ester Va and 24% of the exo isomer 
Vb. Preparations of Va previously described ac- 
cordingly probably contained Vb as an impurity. 
The pure endo compound was obtained by fractional 
(10) J. D. Roberts, E. R. Trumbull, Jr.. W. Bennett and R. Arm- 

strong, ibid., 72, 3116 (1950). 



distillation of this mixture. Sodium methoxide- 
catalyzed isomerization of the adduct afforded a 
tnixtbre enriched in the exo isomer from which the 
lower boiling Vb was distilled. Repeated fractiona- 
tion of the distillate gave pure Vb. 

Vb and VTa Frl: VIb (the 
latter produced by hydrogenation of the un- 
saturated compounds) have been studied with the 
aim of obtaining information concerning the rela- 
tive steric effects of an ethano and an ethylenic 
bridge and the interaction between the a-orbital 
of the double bond and Cs-endo substituents as in 
Va. For these investigations, mixtures of the fol- 
lowing composition were employed ; cxoiendo = 
6;  and endolexo = 12.5. The equilibrations were 
carried out in methanol solution with sodium 
inethoxide as the catalyst, and the compositions 
i d  the equilibrium mixtures were determined by gas 
chromatography. ,A.iialysis of standard mixtures 
of the endo and exo isomers indicated that  the 
percentage of each at equilibrium is accurate to 
*l% or less. The  same mixture of isomers was 
obtained starting from either side of the point of 
equilibrium. The results, summarized in Table I ,  

TARLO I 

The equilibria Va 

EQUILIBRIA BETWEEN ESTERS VA AXb t.'B AND BETIVEEN VIA 
AND \.'le 

T',rnpi, Time, '5; 'A K h , C  
Ester C. hours exu eiadn exo/ei ido 

7 3 . 6  60 49.0 51.0 0 .961  
Va e V b  90 .0  35 48 .1  51 .9  0.927 

108 .3  19 18.2 5 1 . 8  0.930 
73.6 60 7 0 . 8  29 .2  2 ,425  

VIa s \'Ibd 90.0  35 69 7 3 0 . 3  2.300 
108.3 19 7U P 20 8 2.856 

a T'alues 3z0.1". Mean values of the equilibrium con- 
stants are Kv,@vb = 0.939, K v ~ ~ ~ v I ~  = 2.360. Calcu- 
lated values for the thermodynamic functions are as  fol- 
lows: for \;a e Vb, AH = 0, AFgo0  = 45 cal./inole, A S  = 
K In K = -0.12 cal./mole"; for VIa VIb, AH = 0 ,  
AFgosao = -619 cal./mole, A S  = +1.71 cal./mole". The 
equilibrium mixture VIa VIb has previously been esti- 
mated to  contain 70-S0yc of the e m  isorner.l18 

show tha t  for both series of esters the point of equi- 
librium is constant within experimental error, over 
the temperature range of 73.6-108.3'. In order 
to preclude the possibility tha t  a rapid equilibra- 
tion was occurring during the isolation, a sample of 
Va, containing 7.470 of Vb, was heated under the 
same conditions for 1.5 minutes at 110'. Xfter 
recovery and analysis by gas chromatography, 
I 2.2y0 of Vb was found to be present. Accordingly 
the rate of isomerization is sufficiently slow so tha t  
little or no change in cornposition occurred during 
the isolation. ;It equilibrium, 48.5 + of Vb and 
51.3 =t 1% of Va were present, indicating little, if 
any, interaction between the carbonyl group of the 
ester and  the carboii-carbon double bond in the 
cndo isomer Va. The difference in position of 
equilibrium in the saturated and unsaturated sys- 
tems is not very large. The somewhat larger 
amount of ex0 isomer a t  equilibrium in the nor- 
bornyl series (70.2 + 170 of VIb and 29.8 f lyp 
of VIa) must be due to the 1,3-boat-axial inter- 
action between the endo-2-carbomethoxy group 
and the Ce-endo hydrogen atom. Steric inter- 
ferrnce between the CTO substituent in VTb and the 

Ci-sytz-hydrogen is presumably not as great. 
These observations are consistent with the acceptetl 
explanations for the greater stability of cvo 
norborneol1l and for e ro  additions to norhornenr 
and its derivatives.'? 

e.lztf3-j-Carboxy-~-iiorbornene hydrazide (T-Jla), 
prepared from t'a, was converted by a Curtius 
reaction in to methyl ehdc-"norDnmen-5-41 carbam- 
ate (VIIIa), which was reduced with lithium 
aluminuni h d r ~ d e ' ~  to Pndo-5-niethylamino-"- 
norbornene KXa). Alethylation of this amine 
by the Clarke-Eschweiler method afforded endo-,5- 
dimethylamino-2-iiorbornene (Ia) I The cor- 
responding eso isomer Ib  was prepared by the 
same sequence of reactions from Vh. The tertiary 

I , 
COzCHa CONHNH2 NHCOOCH3 

Va VIIa VIITa 

amines Ia and Ib  prepared in this manner were 
shown by gas Chromatography to be free of the 
other isomer. However, Ib  was found to contain 
approximately 5% of an impurity, the major part 
of which appears to be exo-~-dimethylaminonorbor- 
nane (IIIb). This conclusion is based upon 
identical retention times in gas chromatography 
and on the fact that  a small amount of 2-norbornene 
(11:) was found in the products of the amine oxide 
pyrolysis and the Hofmann elimination reaction of  
Ib. Furthermore, Ib absorbed only 9554 of the 
theoretical amount of hydrogen on catalytic hy- 
drogenation. Contamination of Ib  probably oc- 
curred during the lithium aluminuni hydride re- 
duction of the carbamate VIIb, since traces of 
impurities were found to be present in the second- 
ary amine \.'IIIb as well. 

endo- and eso-9-Dinietliylaniinonorbornane (111s 
and IIIb)  were prepared by  hydrogenation of the 
corresponding unsaturated amines. 

'The tertiary amines Ia, Ib, I I I a  and I I Ib  were 
converted to the amine oxides with hydrogen 
peroxide. The amine oxides (or their hydrates) 
obtained by concentration of these solutions were 
pyrolyzed and the yields c;f olefins were determined 
by gas chromatography because of losses occurring 
during attempted distillation of these highly 
volatile products. The  yields calculated fiom the 
chromatograms were corrected using conversion 
factors that  were obtained by analysis of solutions 
of the olefins of known concentration under the 
same conditions. The olefins produced in these 

(11) (a) I(. Alder and G Stein, A n n . ,  514, ? I 1  (193.1); (b) 625, 
183 (1936) 

(12) S. J. Cristol, K. P. Arganbright, C. I). Brindell and K. M. 
Heitz, THIS JOURNAL, 79, 60.35 (19571, and references cited therein; 
S. J. Cristol and R. P. Arganbripht, i b i d . ,  79. 6039 (1957). 

(13) R .  L .  Dannley, A I  1,ukin and J. Shapiro, J .  Org. C'he?>7,, 20, 92 
( l Q , 5 . 7 )  
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pyrolyses were identified by retention times in gas 
chromatography and by their infrared spectra. l4  

The methohydroxides of the tertiary amines 
were prepared from the methiodides by  reaction 
with silver oxide. The thermal decompositions 
and analysis and identification of the products were 
conducted as described for the amine oxides. The 
results are summarized in Table 11. 

TABLE I1 

QUATERNARY AMMONIUM HYDROXIDES OF endo AND ero-5-  

DIMETHYLAMINOSORBORNANE 

THERMAL DECOMPOSITION O F  THE AMINE OXIDES A S D  

DIMETHYLAMINO-2-NORBORSESE AXD endo- A N D  eX0-2- 

Amine 
Elimination Teomp., Olefin Yiel;. exo /  recovd. 

Amine reaction C. formed % eizdob % c  
Ia 
Ib 
Ia 
I b  
IIIa 
I I Ib  
I I Ia  
I I I b  

Amine oxide 
Amine oxide 
Hofmann 
Hofmann 
Amine oxide 
Amine oxide 
Hofinann 
Hofmann 

1iO-190 
187-200 
110-120 
110-125 
170--200 
110-133 
110-125 
90-110 

I1 28 
I1 32 13 

61 
I1 58 

25 
4 

IT- * 
I V  66 

I\' 77 1 

22 9 

22 4 

IV 3 5 22 53 

The yields are based on the amines in the case of the 
amine oxide pyrolysis, and on the methiodides in the case of 
the Hofmann reactions. Ratio of the J ields of olefin from 
the exo isomer and the endo isomer. e The balance of mate- 
rial could be accounted for by the presence of tarry residues 
in the decomposition reactions. 

A small amount of high-boiling material was 
isolated among the products of the pyrolysis of the 
amine oxide of Ib. Analysis of the picrate of this 
compound indicated that it had the formula Cy- 
H15SO. This product is tentatively assigned the 
structure O-(S-norborn-2-enyl)-h-,N-dirnethyl-hy- 
droxylamine (IX), which can Le visualized as 
arising by rearrangement of the amine oxide.'5 
A material, presumably 0-(2-norborny1)-N,S- 
dimethylhydroxylaniine iX) , having properties 
s h i l a r  to IX, was obtained by pyrolysis of the 

amine oxide of I I Ib .  That  these compounds 
differ only by the presence of two extra hydrogen 
atoms in X was demonstrated by the catalytic hy- 
drogenation of IX to X. Since pure Ib (recovered 
from the amine oxide pyrolysis) once again formed 
IX when subjected to  the conditions of the amine 
oxide decomposition, this by-product could not 
have originated from an impurity present in the 
tertiary amine Ib. Compounds IX and X were 
not characterized further. 

The results in Table I1 show that  the yields 
of olefins in the two elimination reactions are much 
higher in the ex0 than in the endo series, differing 
by  a factor of about 22. This preference for elimi- 
nation in the e.ro compounds is undoubtedly due 

(14) An authentic sample of 2,5-norbornadiene (11) was supplief 
by the Shell Development Co. ,  and 2-norbornene (IV) by  Professors 
J. D. Roberts and R. C. Lord. 

(15) Similar rearrangements of amine oxides have been observed: 
A. C. Cope and P. H .  Towle, THIS JOURNAL, 71 ,  3423 (1949); D.  W. 
Henry and E. Leete, ibid., 79, 5254 (1957). 

mainly to steric factors.'6 The endo quaternary 
nitrogen substituents are subject to large repulsive 
forces due to the 1 ,%ethylene or 5,C-ethano bridges. 
These non-bonded interactions make i t  more dif- 
ficult for the ammonium group to become coplanar 
with either a cis- or a fmns-@-hydrogen atom. 
Interactions between eso-groups and the C7-syn 
hydrogen atcni in the transition states for e h i -  
nation from Ib  and I I Ib  are not as great (cf. the 
discussion concerning the e.voGendo equilibria for 
the corresponding carboniethoxy compounds). 
Thus, the low yield of olefins obtained from the 
endo-amines viu both elimination routes can be 
attributed to  the fact that  the preferred coplanar 
orientation in the transition states cannot be at- 
tained readily. I t  would be expected that the 
steric strain would be greater in the case of the 
saturated compounds (from ITIa) because of the 
CE-endo hydrogen atom. However, as shown by the 
earlier described equilibrium studies, the dif- 
ference is not large. The close similarity of results 
for elimination from the two series probably is a 
result of the steric requirements of the quaternary 
nitrogen functions. Yields of 40 and 'TO7,, 
respectively, of bicyclo [2.2.2]octa-2,5-diene have 
been obtained by application of the Hofmann 
elimination reaction and the amine oxide pyrolysis 
to endo-5-dimethylamino bicyclo [%.%.S]o~t-2-ene, '~ 
which models indicate to have quite different steric 
effects from 5-dimethylamino-2-norbornene. 

The fact that  lower yields of olefins are obtained 
by the amine oxide route compared to the Hofmann 
elimination reactions described in this paper may be 
ascribed to greater double bond character in the 
transition state of the amine oxides, which would 
involve some steric strain. Other workers have 
also suggested that  the double bond is more highly 
developed in pyrolytic cis eliminations than in E2 
reactions. For example, Depuy and co-workers 
have reported that the double bond development 
in the pyrolysis of acetates determines the rate of 
elimination, whereas i t  is too small to be significant 
in the E2 reaction of sulfonium salts.l8 

The similar product ratios obtained from the 
Hofmann and amine oxide elimination reactions 

(16) An additional possible contributing factor is a type of anchi- 
meric assistance by the double bond (in the case of Ib) or the proximal 
Cs-saturated carbon atom (in I I Ib)  enhancing C-NJ bond breaking 
and which can only operate in the e x o  compounds Rhere the geometry 
is favorable. This effect implies partial Ei character for both elimina- 
tion reactions and would be expected to  be more likely for  t he  Hofmann 
elimination in which a medium of high polarity is involved. After 
this paper had been submitted for publication, J. McKenna and J. B. 
Singer ,  J. Chem. Soc., 275 (1958), reported evidence for  El kinetics 
and a Wagner-hleerwein rearrangement in the Hofmann elimination 
of neobornyltrimethylammonium iodide in boiling aqueous alkaline 
ethylene glycol, the products being camphene containing traces of 
bornylene and tricyclene. h-o camphene was found in the products of 
the pyrolysis of the dry quaternary hydroxide. It cannot be decided 
whether the Hofmann elimination of I I I b  involves a Wagner-Meerwein 
rearrangement or not because the products obtained by either of the 
two reaction mechanisms would be norbornene. However, no nor- 
tricyclene was detected in the decomposition products from I l Ib .  I t  
is estimated that  C,.02Yo of this hydrocarbon could have been detected 
in the vapor phase chromatograms of norbornene formed from I I I b  
(we are indebted to  Dr. P. Schleyer for an authentic sample of nortri- 
cyclene). 

(17) C. A. Grob. H. Kny and A. Gagneux, Heiv .  Chiin. Acto, 40, 130 
(1957). 

(18) C. H. Depuy and R. E. Leary, THIS JOURNAL. 79, 3705 (1957) 
C. H. Depuy and D .  H. Froemsdorf, ibid., 79, 3710 (1957). 
sults were obtained, however, in 2-phenylethyl systems. 

T h e  re-  



of norbornane and norborriene derivatives was 
quite surprising, and suggests the possibility that  
the quaternary aninionium hydroxides are de- 
composing by a cis elimination, perhaps via an 
ylid intennediate.'O A preference for cis-dehydro- 
chlorination over trans has been observed for the 
2,3-di~hloronorbornanes.~~ 

The higher yields of olefins obtained from IIIa 
and IIlL relative to those from the unsaturated 
compounds (Ia and Ib) in both thermal eliniinatioii 
reactions must be due in part to the strain asso- 
ciated with 2,5norbornadiene (11). 

Experimenta121 
endo-5-Carbomethoxy-2-norbornene (Va).-The Diels- 

Alder addition of methyl acrylate to  freshly distilled cyclo- 
peiitadiene'o yielded 84yo of endo-5-carbomethoxy-2-nor- 
bornene, b.p. 80-83' (12 inm.), T L ~ ~ D  1.4730 (lit.'O b.p. 
63.5' a t  5 .2  mrn., n% 1.4718). Gas chromatography 
showed this material to  be composed of 760/, endo and 247' 
cxo ester. Pure Va was obta.ined by repeated fractional 
distillation through a spinning band column (90 X 0.5-CIIl.; 
1550 r.p.m.; reflux ratio 20-3O:l); the receiving flask was 
cooled in Dry Ice-acetone. The foreruns were used in the 
preparation of tlie cxu isomer (see below). The endo isomer 
as obtained by fractional distillation boiled a t  88-88.5" (18 
mm.) ,  n% 1.4717. Gas chromatography showed i t  to  
contain less than 0.5% of the 6x0 ester. 

I "  

Attal. Calcd. for CnH1202: C, 71.03; H ,  7.95. Found: 
C, 70.91; H ,  7.93. 

rxu-5-Carbomethoxy-2-norbornene (Vb).-The foreruns 
from the distillation described above mere treated with 5 
mole per cent. of sodium methoxide and stirred at an oil- 
bath temperature of 105' for 12 hours. The reaction mis- 
ture was distilled without removing the sodium methoxide; 
the columu employed and the conditions were the same as 
described for thc distillatinu of the endo isomer. The dis- 
tillate contained about 90% of the e r o  and lOYo of the endo 
ester. I t  was redistilled twice (reflux ratio 35-f0:1) to  
afford B product coritaiiiing 0.6Yo of the endo isomer as de- 
termined by gas chromatography. exo-5-Carbometliosy-2- 
norborncne boiled at 86.5" (17 mm.), n Z 5 ~  1.4710. 

Anal. Calcd. for C8H1202: C, 71.03; 11, 7.95. Found: 
C, 70.98; H ,  8.13. 

mdo-2-Carbomethoxynorbornane (VIa).-Hydrogena- 
tion of endo-5-carbomethoxy-2-norbornene with prereduced 
platinum oxide as catalyst in methanol yielded VIa, b.p. 
70' (10 mm.),  d 5 ~  1.4625 (lit.P2 b.p. 82" a t  15 mm., nZoD 
1.4649). 

Anal. Calcd. for C9111402: C, 70.10; H ,  9.15. Found: 
C, 70.08; H, 9.30. 

exo-2-Carbomethoxynorbornane (VIb).-The exo isomer 
VIb, obtained in the same manner as the endo ester, boiled 
a t  72' (10 mm.), n Z 5 ~  1.4822 (lit.cz b.p. 84" at 15 mm., 
%*OD 1.4643). 

(19) The elimination reaction of quaternary salts with phenyl- 
lithium as the base has been reported by G. Wittig and R. Pclster, 
Ann. ,  599, 13 (195G). The  proposed mechanism (cf. also ref. 16) 
invrilves prior formation of an ylid intermediate followed by intra- 
molecular proton transier and collapse to  products. We have con- 
firmed this mechanism using deuterium tracer studies: N. A. LeBel. 
unpublished results. After this paper had been submitted for publica- 
tion, F. Weygand, H.  Daniel and H. Simon, Chem. Bel . ,  91, 1691 
(1958), reported evidence that  such a reaction also occurs to  some ex- 
tent in the thermal decomposition of ethyltrimethylammonium hy- 
droxide. 

(20) S. J. Cristol and E. P. Hoegger, THIS JOURNAL, 79, 3438 
(1857). 

(21) Melting points are corrected and boiling points are uncorrected. 
We are indebted to Dr. S. itf. S a g y  and his associates for analyses and 
to M r s .  Marianne Taylor for inirared spectra. The  spectra were ob- 
tained with a Perkin-Rlmer recording spectrophotometer, model 21, 
using a sodium chloride cell. The gas chromatographic analyses were 
obtained with 190 X 0.8-cm. Pyrex columns containing the liquid 
phase absorbents (as specified) on a 48-80 mesh firebrick support. 
The fractions from the chromatograms were eluted with helium (a t  
15 p.0.i.) and detected with a thermal conductivity cell. 

(22) H. Bode, Bel. ,  TO, 1167 (1937). 

Anal. Calcd. for C Q H ~ ~ O ~ :  C,  70.10; H, 9.15. Found: 
C ,  70.02; H, 9.30. 

Equilibrium Studies.-exu-5-Carbomethoxy-2-norbornene 
(Vb) containing 14.3% (by weight) of the endo isomer: ?a, 
arid endo-5-carbomethox~~-2-riorb~~rneiie (\'a) containing 
7.47, of Vb were used in the determination of the equilib- 
rium mixture. Tlie corresponding mixtures, obtained by 
hydrogenation in inet1i:inul with platinum oxide, were em- 
ployed for the drterrriiii,ition of the point of equilibrium of 
the sdturnted compounds (\'la +F? \,-Ib). 

Samples of 260 to 331 nig. of ester were trmted with an 
equal amount :by tvciglitj of anhJ-drous methanol and 20 
mole per cent. of sodiuni nietliuxide and heated in sealed 
tubes in a coiistaiit ternper'iture bath for the time specified 
in Table I .  The tubes were reniol-ed and immediately im- 
mersed in an ice-bath. Ether arid water were added t o  the 
reaction niisture, : L i d  thc layers were separated. The 
ether layer ir:is \rashed ivitli lvater until neutral and dried 
over magnesium sulfate. 

The dried ether srrlctii~ris \.rere analyzed by gas chroma- 
tography. For t!ic j-c~trboinethosl.-L'-norbornenes the de- 
termination mis c a r t i d  out a t  116' on a column packed 
with 26C5 b y  weiglit of t e t r a l iyd r i~x~c t l i~~ le t l i~ l ene  diamine. 
Tlie ~-carbc~mcriiox)-norb~~riianes were analyzed a t  105' on 

ked with :XI',; by weight of 3-inethyl-3-nitro- 
S;isttirc.s ha.ilrlg identical compositions 

) \rere cibtaiiied st:irting from Loth the endo 
soiiicrs, indicating that  eqtrilibrium had been 
ccises. Results are compiled in Table I. 

e~ndo-5-Carboxy-2-norbornene Hydrazide (VIIa) .-A solu- 
mole) of i~rzdo-6-c:irbomctiioxy-2-nor- 
g. (2.51 nloles) of 85C;. hydrazine hy- 
hmol  nas heated under reflux for 15 

hours. The mixture wLis evaporated to dryness under re- 
duced pressure on :i ste;,.iii-h:ith, and t!;e residue was washed 
\Yith cold n-hex'tnc :In old n-:iter, niid dried. The yield 
o f  the hydrazide x r i s  .i g .   SO.,?^:^, m,p.  97-99'. An 
analyticxl sample T Y ; ! ~  iht:ri:iid hy three crystallizations 
from a mixture of benzene :ind c~-cl~ihexane and melted a t  
98-99" (lit.9 m.p .  82-87'). 

.-lnel. Calcd. frir CaH12X;?O: C,  63.13; H, 7.95; N, 
lS.41. Found: C,  63.12; H,  7.86; N, 18.50. 

Methyl eiido-N-5-~orborn-2-enyl Carbamate (VIIIa).- 
~ndo-S-Carbox?.-2-iiort)[)riiene hydrazide (80 g. )  was dis- 
solved in a solutio11 of 51.5 g. of concentrated hydrochloric 
acid in 500 ml. of T i t i r .  Ether (500 nil.) was addcd and 
tlie mixture wis coo d to 0'. A solution of 36 g. of sodium 
nitrite in 80 nil. of witcr W:LS added dropwise with stirring 
to  this misture over a period of 30 minutes. The tempera- 

kept a t  0' b y  addition of small pieces of Dry Ice. 
turc was stirred for an additional 30 minutes, the 

ted, and tiic aqueous layer mas ex- 
tracted with two 100-1111. portions of ether. The combined 
extracts m r p  washed with dilute sodium bicarbonate soh-  
tion and dried over cdlciurn chloride. Absolute methanol 
(250 ml.) was added to  tlie filtercd ether solution, and the 
ether was distilled through a 30-cm. I-igreux column. De- 
composition of the azide, which set i ~ ]  during the fractional 
distillation, was completed by heating the methanol solu- 
tion under r d u x  for 12 hours. Evaporation of the solvents 
gave 53.5 g. (61C;) of the crude carbamate, m.p. 58-62'. 
An analytical ssmplc mas prepared by thrce crystallizations 
from n-hexane, m.p.  09-70" (lit.9 1n.p. 30-92"). 

Anal.  Calcd. for CoEilsKOL: 6, 64.05; H,  7.84; Pi, 
8.38. Found: C, 64.77; H, 8.03; N, 8.50. 

~ndo-5-Methylamino-2-norbornene (IXa).-To a suspen- 
sion of 30 g. of lithium aiurninum hydride in 600 ml. of 
anhydrous ether was added, with stirring, a solution of 50 g. 
of crude methyl endo-N-j-norl,orn-2-enq-1 carbamate (VIIIa) 
in 250 ml. of anhydrous ether a t  such a rate as to  maintain 
gentle reflux. The addition required 40 minutes. After 
being stirred for 30 minutes, the mixture was refluxed for 
18 hours. Tlie cscess lithium aluminum hydride was de- 
composed by the successive addition of 30 ml. of water, 30 
nil. of 15% aqueo:Is sodium hJ-droside solution and 90 nil. 
of water. The suspensio:i was stirred a t  room temperature 
for 1 hour and the white precipitate was remored by filtra- 
tion and washed with. ether. The combined ethereal soh-  
tions were extracted with two 100-ml. and two 50-ml. por- 
tions of 10% sulfuric acid. Sodium hydroxide pellets were 
added to the acid extracts with cooling and swirling; the 
amine was taken up in ether, and the aqueous layer was ex- 



tracted with three 100-ml. portions of ether. The  combined 
ether extracts were dried over potassium hydroxide pellets, 
concentrated, and the residue was distilled. The yield of 
endo-5-methylamino-2-norbornene (IXa),  b.p. 60-61' (17 
mm.) ,  n% 1.4810, was 21.8 g. (597,). Analysis indicated 
that the amine IXa may have been slightly impure. 

Anal. Calcd. for CSH13N: C, 77.99; H, 10.64; N, 11.37. 
Found: C, 77.54; H ,  10.76; N, 11.35. 

The phenylthiourea of this amine was prepared and melted 
a t  110'; the melting point of a n  analytical sample, obtained 
by three crystallizations from aqueous methanol, was un- 
changed. 

Anal. Calcd. for ClSH18K2S: C, 69.72; H ,  7.02; N, 
Found: C, 70.03; H, 7.29; N, 10.67. 10.84. 

endo -5 -Dimethylamino -2 -norbornene (la).-Twenty 
grams of endo-5-methylamino-2-norbornene (VIIIa) was 
dissolved, with external cooling, in 43 g .  of formic acid 
(88%) and 32 g. of 3770 aqueous formaldehyde solution was 
added. The  mixture was heated to 100" and the reaction 
was allowed to proceed spontaneously. After the initial 
vigorous reaction, the mixture was heated under reflux for 6 
hours. The cooled solution was treated with 35 ml. of con- 
centrated hydrochloric acid and concentrated under reduced 
pressure. The sirupy residue vias diluted with water and 
made basic with solid sodium hydroxide. The liberated 
amine was taken up in ether and the aqueous solution was 
extracted twice with ether. The combined extracts were 
dried over potassium hydroxide pellets and the ether was 
distilled. The residue, after distillation through a semi- 
micro column, ]-ielded 16.1 g. (727,) of endo-5-dimethyl- 
amino-2-norbornene (Ial ,  b.p.  6 5 6 7 '  (17 mm.), n 2 5 ~  
1.4744 (lit.6 b.p. 167-175 , 47" a t  5 mm.). 

Anal. Calcd. for COH16N: C,  78.77; H ,  11.02; K, 10.21. 
Found: C ,  79.00; H ,  11.20; N, 10.32. 

The amine Ia was shown to be free of the exo isomer by 
gas chromatograph?; through a column containing 25yo by 
weight of tetrahydroxyethylethylenedianiine a t  140". The 
infrared spectrum of Ia has strong bands a t  759 and 1277 
cm.-' and medium bands a t  836 and 1304 cm.-l which are 
absent in the spectrum of the exo isomer. The picrate of 
this amine melted a t  191-193" dec.; an analytical sample, 
prepared by three crystallizations from ethanol, melted a t  
192-193" dec. (lit.6 m.p. 190-195' dec.). 

Anal. Calcd. for ClSH18~407: C, 49.18; H ,  4.95; li, 
15.30. Found: C, 49.43; H, 4.88; iY, 14.33. 

endo-5-Dimethylamino-2-norbornene Methiodide.-wdo- 
5-Dimethylamino-2-norbornene (Ia) (3.5 g.) was treated 
with 7.8 g. of methyl iodide in 50 ml. of anhydrous ether 
and the solution was allowed to stand a t  room temperature 
for 24 hours. The yield of crude methioclide was 6 66 g. 
(93.5%), m.p.  265-2136' dec. An analytical sample pre- 
pared by three crystallizations from a mixture of ethanol and 
ether melted a t  266-267' dec. (lit.6 m.p.  160' dec.). 

Anal. Calcd. for CIOHISSI: C,  13.02; H, 6.50; I, 
45.46. Found: C, 42.82; H, 6.41; I ,  45.45. 

endo-2-Dimethylaminonorbornane (IIIa).-Eight grams 
of endo-5-dimethylamino-2-norbornene (Ia), in 60 ml. of 
absolute methanol, was hydrogenated a t  28" with 400 mg. 
of prereduced platinum oxide. The theoretical amount of 
hydrogen was taken up within 90 minutes. The platinum 
was iemoved by filtration, and the filtrate was distilled 
through a semi-micro column. The yield of endo-2-di- 
methylaminonorbornane ( I I Ia )  was 7.42 g. (91.5yo), b.p.  
68-69' (19 mm.), n Z 5 D  1.4669. The infrared spectrum of 
I I Ia  has a strong band a t  795 cm.-l which is absent in the 
spectrum of the exo isomer. 

Anal. Calcd. for CgHl,N: C, 77.63; H ,  12.31; N, 
10.06. Found: C ,  77.77; H ,  12.38; N, 10.08. 

The picrate of this amine melted a t  221-224' dec. (lit.6 
m.p. 213-216" dec.). The melting point was not changed 
by three crystallizations from ethanol. 

Anal. Calcd. for CljHzoNdOi: C, 48.91; H, 5.47; N, 
15.21. Found: C, 49.16; H, 5.57; N, 15.50. 

endo-2-Dimethylaminonorbornane Methiodide.-A solu- 
tion of 3.40 g. of endo-2-dimethylaminonorbornane (IIIa) 
and 14 g. of methyl iodide in 20 ml. of anhydrous ether was 
allowed to  stand a t  room temperature for 3 days. The  pre- 
cipitated methiodide (5.93 g. ,  86%) melted a t  290' dec. 
An analytical sample, after three crystallizations from a 

mixture of ethanol and ether, melted a t  290" dec. (lit.6 
m.p. 291-293"). 

Anal. Calcd. for CloH&I: C ,  42.71; H, 7.17; I, 
45.14. Found: C, 42.46; H, 7.25; I, 45.37. 

exo-5-Carboxy-2-norbornene hydrazide (VIIb) was pre- 
pared from Vb in 88% yield, m.p. 110-114°. An analytical 
sample, after three crystallizations from benzene, melted a t  
114'. 

Anal. Calcd. for CaH12NzO: C, 63.13; H ,  7.95; iY, 
18.41. Found: C,63.46; H ,  7.Y.l; N, 18.37. 

Methyl exo-N-5-Norborn-2-enyl Cartamate (VIIIb).- 
The yield of crude VIIIb, m.p. 83-90 , was 67%. An 
analytical sample, prepared by three crystallizations from 
n-hexane, melted a t  95-96'. 

Anal. Calcd. for CgH13N02: C, 64.65; H, 7.84; N, 
8.38. Found: C, 64.97; H ,  8.05; K, 8.67. 

exo-5-Methylamino-2-norbornene (IXb).-The secondary 
amine was prepared in 50.5% yield by lithium aluminum 
hydride reduction of VIIIb and had the following properties: 
b.p. 63-64' (19 mm.), n Z S D  1.4827. rlnalysis indicated that 
I X b  may have been slightly impure. 

Anal. Calcd. for C&I13N: C, 77.99; H ,  10.64; N, 
11.37. Found: C, 77.34; H, 10.81; S,  11.35. 

A small higher boiling fraction (b.p. 64-78' a t  19 mm.) 
was obtained which absorbed 91.57, of the theoretical 
amount of hydrogen upon hydrogenation, indicating con- 
tamination by the saturated derivatire. 

The phenylthiourea of I X b  melted a t  114'; the melting 
point was unchanged by three recrystallizations from aque- 
ous methanol. 

Anal. Calcd. for C15HI8S2S: C, 69.72; H, 7.02; N, 
10.84. Found: C, 69.82; H, 7.18; pi, 10.7;. 

exo-5-Dimethylamino-2-norbornene (Ib) .-The Clarke- 
Eschweiler methylation of I X b  afforded I b  in a l-ield of 
73.57!, b.p.  66-68" (20 mm.), n 2 5 ~  1.4737. Gas chro- 
matography of this material showed it  t o  be free of the endo 
isomer. However, i t  contained about 5yo of an impurity, 
the probable identity of which was mentioned earlier. 

Anal. Calcd. for C8H15N: C, 78.77; H,  11.02; S,  10.21. 
Found: C, 78.86; H, 11.33; X, 10.18. 

The infrared spectrum of I b  has medium bands a t  865, 
990 and 1240 cm.-l whicli are absent in the spectrum of the 
endo isomer. 

The picrate of Ib  melted a t  190-19lo; a11 analytical 
sample, prepared by three crystallizations from ethanol, 
melted a t  193' dec. 

Anal. Calcd. for CjaHlsK401: C, 49.18; H, 4.95; K, 
15.30. Found: C, 49.31; H ,  4.98; N, 15.18. 

exo-5-Dimethylamino-2-norbornene Methiodide.-The 
methiodide was prepared in 927, 5-ield from Ib; when 
heated, i t  turned violet to black a t  270', but  did not melt 
below 350". An analytical sample was prepared by three 
crystallizations from a mixture of ethanol and ether. 

Anal. Calcd. for C10Hl8N1: C,  43.02; H ,  6.50; I ,  
45.46. Found: C,43.30; H, 6.70; I ,  45.42. 

exo-2-Dimethylaminonorbornane (IIIb).-Hydrogenation 
of Ib resulted in the uptake of 95yc of the calculated amount 
of hydrogen within 75 minutes. The product was distilled 
through a spinning-band column (30 X 0.5-cm., 1500 
r.p.m.) to yield 88yc of IIIb,  b.p.  71" (20 mm.), n Z 5 ~  
1.4682. The infrared spectrum of I I Ib  has a strong band a t  
1022 cm.+ and a medium band a t  820 cm.-', which are 
absent in the spectrum of I I Ia .  

Anal. Calcd. for CSH17N: C, 77.63; H, 12.31; F, 10.OG. 
Found: C, 77.74; H, 12.47; N, 10.14. 

The picrate of IIIb melted a t  214-216" dec.; an analytical 
sample, prepared by three crystallizations from ethanol, 
melted a t  218-220' dec. 

Anal. Calcd. for C15H2&407: C, 48.91; H ,  5.47; N, 
15.21. Found: C, 49.07; H, 5.62; N, 15.36. 
ezo-2-Dimethylaminonorbornane Methiodide .-The meth- 

iodide, prepared in 97% yield from IIIb,  melted a t  295' dec. 
An analytical sample was prepared by three crystallizations 
from a mixture of ethanol and ether and melted a t  295' dec. 

Anal. Calcd. for CloH2oNI: C, 42.71; H, 7.17; I, 45.14. 
Found: C,42.59; H ,  7.06; I ,  45.11. 

Thermal Decomposition of the Amine Oxides and Quater- 
nary Ammonium Hydroxides of endo- and em-5-Dimethyl- 
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amino-2-norbornene and endo-  and ero-2-Dimethylamino- 
norbomane .--Amine oxides were prepared by slow addition 
of a threefold excess of hydrogen peroxide (30$1 iii water) 
to ii cooled and stirred solution of the tertiary amine in 
Lwice its vcilurne of methanol. Tlie niixture was allowed to 
stand a t  r n o ~ ~ i  temperature for IS hours and tlie excess hydro- 
gen peroxide was deconiposed with a suspension of  platinum 
black. After filtration, an aliquot of tlie aniiiie oxide solu- 
tion was removed aiid added to  ti liot ( 6 0 " )  saturated solu- 
tion of picric acid (a sinall excess uver the calculated a~riount 1 
in 30cz aqueous etlianol. The remainder of tlie filtrate. 
ciintaining the amine oxide, was concentrated under reducetl 
pressure to  a white solid residue, and this materid wiis used 
directly for the ph-rolysis as described below. 

QuateriiarJ- ainriioiiiuui hytii-oxides were obtained b!. 
stirring a. mixture of the rziethiodides with two equivalents 
1 i f  commercial silver oxide (previously washed with meth- 
anol)  in 50: I aqueous methanol a t  room temperature for 18 
hours. Tlie sih-er salts were removed by filtration, and the 
filtrate was evaporated to  a sirup under reduced pressure 
xiid slightly elevated temperature (40' arid 0.1 mni.]. 
Tlie residue was used directly for the t1ierm:il decomposition. 

Tlie pJxilysis ( i f  the amine oxides and tlie quaternary am- 
inonium hydroxides was carried out in the followiiig way : 
tlie conipound to be pyrolyzed (0.02-0.035 mole) \vas placed 
iii a %)-nil. flask fitted with :i capillary nitrugen inlet and the 
flask was connected through a sliort distilling head t o  two 
traps in series; tlie first cooled in Dry Ice-acetone, and the 
second irninersctl iii liquid nitrogeii. 111 a number of runs, 
the liquid nitrogen was replaced by Dry Ice-acetone. SI- 
trogen was admitted through :L capillary inlet and the pres- 
sure was reduced to  60 rnm. The  cumpound was heated 
by  means of a stirred oil-bath a t  a mte  of about two degrees 
per minute. Throughout the decomposition tlie distilling 
liead was heated. The pressure was further lowered to 30 
to 40 nim. toward the end of the pyrol>-sis. 

LVIien tlic decomposition w c i b  complete, tlie coiitents of 
tlie two traps were taken up in peiitaiie, the aqueous layer 
wxs remoi~etl, atid tlie pentane solution T V ~ S  washed twice 
\r.itli water. The basic materials wertt extracted with three 

furic x i d .  The pentane solution 
until rieutr:rl, 311d dried over ail- 
te.  Tlie filtered pentane solution 

was either analyzed directly by gas chromatograph!-, or 
concentrated by distillation tlir(iugh ii semi-micro column 
to :I small volume and subsequently analyzed, depending 
on the concentration of the olefin in the pentane solution. 
The yields of olefin were determined by gas chromatography 
tlirougli a coliirnii containing 3 J : i  by \%-eight of D o ~ ~ - C o r n -  
ing ,550 Silicone oil a t  80-90'. Solutions of known concen- 
tration of  tlie olefins (I1 and 11'~~ in pentane were employed 
;is standards. After analysis gas chroiiiatograph~-, the 
pure olefins were isolated eithcr by distillation or by gas 
chromatography and identified ti>- their infrared spectra. 

The sulfuric acid extracts were made strongly alkalitie 
Ily the addition of solid s11t1iur11 hydroxide. 
:tinines were taken up in ether and the aqueous layer 
extracted trike with ether. The combined ether cutri . 
ivcrc dried and concentr:ited, a n d  the residue was distilled 
I Iiri.iugli :i senii-niicro cc.ilurnn. The results :ire sunin~arizctl 
in Table 11. 

Pyrolysis of cxndo-5-Dimethylamino-2-norbornene N- 
Oxide.-The amine oxide picrate was obtained in 95% yield, 
i n . p .  19:3-104° dcc. A n  analytical sample, prepared by 
three crystallizations from ethanol, melted a t  196-198' dec. 

Tlie lihera 

.lizrii. Calcd. for C,,H1,K4O8: C ,  37.12; El,  4.75; N, 
l 4 . M  Found: C, 47.27; H,  4.82; N, 14.40. 

'l'lie xxiiric oxide of Ia decomposed a t  1iO-190" to give 
1.45; of 2,5-iiorbornadiene (11) and 28% of tlie recovered 
;mine  Ia, ?Z%J 1.4733. 

Pyrolysis of crzdo-5-Dimethylamino-2-norbomene Metho- 
hydroxide.-This compound decomposed a t  1 10-120° to  
give. :3.1cf; of I1 and 51% of Ia, n * 5 ~  1.4744. 

Pyrolysis of rndo-2-Dimethylaminonorborna11e N-Oxide. 
---Tlie.aniine oxide picrate of I I In  was obtained in 897; 
yield and melted a t  233-234" dec.; an analytical sample, 
prepared by tlirea cr~~stallizations frnni ethanol, melted a t  
236O dcc.  

Anal .  Calcd. for C15HPOXIOS: C, 46.87; 11, 5 . 2 5 ;  K, 
14.58. Found: C, 47.07; H ,  5.29; S, 14.43. 

The amirie oxide of l I Ia  decomposed a t  17O-2UO" to yield 
2.9',; of 2-norbornene (1V) and 25:; of 1118, n Z 6 ~  1.4670. 

Pyrolysis of e?~Lo-2-Dimethylaminonorbomane Metho- 
hydroxide.-Decomposition of this conipnund occurred ;it 
110-125' to give 3.5(,.; o f  2-norbornene t1i. j; 5Sfh o f  cndo- 
~-diniethylaiiiiiiolli,rlli,rllanle (lila I ,  72% 1.4669, KLS re- 
co\,ered. 

Pyrolysis of cx11-5-Dimethylamino-2-norbomene N-Oxide . 
--Tile amine oxide picrate cif i b ,  obtaiiied in 955; yield, 
melted a t  19.'3-194' tlrc. . h i  aiial>-tical sariiple, prepared by 
three cr!.~t,tllizatioris froiii etliuriul, tiielted a t  19-4- l!)5' dec. 

-1nui .  Calcd. for Cl,1ilsSrO,:  C ,  47.12; 11, 4.73; S, 
14.66. Fciuud: C ,  47.21; 1 1 ,  4.81; S, 14.73. 

The aniiut Iixide of  i b  decomposed a t  187-200' to yield 
32',1 of I1 mid 2 " ;  of 2-norboriiene ( I I - ) ,  identified by its 
retention time on two different colu~iins, packed with 307; 
by weight of 3-tnetli!-l-3-iiitropiiiielonitrile and 3OC,/c by 
weight of Dow-Corning 550 Silicoiie nil, respectively. ero- 
,j-I)irnethyl~Lmiiio-2-ii[irbortieiie (Ill), U.6 g. ,  139h, nZ5D 
1.4750, was also recovered. Gas chromatography of this 
arnine showed tlixt it did not contain the trace impurity 
(presumably IIIb)  present in synthetic Ih .  In addition 
to  Ib ,  anotlier we;tklJ- basic compouiid (270 mg. from 4.80 
g. of Ib )  W B S  recovered froin the acid extracts, b .p .  97-99" 
(20 iiini. j .  Final purificdtitiii bj- gas cliromatography 
through a Silicone oil column at 150' gave il faintly colored 
liquid. Tlie infrared spectruni o f  this product was different 
from that of r.wo-j-dimethylniiiiio-2-iitrrbore N-oxide. 
It is fvrniulated as O-ij-i iorborii-2-eiiyl~-~,~--dimethyl- 
hl-drox!-lamine (ix), which WLS converted to the picrate for 
aIia1ysis; 11i.p. 156-162' dcc. A s:iniple that  was recrys- 
tallized once from etli~iiicil nielted a t  15-164° dec.  

A n u l .  Calcd. for Cia111,S40b: C ,  47.12; H ,  4.75; S, 
14.66. Found: C ,  47.25; H ,  4.60; N ,  14.4ti. 

Pyrolysis of ero-5-Dimethylamino-2-norbomene Metho- 
hydroxide.-This quaternar). hytlroxide decomposed a t  110- 
125' to  j.ield 5857, of I1 ant i  12:; of 111, n " ~  1.4738. III 
additiun to  11, 2(,c of 2-iiiirboriiene (11.) wa> found to be 
present in the neutral (pentcine) fraction. I t  TY:!S identified 
by its retention time in gas chromatography. 

Pyrolysis of ?.Yo-2-Dimethylaminonorbomane N-Oxide.- 
Tlie amine oxide picrate o f  I I Ib  was obtained in 98yo yield 
aiid melted a t  209" d c c .  Xn analytical sample, prepared 
by  three cr\-stallizatioiis from ctlianol, niclted a t  210' dec. 

dizal. Calcd. for CI:,f12,X40s: C ,  4 6 . 8 i ;  H, 5.25; N,  
14.58. Found:  C, 46.96; H,  5 . 3 8 ;  %-, 14.59. 

The amine oxide of I I I b  decoinposed iit 110-133' to 
j-ield 65(;;, of 2-iiorbornene ( I \ - ) ,  m , p .  46" (sealed tube) 
(lit.*J 111.p. 44-4F"j. There w i s  obtained from the acid 
extracts 47; of tlie amiiie IIIb,  i z %  1.4681, and 50 mg. (from 
3.75 g .  of I I Ib )  of a compound boiling at  101 (17 mm.) .  
The retention time on g ~ s  clirolnatography o f  tills product 
 as different from that  of 1X. This material is formulateti 
as O - f 2 - i i o r b o r r i ~ - l ) - ~ ~ , ~ - ~ l i n i ~ t l i ~ - l h ~ d r o x y l a n i i ~ ~ e  (XI. 

Hydrogenation of 1X.--The compound I X  (29.2 rng.) wts 
hydrogenated in 5 nil. of 5:;, li!.drochloric acid with 26 rng. 
of prereduced platinum cixitle HS catalyst a t  room ternpera- 
ture; 915.;) nf the c a l c u l a d  amount of hydrogen was taken 
u p ,  Tlie platinum was rciiioced by filtration, the filtrate 
rstracted with ether, :~nd  the aqueous la!-er concentrated 
t o  a small volunie. The ether extracts contained no vola- 
tile products as s l ~ o \ v n  by gas cliromatograpliv. Tlie aque- 
ous solution was made strongly alkaline, extracted with 
ether, and tlie ether extracts, after drying, were analyzed 
by gas chromatography. Tlie only volatile compound de- 
tected in the ether solution liad a retention time identical 
with that of X .  

Pyrolysis of case-2-Dimethylaminonorbornene Methohy; 
droxide .-This cumpound decomposed smoothly a t  90-10D 
to !-ield 77:'; of IY,  m.p .  46' (sealed tube) (lit.*3 m.p. 44- 
46'). -1bnut 15; of r+o-L ' -c l i~ne th~- l :~r~i i r~on~rb~~r~iar~e  f I I I b )  
wits recoveretl . 
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