
TCldlOfhO. 1965. Vol. 21. pp. 2907 lo 2912. pae;lmon prtsr I&I. primd in No&ern &land 

CARBONIUM ION REACTIONS OF 
NORBORNENYLCARBINYL SYSTEMS 

R. R. SAU~RS, R. A. PARENT and H. M. How 
School of Chemistry, Rutgers, The State University 

New Brunswick, New Jersey 
and 

American Cyanamid Co., Bound Brook, New Jersey 

(Received 26 April 1965 ; in revised form 17 AYuy 1965) 

Abstrac&Ca.rbonium ion reactions of S-norbornenylcarbiny1 systems have been investigated. The 
major kinetically controlled product of reactions of the en&system is exo-bicyclo(3.2.1)oct-2~n-3-o1. 
The exu-system yields chiefly e&-tricycIo (2.2.2.0*~e)octan-3~1, with essentially no crossover 
products in either case. 

INTRODUCTION 

FOR some time we have been interested in ring expansion reactions of bi- and tricyclic 
ring systems. l As an outgrowth of this and because of a general interest in carbonium 
ion reactions of bicyclic systems, we initiated a study of reactions designed to produce 
carbonium ion intermediates (I and II). We were particularly intrigued by the possi- 
bility of generating the tricyclic cation (III) from the en&-system by the “~-route.“z 

I IL III 

RESULTS 

The cations in question were generated in two different ways, amine deamination 
and arenesulfonate solvolysis. The requisite starting materials were the two amines 
IVa and Va and the p-bromobenzenesulfonates IVb and Vb. They were prepared by 
unexceptional means and were submitted to treatment with nitrous acid and buffered 
acetic acid conditions, respectively. 

The major product of the reactions of the endo-systems was the rearranged system, 
ex+bicyclo(3.2.l)oct-2-en-3-o1 (VI), first prepared by Wildman and Saunders.8 
Essentially no tricyclic products were found. Structure proof was based on comparison 

la R. R. Sauers and J. A. Beisler, TeZrak&t~ Letters No 32,2181 (1964); b R R. Sauers and J. A. 
Beisler, J. 0%. Chem. 29,210 (1964); c R. R Sauers and R 1. Tucker, Ibid. 28,876 (1963); d R. R. 
Sauers, Tetrahedkm Letters 146 (1961); l R. A. Parent, R R Sautes and H. M. How, Abstruct~ o/ 
Pqers, 148th Meeting of the Amer. Ckm. Sot. p. 58s. Chicago (1964). 

t S. W. Winstein and P. Carter, J. Amer. Chem. Sot. 83,448s (1961). This ion, if formed, would be 
expeckd to be stable to the reaction conditions, see R. R. Sauers and R. A. Parent, J. Org. Ckm. 
28, 605 (1963). 

8 W. C. Wildman and D. R. Saunders, J. Amer. Chem. Sot. 76,946 (1954). 
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_-& .& 
of physical data and conversion of alcohol VI to the a&unsaturated ketone (VII) by 
means of manganese dioxide? 

Deamination of the exe-amine (Va) with nitrous acid led to a complex mixture of 
products. The major product (ca, 70%) was shown to be endo-tricyclo(2.2.2.02*d)- 
octan-3-01 (VIII) by comparison with an authentic sample.5 Minor amounts of 
exe-bicyclo&.2,2)oct-2=en-5-01 (IX) and exe-bicyclo(3.2.1)oct-den-2-01 (X) were also 
found. Again, absence of crossover products was indicated by the absence of VI from 
this reaction product. The acetolysis results led to similar products but in markedly 

+ 

+ OH 

differing ratios. Subsequently, it was found that the reaction conditions were sufficient 
to cause isomerization of VIII and hence the observed products were probably not the 
result of kinetic product control. 

DISCUSSION 

Rationalization of these results is relatively straightforward by a combination of 
the studies of related systems. The results of Berson ef al. are particularly significant 

4 The correct stereochemistry of VI was simultaneously assigned by usa and by H. L. G-ring, R. W. 
Greiner and M. F. Sloan 3. Amer. Cham. Sot. 83, 1391 (1961). 

6 We are deeply indebted to Prof. N. A. LcEel for samples and spectra of several of these materials. 
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in this respect.s These workers studied the saturated analogues and found that there 
was little crossover between the two ionic systems generated from the exe- and endo- 
norbornylcarbinyl derivatives. In other words, subsequent reactions of the ions 
initially produced were faster than interconversion of them. In the case at hand then, 
it seems reasonably to postulate that I and II lead mainly to XI and XII respectively, 
by direct ring expansion. 7 Models show that the p-orbital on C-2 in XI is not suitably 

oriented with respect to the w-orbital of the double bond for efftiive overlap. As in 

the saturated analogue, the C&, bond is nearly parallel with the long axis of this 
orbital and hence migration of this bond is energetically more favorable.6 The 
rearranged ion (XIII) is allylic and presumably is attacked by solvent at either end to 
give VI.‘d.s*4 

In contrast, effective overlap between the empty p-orbital and the r-bond is 
possible in XII and migration of the C,-C, bond is ste~~l~roni~lly unfavorableP 
The result is that a new series of products is formed which strongly resemble those 
obtained by LeBeI and Huber in their study of the exo-bicycIo(2.2.2)oct-5-en-2-01 
system.8 Thus, XIII could be transformed into the observed products via collapse of 
XIV with solvent. Since the rearranged products p~ominate in both series, it would 
seem that these reactions are highly concerted or involve non-classical ions. 

* J. A. Berson and P. Reynolds-Wa~off, J. Amer. Chem. Sot. 86,595 (1964) and J. A. Berson and 
D. Willner, Ibid. 86,609 (1964). 

’ Ring expansion in the other direction would not be expected for I* but could be expected to uccur 
to the extent of ea. 18% in the em series. This alternative cannot be excluded since not all of the 
products have been identified. Unfortunately such products, if produced, have not yet been 
prepared by unambigwus routes. 

A referee has suggested the possibility of isomcrization of Vb to the nortrkyclykarbiny~ system 
as a possibk source of some of the unidentifibd products. This can be only a minor competing 
pathway since essentially none of the expected major products of solvolysis of that systent were 
found. 

m N. A. LeBci and J. E. Huber, J. Amer. Cliem. SM. S!5,3193 (1963); see also R. R. Fraser and S. 
O’Farrell, Tetrahedron Letters 1143 (1962). This ionic system has been e&red in a third manner by 
J. A. Berson and J. J. Gajewski, J. Amer. Chem. Sot. 86,5020 (19642. 
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EXPERIMENTAL 

AU gas-liquid chromatography was done isothermally on an Aerograph, Model A-90-P, gas 
chromatograph, using IS-20% stationary phase on firebrick and column diameters are stated 85 
outer diameters. All NMR spectra were taken on a Varian Model A-60 analytical NMR spaxrom- 
eter, and all recorded chemical shifts are relative to tetramethylsilane (internal standard), Ccl, was 
used as solvent unless otherwise specified. 1R spectra were run on a Perkin-Elmer Model 21 tR 
spectrophotometer unless otherwise specified. M.ps were taken on a Mel-Temp capillary apparatus 
and are uncorrect~, 

endo- a& exo-5-Cyryrobicyclo[2~2.l]heplene-2. The synthesis of S-cyanobicy~o[2,21]tene-2 
was carried out according to Alder er al. ’ The endo and exe nitriles m then oparated by distillation 
on a 3’ x 1” Todd column packed with stainkss steel perforated saddks using a r&x ratio of 10: 1. 
The distillation was monitored by gas ~ro~to~phy using a 6’ x t’ tricresyl phosphate column at 
100°. Distillation of 576.7 g nitrile resulted in 146.0 g pure exo isomer (b.p. 78*1”/12.2 mm, & 
l-485; fit.* b.p. 805”/12 mm, & 1.4862). 163.0 g of a I: 1-33 exe-endue mixture, and 171.8 g pure 
end0 isomer @.p. 88@IO~1”/12*5 mm, nD ” l-4867; lit.‘, b-p. 88W/12 mm) representing an 835%. 
recovery from the distillation. 

exe-5-Cyanobicyclo[23.1 lheptene-2 had strong IR absorptions (CCl.1 at 2950 cm- *, 2185 cm-’ 
and 702 cm-l, while the en& isomer showed absarptions at 2960 cm-’ and 710 cm-l. The NMR 
spectra of these isomers showed complex multiple& centered at 3.8, 6.8 and 8.27 for the exe nit&, 
and an octet centered at 3.7, and complex multiple@ centered at 7.47.8 and 8.67 for the ~B&Y Eom- 
pound. Relative proton areas were consistent with the assigned structures. 

endo-S-Aminometh~lbicyc~[2~.l]he~tene-2 (IVa). A solution of en&-5-cyanobicyclop.z.I1 
heptene-2 (23.8 g, 020 mole) in I!% ml dry ether was added dropwise to a stirred suspension of LAH 
(8% g, 023 mole) in 400 ml dry ether at a rate such that the ether was maintained at ~&IX. The 
reaction mixture was heated under r&ux for 1 hr, at which point the excess LAH was decomposed 
with wet ether followed by water. The solids were filtered and washed with ether. The combined 
ether solutions were then dried overnight over KOH, filtered, and distilled, affording 21.67 g (88-l %) 
endo-S-aminomethylbicydo[2.2.l]heptene-2 (b.p. 57”/4*5 mm). This amine picked up CO* very 
rapidly and thus presented dilliculty in its handling (Found: N, 11.20. GHltN requires: N. 11.37.) 

e~-5-~ino~thylbi~yclo[2,2.tlhepte~-2 has strong IR absorption (Elm) at 3300 cm-l, 
3400 cm-l and 717 cm-l, and has a NMR spectrum consisting of a multiplet centered at 39 T and a 
series of complex multipiets centered at 8-3 0. 

The phenylurea derivative was prepared and had m.p. t78+180-0” after crystaltizaation from 
E1OH. (Found: 74.07; H, 7.44; N. 11.47. CIIHlllNIO requires; 74.38; H, 7.44; N, 11.57.) 

The phenylthiourea derivative was prepared and had m.p. 1170-l I .75” after crystallization from 
EtOH. (Found: C, 69$9; H. 7.16; N, 10.72. &,H,,N,S requires: C, 6957; H. 6.98; N, 10.85.) 

The pnitrobenzoate derivative was prepared and had m.p. 143%143.5” after purification by 
~romato~aphy over alumina and crystallization from CClb. (Found: C, 66.13; H, 6-18; N, 10.34. 
CIsHIIN,O, requires: C, 66.18; H, 5.88; N. lOQ9.j 

Rewrioa of endo-Swmi~on#t~ylbicycloj2.2.1~trep~en~;i with nitrous acid. end&-Aminomethyl- 
biyclo[2.2.l]heptene-2 (123 g. 0.1 mole) was added to 300 ml cold acetic acid containing one drop of 
cone H&D,. NP was bubbled in and the mixture allowed to come to room temp at which point 
NaNO, (69 g, 1-O mole) was added in portions over a 2 hr period, keeping the reaction mixture 
below 30’. The reaction was stirred overnight under NP and was then poured into 600 ml ice cold 
20% NaOH aq. Pen&me extraction (four ZOO-ml portions) of the alkaline solution afforded 5-4 g 
crude mixture while further ether extraction gave an additional 505 g product, bringing the yield of 
crude mixtux to 10.45 g (63 %). A considerable amount of what appeared tobe polymerization product 
was noted, and most of this could not be extracted with either pentane or ether. Gas chromatography 

@ K. Alder, K. Heimbach and R. Reubke, Chem. Ber. 91, 1516 (1958) 
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of the crude mixture under various conditions showed that one product dominated (ca. 85 %) in the 
resulting acetates. This was collected by preparative GLC (5’ x t” SE. 30 silicone oil column at 
185”) and identified as exo-bicyclo-[3.2.l]oct-3en-2-y1 acetate by comparison of II2 and NMR 
monance spectra and by comparison of gas chromatographic retention times on several columns 
(i.e., 5’ x t” S.E. 30 silicone oil at 185”, 10 x +' Castorwax at 185”, 6’ x 4" Craig succinate at 155”). 

exo-5-Aminomcr[2.2.l]kepienc-2 (Va). exe-5-Cyanobicyclo[2.2.l]heptene-2 was reduced 
and worked up in the same manner as the endo-nitrile. Distillation of the product from KOH (b.p. 
54’14.5 mm) afforded 87.8 % exe-5-aminomethylbicyclo(2.2.l)hepten~2. (Found: C, 77996; H, 
10.82; N, 11*20. C*H,*N requires: C, 78-00; H, 10-55; N, 11.37%) 

exu-5-Aminomethylbicyclo[2.2.l]hepten~2 has strong IR absorption (film) at 3350 cm-*, 3425 
cm-‘, and 702 cm-‘, and has a NMR spectrum consisting of a triplet centered at 3.9 7, and a series of 
three complex multiplets between 7 and 9 7. 

The phenylthiourea derivative had m.p. 145” after purification by elution from an alumina column 
and crystallization from benzene-hexane. (Found: C, 6945; H, 7-03; N, 10.86. CI&HIIN,S 
requires: C, 69.77; H, 6.98; N, 10.85.) 

Thepnitrobenzoate derivative had m.p. 165” after crystallization from Ccl,. (Found: C, 65.91; 
H, 5.88 ; N, 10-20. C1~HLIN,O, requires: C, 66.18 ; I-I, 5.88; N, 10.29.) 

Demnination ofexo-5-aminomefhylbicyclo[2.2.l]hep~ene-2. exe-5-Aminomethylbicyclo(2.2.1 Jheptene 
(23.0 g, O-19 mole) was added to 91 ml water and the mixture cooled in ice. Acetic acid (36-4 ml) and 
then cone, HCl aq (16-3 ml, 0.19 mole) were added while the temp was maintained below 15’. The 
reaction mixture was further cooled to 0” and was maintained below 5O during a 1 hr addition of a 
solution of NaNO, (25.3 g, 0.37 mole) in water (55 ml). The mixture was allowed to warm to room 
temp overnight and was then heated on a steam bath for 2 hr at which point it was poured on an 
equal volume of ice and extracted with three lOO-ml portions ether. The combined ether extracts 
were washed with NaHCO, aq, then with brine, dried over MgSO,, and reduced directly by stirring 
with an excess L.AH in anhydrous ether. After the usual workup procedure, evaporation of the ether 
resulted in 7.0 g (21.9 % based on hydroxylic products) of crude products. Gas chromatography 
(7’ x )* y-nitro-y-methylpimelonitrile (20% on 35180 mesh tirebrick)] of these products at 100” 
indicated one major component (70%) and three partially resolved minor ones (3OOh). The major 
component has a retention time and IR spectrum identical with that of Ed-tricyclo[2.2.2.0*g’]octan-3- 
01 (VIII) while two of the minor components have retention times identical with exe-bicyclo-(2.2.2)oct- 
2-en-5-01 (ur) and axial-bicyclo(3.2.l)oct&en-2-oI (X).” Essentially no em+bicyclo(3.2.l)oct-ten-3-01 
was found. 

exo-5-Hydroxymethylbicyclo(2.2.l)hept-2-ene p-bromobenzenesulfonate (VI b). pBrombenzene- 
sulfonyl chloride (10.3 g, O-03 mole) was added portionwise to a cooled solution of exe-5-hydroxy- 
methylbicyclo(2.2.1)hept-2ene10 (3.1 g, O-025 mole) in dry pyridine (7 ml). Pyridine hydrochloride 
precipitated immediately. After 2 hr at room temp and overnight in the refrigerator, the reaction was 
poured on a mixture of cracked ice (75 g) and cone HCl aq (10 ml). The mixture was extracted with 
four 50 ml portions of ether and the combined extracts were washed successively with 10 % NaHCO,aq, 
water, and brine. After drying (CaSO,) the extracts were evaporated to give a solid which was crys 
tall&d from MeOH to yield 7.3 g (85%) ester, m.p. 55”. (Found: C, 48.70; H, 4.32. CI,Hu,O$Br 
requires: C, 48.98; H, 4.40.) 

Aceiolysis of exe-5-hydroxymethylbicyclo[2.2. I lhept-2-ene, p-bromobenzenesulf’onfonate (IV b). The 
exe-brosylate (3.4 g, 0.01 mole) was added to a mixture of glacial acetic acid (18.8 ml), a few drops 
acetic anhydride and NaOAc (0.84 g, 0.012 mole). The reaction was heated in an oil bath at 100” for 
4 days, cooled to room temp and poured over crushed ice (45 g) containing sufficient Na,COt to 
neutralize the acetic acid. The aqueous mixture was extracted with four 3&nl portions of ether and 
the combined ether extracts were washed 3 times with 5 ml water and dried over MgSO,. The ethereal 
solution was concentrated to 10 ml and used directly in the next step. 

Lithium aluminum hydra reduction of ucefolysis product. The ethereal concentrate from the 
previous experiment was added dropwise to a stirred suspension of LAH (0.8 g, 0.02 mole) in an- 
hydrous ether (50 ml) at such a rate as to maintain gentle reflux. The reaction mixture was then 
refluxed for an additional hr, at which point water (20 ml) was added followed by dil. HCI aq. 

The ether layer was separated and the aqueous layer was extracted with four 50-ml portions of 

lo J. A. Berson, J. S. Walia, Allen Remaniclc, S. Suzuki, P. Reynolds-Warnhoff and D. Willner, 
J. Amer. Chem. Sot. 83,3986 (1961). 
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