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ABSTRACT

7}Nbrbornyi,brosylaterahd T-deuterio-T-norbornyl
bfésjléte wére=prepéred and-sdlvblyzédvin formic acid
af 95°C. Rate constants for thé tWo compdnnds were de-
terminedw.a smaller rate constant being obtained for the
"@éufepafed-compoua@? -Impiipatiﬁﬁs.of these results:in“.
éonnectioh with the non-classical barﬁpniumcion_theéry

are discussed.



HISTORY

A great deal of controversy can be found in the
literature of recent years concerning the existence or
non-existence of non-classical carbonium ions in the
solvolytic reactions of various derivatives of the nor-
bornane compounds. The controversy has its foundations
in the observed conversion of camphene hydrochloride to

isobornyl chloride.1

.C1 r o+ l" -1 -+
Ci

1 2 ‘ 3 4
This reaction, discovered snd studied by Meerwein and

van Emster, displayed a rearrangement of ring structure
that was at first assumed to occur via a simple carbonium
ion mechanism. The same ionic characteristics and orders
of reaction that are general for carbonium ion mechaniesms
were observed in the above reaction.2

The first to suggest a carbonium ion of delocal-
ized .structure rather than a sinple carbonium ion were
Nevell, de S=2las and ‘.ﬂ.’ilson.-5 Since the sol%olysis re—
action is highly stereospecific, they suggested that
the intermediate carbonium ion might be a resoﬁance hybrid

and could be represented as 5.
1
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Most of the work supporting, explbring and refining the
non-classical carbonium ion theory has been done by Win-
stein and co-workers. Winstein and Trifan proposed neigh-
boring group participation in the solvolyses of norbornyl
compounds such as is involved with reactions in which a
phenyl or halide group is adjecent to the carbon with

the developing positive charge.4 Justification for this
proposal is based primarily on the rates and stereochem-
istry of the solvolysis reactions.

The reaction rates of exo-norbornyl derivatives
were found to be 350 times greater than that of the endo-
norbornyl derivatives, which were found to be comparable
to the rates of cyclohexyl derivatives. This difference
was attributed to anchimeric acceleration of the exo
form due to participation by the C6 of the norbornyl
nucleus., Also Winstein has shown that both the endo
and the exo forms of norbornyl p-bromobenzenesulfonate
on solvolysis in acetic acid gave only the exo-norbornyl

acetéte in the product.
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These phenomena have been studied =2nd rationalized by
Winstein on the basis of the non-classical carbonium

ion theory.5 The experimental evidence is, as Winstein
and co-workers have sa2id, most simply explained by the
non-classical carbonium ion intermediates, but in actual-
ity there has never been 2ny definite proof for their
existence.

H., C. Brown has 2lso studied the problems of
rate and stereospecificity in the norbornyl system.6’7
He made rate comparisons of the norbornyl and cyclopentyl
systems pointing out that the ring strain involved in the
norbornyl system more closely resembles the cyclopentane

system than the cyclohexane or t-butyl systems previously

used for rate comparisons.

b()l | ;Cl \\(01‘ 201
9 10 11 12

Relative
rate: 1 ) 82 5.4 206



It was found that the rate of solvolysis of the exo--
norbornyl compound was only 5.4 times faster then the
cyclopentyl analog while being 13,600 times faster than
the t—but&l compound, and that increasing the substitu-~
tion on the systems increases the reactivity. Brown
attributed the rate differences between the exo and endo
forms to the inhibition of the endo form as the desired
path of the leaving group comes very close to the endo-

cyclic system.'7

/’Y
XN
13

The predominance of the exo form in the solvolysis pro-
ducts of either isomer was explained by Brown on the basis
of crowding of the endo position by the solvent anion of
the ion pair in the reaction solu‘t:ion.'7

Further support for the non-classical carbonium
ion theory was cited by Winstein in the solvolytic re-

action of the toluenesulfonates of T-norborneol and thst

of anti—?-norbornenol.8

ol OH

14 15



The reaction rate of the latter was found to be 1O11

times greater than that of the former. Winstein pointed
out that the geometry of the norbornyl sysfem is uniquely
unfavorable for stabilization of a cationic center st

C7. Fe attributed the large rate enhancement in the pre-
sence of the double bond to nowerful anchimeric a2ssis-
tance to ionization at C7 involving the C2—C377 electron
cloud. It was suggested that the vacant orbital on 07
could overlap the p-orbital system of the double bond

to form intermediate 17.9

i

This double bond participation would also explain the

complete retention of configuration found in the product.
In 2 study of the ring strain of the norbornyl

cgystemn, Schleyer has shown thet nortricyclene is more

stable than norbornene.1o

18 19



‘Other evidence that the double bond in norbornene is
’ highl§ strainéd is demonstrated'by éompiexatibniwi%h
silvef nitrafe; Iarge.heét,of hydrogenation éﬁd frequency

iﬁqthé IR region as-bémpared withvcyclobutadiene@ SchléYér»_r
gatfributéd'the strain~toiangle_strain,in the rigid bicyé
- CllC molecule and also ﬁggééﬁed that it mighf provide
the dr1v1ng force in the reactlon ‘which hlnsteln attrlbuted
to anchimeric acceleration due to partlclpatlon of‘the'
double.bond&

In a more recent c‘tudy, Wingstein prépoqed that

: although the pmbromobenzanegulfonate derlvatlves of. T=-
 nDrooTnanol solvolyzed_at a.rate:comparlble w1th,thab
calculated’according to the standard prooeduré developed

by 'Foo’-c_e?l-i and Schleyeryz,:a»non~classical cérbonium

3 it was shown, 

ion is still involved as an intermediate.
experimentally that trané»Z«bicyclo[3a2;dlhe@tyl p~bromo=- -
'behéenésulfonate 13~and'7%bicyclo[?'2'ﬂ heptyi §»brom0-
.r;benzenesulfonate 15 solvolyZOd to glve the same product%:V
iwwth very near]y equal ﬁroduct dlstrlbutlonse» In acetlcv
'a01a9 most of the product was T- bleClO[2 2o ﬂ'heptyl
acetate, only 5= 7% of the trans -2 blcyclo B 2 d]hep+y1
acguate belng,formed.and~1w2% of the unuatufated product
-beingifOTmédo These results seem to 1nd10abe the forma»

. tlon of the common - brldged ion 21 as an 1nuermed1a‘ce°
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In addition, the trans—Z-bicyclo[3.2.0]heptyl p-bromo-

benzenesulfonate was solvolyzed at a rate 100 times greater

than the cis isomer, which suggests carbon participation

by C2.
In a more recent study, F. B. Miles found the

percentage of retention of the acetolysis products of

anti-2,%-dideuterio-7-norbornyl p-bromobenzenesulfonate

to be 80-90% regardless of reaction conditions.14

-0BS OAC OAC
D D D

HOAc
D - D + D
26 27 28

80-90% 10-20%
Anything other than a 50-50 mixture is purportedly in-



v'compatibie with a simple carbonium fon which'would_be
expected to give equai amounts of the anti and syn isomers.
The observed 80-90% retenfioniproduct9 howevef,-caﬁnot

be explained wholly by the'nonéclassical carbonium_ibno
‘Thé'resuitvis the necessity of modifying the latter by
_poéﬁuiating "leakége" into a classical carbonium ion to
1é£p1ainwﬁhe inversion prodﬁctg or else, in classical
“terms, of invoking a predominant “froﬁt side collapse™”
‘of‘an ion pair with the solventg which has been observed
in cases for)which there is steric hindrance %to the back
side. In this case it would be hard to imagine any'hih%,_

~drance %o thé'back sidé of an'ion pair unlesé-the three
1iﬁﬁ

bonds to C#]are not coplanar, as Miles has suggested.



PURPOSE

- In therfacé of such opposing evidences and ar-
f'ggménts;fit is the purpose of this papér-to throw some
7_%new_light»ohrthe controversy'ofAthe non-classical caré
bbniﬁm ioh‘intermediate versus the ¢1assical carbonium

 i0n»ih‘the case of‘7~nérbornyllbroqylateo The solvoly~

- osls of this partlcular compdund doe% not involve any

_rate enhancement and the mech%nlsm is therefore open to
 quest1on even more than mosL norbormyl %ystemso Winstein =
proposed a nonmclass1ca1 1ntermed1ate when he found that
the gqlvoly81s of tran8w2«hicyclo[3,2°O]heptyl»brosym
 : 1afe'énd that_of 7~bicyclo[2;2eﬂ=heptyl brosylaﬁe lead

- to the same productfdistributionwg This led him to |
Believe»thaf fhere was an_inféfmediate'inVolve&_whibh
"héd'é structure intermediaté tp_thqsé of the two reac-—
tants. He_reasqned that the trans-2-bicyclo [3.2.0]heptyl
vivbfosylafe eﬁidently'is ahchimerically‘assistedrby-parfif'
- ticipatibn as the fateréonétaﬁt.bfvfhe trans iéomer Wés
ﬂfoundﬂto:be 100 times greatef %hén that of the cis»isoméfo
It ddeénf%'séem-fo this apthof;fhbwevery fhaﬁ réarfangemj

fméﬁtiof one ring>system into~aﬁd€hef’alonevoan'bevjuSL
-,itifiabmyiﬁsed as & reason for_iﬁVoking a non«classical
’,»éﬁpléﬁ%ﬁion9 as rearrangemenﬁ'is a'weli known phenomenonj

. ..of the classical carbonium ion. Carbonium ions are



o
.;kndwn to réérrange whenever 'a 172‘shift of a hydrbgen_:f .
C or an élkyl group can cause'the formation of'atmbre
s%able:cafbonium'ionn |
‘The observed 80»900 retentlon in the product

"of;sblvolysis~of 7fnorbornyl brosylate noted in a recent:
papef By}Miie812 cannot be édequately exﬁlained on the
: Bésis 6f.fhé'n0n—cléssica1 carbonium fon intermediafe;
On thé other handr 3750% mixtufe in the products’WQﬁld 
be'exﬁeétéd if a2 normal simple carbonium ion]méchaniSm.'
-were_,invb_lffed° Mileévhasasuggested the-fcﬁsibility

' of an explanatlon basod on the front side collapse of - .

‘a classmcal carbonlum ion althougﬂ he could not %upply‘
_adgquate”explgnaglon for.a steric hindrance to preventav
_ﬁﬁ;ékféidé é§1iépéé}That the ring strain involved in - .
the ﬂorbdrﬁyI system'is cOnsiderableg however, istknowﬁlﬁ'
frbm inffa;redrreSulté of 7jnofbornanone¢ It'éeemsn
feééiblé that“fheVgéométfy of the strained rivg-system 
of the 7mnorbornyl brosylate mnay be such as to hinder
ithe attalnment of 'a completely planar SjShem at C7 Whlch .
Would lndeed favor front side collapseo

| If a classical carboﬂium ion wére involved,

;howeﬁer$ it wbuld-définitely atﬁempf tb-achie&e;fhe'-
planar trlgonal conflguratlon chafacterlctlc of carbcnlum‘ 
llongy and if th1s were uhe casey the repctlon would
exhibit ahixmdeufefium*effect_on the rate of,reagtion;f

as the heavier deuterium stom would tend to slow down-



the attainment of the desired geometry and therefore

the rate of reaction.

"D OBS ‘+ - OBS™
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RESULTS AND DISCUSSION .

‘7~Norbornenone was cataiytlcally throgenated
to- the saturated ketone in one case and to the compleuely;_
reduced norbornyl alcohol in the second case. The ketone
vnwas ‘then raducea by 11th1um aluminum deuter:de to give

the,correspondlng-deuterated norbornyl alcohol, ~ The.
alcdhoIs were then cornverted to the Brosjlateé'with
4pwbromobenzenesulfony3 chloride in pyrldlneo_ After
"sufflclent purlflcatlons, the deuterlum bontent of the
d@uuerated compound was found to be 94, 3%915
.Cyclohexyl ‘brosylate was.obtalned in a simiiér

ménhef,frCm reagent_gfade cyclohexanol. 4Cyglohexyl
brdsylate'was-561Volyéed in formic acid at ZSOC,, thé
pfccedure;used being'pattérned after<that reported.by.

'WinSﬁeih*and Marshall;16 The averagerfate.conStant 

obtalned was 1 O1><1O 47sec"1 which shows good agreement
,.w1th the reported values of 1.07x10" -4 at 25 O andt,
0. 988><1O 4 at 24,4917

Tebles 1,2 and 3 show computationq glVlng the
- average rate constant for non- deu+erated 7~norbornyl
- ersy1aﬁe3jwhi1e tables 4,5_and 6 show thé computaﬁions
for'th§>fafe cénstants.for»thevdeuteratea_compoundo

- These determinations are also shown graphically in figures’

12



‘1-6. The averages of the values are 10935><1Om6 sech1

for the undeuteratéd compound ahd 1¢7OO;<1OM6”SEC“1

for the deutérated éémnoudd;: The measﬁfemeﬁts iﬂ allv
- cagses were only carrlea out as far as about 70% reaction,
and only the measurements as Tar as. 507 reactlon for
'the deuterated compound were con81dered in- the rate
cogstant calculations for this compound as the wvalues
gradually increase after 50%:reactionﬁ The higher values
toward the end of”thébreactién miéht possiblyibé due |
to,fhe Slow conversion-of_theideuterated:réécfant tQ'a o
réarranged compound that'801voly2és.at a faster rate.
From these‘resulfs, it can be seen that there is avde?»
,fihite differehce in the rate constants of the two forms
“.of norbornyl pmbromobenzenesullonateo_. | |

It has been calculated that for an isolated
Acarboniﬁm :on; theCXﬁdeuuerlum 1 otope effect of k /k =
ot 4 Would be expected but the obqefved va]ue is k /k %

1015¢ probably due to 1nteract10n w1th the leav1ng group

'1 Wthh 1mpedes»the_bend1ng motion, lowering tne 1sotope

\

18

-"j_effecto Ih direct di%placement reactionq the isotope

".effeou is v1rtua11y non- ex1qtent and the presence of

.-any entorlng group at the rear: of the reaCulng molecule’_

 reduces.the 1sotope-effeot,-rPart101pathngof a neigh-
-:'boring group should  influence thecxmdeutefium isotope
' effoct in the same manner as any enterln group at the

rear. Formlc acid %olvolyqls of Zmpnepylethyl -1 1~d2



'-‘14T

"(,tosylute is known Yo proceed with anchlmerlc assistance:

»and,showm the redueedvl sotope effect of k /k = 1008018 -
: Experimenfal4resulf€ found in this investigat;on~for
7wdeuter10»7wnorbornyl bros ylatevshbw aan%deuteriﬁm
| effect of kH/k = 1.14. This would seem to indicate
uhe-formatlon of = classidal carbowium ioh as opposed
to'fhe influencé‘of neighboring group participationa
o It has been showng ‘however, that the isotope
effectq in the cases: of solvoly%1q of 2~p~an10y]echyl
tosylate and 2r2edlphenylethyl tosylateérfor whlch the
dfiving»erces'for'éhchimeric assistance are grééﬁer,
‘smaller rate feductiéns of 1.12 and 1.10;, respectivélyﬁi
'Wére found. © The reason offered to explain this is
}fhat with greatef stability in +the bridged ihterme&iateg_
 there would be leqs orldglng in the tfan81tlon qtate |
1ead1ng to the 1ntermed1ate “and, thereforeg less reduc~"
'~ tion of the 1sot0pe effect. Such ‘an effect would not -
bb eipected in thevcasefof 7;norborny1 brosylate, however,
sithé absence of éhy rate aCCeleratioﬁA&ﬁe to anéhimeric:
AAa881sbance indicates that there is no gre?t dr1V1ng

- force leading to. the formatlon of an- eycentlonelly qtable

- _-br1dged 1ntermed1auee The observed ol- deuterlum effect

of kH/k = 1 14 would qeem to glve qupport to the preSw’
ence. of a 018381ca1 carbonlum ion as an 1ntermedlate

:;ln'ﬁhe formolysls cf T-=norbornyl ’b]:-'ouyla‘te‘s



CmABLE 1 . 15

Formolysis of T-Norbornyl -

p-Bromobenzenesulfonate
Kinetic Run #1

7 10" % veax.  Cx107%

log (0 =C) Xk x107
(sec) >

(sec1)

10,0000 1.88  2.139(Co) |

3.629 867 1.991 L0311 . 1.974
9.979 - 19.85 1,747 L0877 : 2.024

150480 2626 - 1,608 ';1239. 1.840

21139 35.25 .12 L1804 1.965

25.650 39,85 - 1.311 .2125 1.908

29£927'. 4458 1.208 2482 1.900

33,948 49.44 1102 L2880 1,954

38,569 . 51.60  1.055 L3070 1.843
47.761 61,87 04831 106 1,980
51,577 66;Q5  ©0.740 4610 2,058
56.250 7011 04652 L5160 2,113

- 3937 .g. of 7wnorbornyl-brgsylate*WaSﬁdiluted'fol6O'm1@ .
total volume with 88% formic acid, solvolysis at T'= 95.0°C:

oo, = 1.961% 1070 ge0
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TABLE 2 o 16

_ Fbmmdlysisﬁ@f37mNaTBOrnyl

p~Bromobenzenesulfonate
. Kinetic Run #2

ox10% % peax.  Cx1077

log (Co=0C) k <107
(sec) ' ST

0,000 2,98  2.156(Cq)

3.539 8.74. 2,028 . 40266 1731
19,907 19.55  1.788 0813 1.889
17,586 27.66 15607 A27T 1,906
21 .060 567  {&418’ .1820 1,990
25.607 £1.20 130T .2174 1,955
20,862 47903 1,178 L2626 2.025 .
55.851 50,602 1,098  .2931 | 1.994
58,279 54.31 1.015 23273 1,969
47.657  62.26  0.839 4099, 1.981
51,541 66.90 0755 46Tt 2,087
56,221 69,02 _6;588‘ 4958 2.031

24013 g. of T-norbornyl brosylate was diluted to 60 -mI.
total volume with 88% formic acid,’suIvolysis at T =.95aOOCn--'

_ =6 ]
ove. = 10996 #1077~ seg,:



- TABLE 3 . 1#]1:;

Formolysis of T-Norbornyl

meromobenzenesulfOﬁate

Kinetic Run #3%

- T)(TO4 % reax. C;xﬁo?? " log (C,-C) 'k){ﬁéfé
(sec) - - - (see™h)
'ogoocixr 5,85 2.205(C4y) o |
4557 - 11,55 -~ .2.008  .0%63 1.834

8,971 18.33 . 1.873 0709 1.820

4._ 15.358 ,26Q95 | 1e675 | +1194 j;%§1f
21.118 . 32,08 1,557 o511 1.648
25,765 39.78° - 1.381 .2032 1.816
’29&988  ‘: 4% .63 1.293 .2318 1780
34344 49.41 1,160 L2789 1,870

38,520 52,10 1.098 L3028 1.810

43,020 56.47 0,998 .3443 1.84%
47;311"' 61.99 0,872 4029 1,912
51,757 65.97 0,780 4513 | 26008:
56,779 66.94 . 0.689 .5052 2,049

a4?42 ga of T-norbornyl brosylate was diluted to 60 ml.
‘total volume with 88% formic acid, solvolysis at T = 95;0060 
6 ~1

'-kavee = 19849'XTO’ sec



. TABLE 4

18

52.081

' Formolysis of'7eDeutéin»7~NorbornyI
lmefomdbenzehesulfonate |
Kinetic Run #4 _
px 104 % reax. Cx1072 - log (Co-C)  kX10 €
(sec) - . ! (sec”1)
0.000 ,3089;:7;‘ 2.137(Cq) |
§.327 10,72 1,986 0317 1.688°
9.126 17.55  1.834 0663 1,675
14,249, 24,78 1.675 -1063 1,718
19.181 29,54 14566 1348 1,619
24,509 3747 1.397 .1846 1.735
30.809 43,67 1,253 2319 1.733
34,560 48,44 1,147 . .2703 - 1.801
- 38.801 52.94  1.047.  .3098 . 1,835
43,423 56.91 0.9583 '03483*f' 1.847
48.0%1  60.61 . 0.8760 03873'3' 1.857
64.85 0.7817 4368 1,932

Aro4030 8o 0f 7mdeuterio§7mnorbornyl brosyla%e.was'dilﬁted f

~to 60 ml. totaI Volume with 88% formic acid, solvolysis
at T = 95.0°C. o

ve °

(to 50% reactlon) = 707l0><10

-6 -1
ec



- TABLE 5

RER

o Formolyqle of T~ Deuterlo 7»Vorbornyl S

prromobenzenesulfon 1te

Kinetic Run #5

51984

T x10] % reax  Cx107% log (Cg=C)  kx107°
(sec) S L | (sec™1)
0,000 §.66. . 2.096(Co) |
4,320 11.65 1.942 003327[¢g 1770
90690 22010_f" 1;712»' ;0879"f 2,207
14,184 24,11 1.668 0992 1611
19.145 3154 1,509 L1427 .77
24g469 | 37.21 1,380 1815 1,708
30,798 44..60 1.218 2357 © 1,763
34481 50.23 . 1.094 2824 © - 1.886
38,801 55,05 69988'i‘"_03162\_ '_  1872
43 .362 59,60  0.888  .3730 1.981
47,970 66.97 0.726 . +4605 2.211
70.99 | 0.638 5166 2,289

3982 g, of'7»deuter10w7¥norbb¥nvl broqylété wss‘diluted

4o 60 ml. total volume with 88% formlc aold, solvolys1s'
at T = 95 0 Cu. o

kaveﬁ(tp 50%‘rgaction) ;n15742><105

I

6'S€C?1: 
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TABLE 6

20
Formolysis 6f“7@Deu$erib~7%marbornyi  |
peBromQ%ehZenesulfonate . |
“Kinetic Run #6 -
.T:XTOAr %.r‘eax_q. c ><1"O%2 ~ log (CGg=C)~ k ><1O"6

(sec) : ' .(590*1)
0,000 10.48 1.523(05)

4.428 16,92  1.413 0325 1,690
10.810 25.4% 1,268 L0795 1.694
16.567 32,70 1,145 1238 1,721
25.459 39,79 1,024 1728 1,563

35.955 47.58 0.8917 L2323 1,576
38,455 54,50 0.7740  .2883 Crater
42,750 156,23 0.7446 L3107 1;674 
55.361 L65.74  0.5827 L4172 1,736

© 64.494 CT6.4T oé4do3 25802 2,072

. 72,961 75.260.4209 L5584 1.763 -

.2569 g. of T-deuterio-T-norbornyl brosylate was diluted

at T = 95.0°C.

ave. .

(to 50% réacti0n> ;’1»649QX10"6

gec

-1

to 50 ml. total~yolume withs88% formic acid, solvolysis
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Figure 1- Formolysis of 7-Norbornyl p-Bromobenzenesulfon-
ate, Yinetic Run #1
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Figure 2- Formolysis of 7-Norbornyl p-Bromobenzenesulfon-
ate, Kinetic Run #2
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Figure 3- Formolysis of 7-Norbornyl p-Bromobenzenesulfon~’
ate, Kinetic Run #3
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Figure 4- Formolysis of T-Deuterio-T7-Norbornyl p-Bromo-

~benzenesulfonate, Kinetic Run 4
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Figure 5~ Formolysis of 7-Deuterio-T7-Norbornyl p-Bromo-

benzenesulfonate, Kinetic Run #5
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Figure 6- Formolysis of 7-Deuterio-7-Norbornyl p-Bromo-

benzenesulfonate, Kinetic Run #6
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 EXPERTMENTAL

1. Method and Materials

N _Theistafting~maﬁéfialjfor-fhe'norbornjl derive
- iéﬁives made was V?hofbbfnéﬁone>whi¢h'had'beeﬁ previouéiy.
  prepar§d‘ffom ﬁ,2y3,4etétfgchlarom5y5¥dimethoxy~cycl@~ |
'Npéhfa&iehe according o the prééédvré by Gaé%mﬁn-én&
‘.Papéc>9 Producﬁs were aanyzed on Perkin . Flmer 33T
Grating Infrared Spectrometer, Varian Model A6O Nuclear
'f‘Magneulc'Resonance Specirometer& Mass speotra of the

_{finai‘produéts, deuterateﬂ»and.undeuterated 7»norborn§l

“brosylate, show the cbmpounds to be ﬁery pure. Deuter—
ium analysié showed:the peréent deuferium in the deuter-
ated‘prdduct to be'9403%eﬂ5’:Fb;mic aéid used for the.:
%olvolyqes was Mallinkrod®t 887 analytlcal grade and the
‘acetlc acid used in the tlﬁratlons was Nalllnkrodt glaclal
._aanytlcal grade and the qodlum acetate used as the
:wtltrant was Bakers analyzed analytlcal reagent, A11,~
:acetlc a01d used wa.s urea’ced w1th acetic snhydride to

remove_tlaoes_qf,waterki

2 7»Norbornyl Ketone ;
The pertlal reductlon of 7»norbornenone (3.0 gos
10,0278 m.) to the gaturated- ketone was achieved by cat-

alytlc hydrogenatlon 1n 15 mlo ethyl uce’ca”ce at room.

o



25
{ fempeféture énd atmospheric jpressm_:r?'e.ovefpla“tinum,0‘};3’;6{@-0 T
The_feaction solﬁtion'wés rapidlyvstirred and réduéed
fdr:tWo hoﬁrs.énd fifteen minutes. . The platinum blabk
)_fofmed during'the'reaction wds fiitered.offgin a graVity'
filter and the solution was concentrated by distillation
Vana evaporatgd toxgivewthe~wﬁi%éfcrys%élline produéto->
RéCTyétaIlizatiQﬁffrom a 50%'pentane ether Soiution

- yielded 2.9 g. (9805%) of prodﬁcte~

;30  7~Deuteri@é7éNoTborneoi,

l | ’Lithiumféluminum=deutefiae (0.5 g.) was put
1in-a 200 ml. round bottom flask Whiéh wes fiffe& with
_;gn addition funnel,; = mechanical-sfirrer and a spiral
fcéndensdf Qpeﬁrtq the atmosbhgre through a calecium chlor-
ide tube. ~Thela§paratus was flaﬁs dried before the -

' éatalyst was added fo femee’tfaces*of water, Anhyﬁrpus
;ethér'(KOQO]ml°) Wés’added dropﬁiSe_from the addition*
funnel with stirring-and cooling df:thé reactibn'flask
ﬁiﬁian'ice bath»and Witﬁtice‘watertrunning‘thrbugh the
: éondenéofg fdrming.a light grey:Sinfry with"thé'li£hium
algmiﬁum deﬁteridev The'ketoﬁe‘<2;9»g;¢ 0.0264 m.)
.was_diésolved_in 5O mi@‘anhydrouS»ether énd the ketone
}é%hér*solutioﬁ was then added dropwise from the additidﬁ
,ffunﬁél_to the=slurryw siolegtufnihg the solution from:_-
iightﬁgreyjto’miiky white. Anrédditional 20_m1@_etherﬁ

~was added from washings of the flask.. Stirring and



M26r
- fefluxing of the reaction mixture ﬁas continued for
.twentwaour hours at. 32 T, |
B After twenty-four hours, a 2 /4-DNP test was
%egativée Hydrolyqlq was accomnllshed by the dropw1
Vadditidn of 1.5 mle water fpll@wed by the dropw1se ad-
| Adition of 0.5 mle. 507 soéium hjdroyide¢ The'resulténf
:lexture contalﬂed traces of water in the bottom of the_-
~flask. Most of the water was removed w1th a mlcroplpettée‘
jThe_addltlon of anhydrous'magne81um sulfate removed
the last traces of water. The'éélutioﬁ was carefully- 
:"decah£0d and répéétedly.waShed wifh anhydrous ethef
and decanted before the solid materlal was put through
a graV1ty Lllter and ag%1n washed . _nlter treatment of
ﬁhe-ether solution with anhydrous m;ghesium'Sulfafe-fbf
ermové anyafémainingitraces of water;'it.was'cOnceﬁtrated_ 
'>by‘distillation and evaporated ﬁo drynéss to gi%e 2,8 g,

' (94.0%) of product, me pe. 148-150%.

:‘f4§ : 7mDeut@r10«7»Norbornyl Broqylace

! R After purlflcatloﬂ, the product (2 8 g;, O 0260 m. )
”was di solved in 15 ml. dry pyrldlne (dried bJ dlqtllw
',létidn over,Q3101um chloride) and ch;lled, A 5% QXOeoo

of p«bromobehzénesulfonyi chloride (7.0 g.) was added

" to the solution and it wés’refrigefatea,for forty-eight
' ?hours¢. The reéuifént'solution éoﬁtaining chStais'ofv“

:'-pyrlawne hydrochlorlde was put 1n 10% su]furﬂo acid’



or
':aﬁd{thé,product was extracfedtwith“efhér@. The_éther
extréCts-were~sucCeséivelyrwashed,with'GE hydTOChlofic
écidf-saturated potassium bicarbonate and finally with
watér¢ ThéVether SOlﬁtion was concentrated‘hy distil-
 lat1on and evaporated 40 - glve a white. cry%ta]ll e produc’c°
,Recrystalllzatlon in 60% pentane_ether and flnal dryiﬁg
if & vecumm desicoator tésulfed in 3.2 ge. (4303%)V0f

prodUCt; Me Po 85--8:'70°

5o ,7~N§rborneol
| The complete fédﬁctionbof17~n6rbofnéﬁdne‘(3;0 oy
'0;0275 m..) to 7fhofborﬁe01 W&S~éch£evéd by1Catélytib
h&drogeﬁation in 15 ml; ethyl acetate at room'%emﬁera~
ture and at atmosphericrpQQSSure over plafinuﬁ‘oXidee'
The réactién wéé‘alibwed fo continue with stirring until
'no furuher hydrogen was taken upo The - flrst equlvalent
Arof hydrogen was taken up in two hourso  The remalnder
was taken up at o rate of about 25 ml. per hour. The
'w reaot1on flauk was allowéd to stir under hydfogenafbrﬁ
a total’ofvfortyasix‘hourée‘ The platinum black formed
vduring»the réaction was. fil%ered off on 2 gravity-fil#er{
The ethyl aceua%e qolu+1on was concentrated by distil-
latlon and eve porated to give the white crystalq of
_saturated alcoholw Recryqtnlllzatlon in 50% pentane
“efheTVgave;2¢8,gw (900) and: 1°J g¢'(617) of product,
m. p. 147-149°, '
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6. . T-Norbornyl Brosylate -

| After purifiCatién} the product (4.7 g 09042O m;)
- was diss olved in 15 ml. dry pyrldLne and chllled A

5% excess of pmbfomobenzeneuulxonyl onlorlde (12,0 go)
Was_added to the cold solution’ and 1t was left in the“
v__cdid for twentynfoar-houfso- To the Solu+1on was added
  §0) sulfurlc acid, the producdt wes extracted with ether ‘
and the ether extracts were washed with éN hydrochloric
acid, saturated potassium bicarhoﬁaterandiwatef@ The

ether solﬁtion was concentrated by distillation and
evaporafedrfo give ‘the white crystalline product. Re-
'crystallization in 75% pentane éther'and final drying |

lln a V?cumm desiccator gave 6.3 gcv(49 5#) of product,

: mo D 86—880

To Cyclohexyl Brosylate

Cyclohexanol (4.0 goy O 0364 m.) was dissolved
in 20 ml& cold dry pyr1d1ne& p—BrOmobenzenesulfonyl
" chloride (10.2 g.) wasqadded and dissolvéd:and>the mix— -
ture was alloﬂedvtb stan& in the céldﬂfor twelve hours.
T@ the solutlon st aaded 10% qulfurlc dCld the product
was. extracuea Wlth eLher and the ether extfacts were |
washeq Wmth»éN hyarochlquc a01dy_sabufabed potagsium
bibérbonafeTand finally'wi%h water. - The ether ext*act5>'
were distiiledfuntil no more ethéf cameugver and the -

result was .a Véry_thick liguid Wwhich would not crystal-
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-;lize;exéépt‘after two days of staﬂdiﬁévin-freezing.femw‘L‘
" peratures.. The}white'Waxj solid~obtéiﬁéd was mashed

aﬁd spreadfbn filter,pa;er'to fémove'liquid im@uritiese
The powdery material obtained was dried in a vacumm .
-@esiccator and reérystailiéed several times from pen-
tane. This prbpgss_was,repeated usihg a'mofe'ﬁure-gfade
of”ethef‘fof eifractiono. The'nfoduot bbtalned were

1.8 8. (16%) and 5.8 ge (50%) @f whlte oryscalllne %Olld, 

20 m. p. 4841 -48. 6%) .,

. p, 48 ~50% (1it.
‘8@ Methods of Rate lMeasurements

For sOlvolyQiq in formic acid; thé.procédure
-‘reported by Wlnsceln and Marshall16 was used The
startlng materldls were weighed out and made up- to volume
| W1thvformlc acld at.23~25 Co; The volumetrlc flasks
Were'heafédfsufficieﬁtly so. that the brosy1ate was Ccome
V-pletely“in_Solution»and the contents weré then trans-
' férred to Stopperéd round'bot%om'flaéksg 10 ml. more
formmc acid was added with a pipette, and the flasks
were 1mmersed in the temperature bath at 95 ‘About
(S;X ml@ samples were wlthdrawn with a‘1leo.p1pette at -
.Varidus.intefvalsq co¢ied to-réoﬁftemperaturé.OVef icé
fbrf4§'secondé¢ fiVe!me of'whi¢h"waé-pipetted into'a
100 ml. beakéfiéoﬁtaing 5O ml. of anhydrouﬁzacetiC-acid y
"~ to be tltrated potentlometrlcally as descrlbed below, o

Aftef the reactlon had reached - about 4Cm veac ion, about
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:  fQufgml¢ §amp1es were removed frém thé reactidn'flaéksi}
VVWiﬁh’é fivefml@ pipette?'cooled_on‘ice ﬁo room,tempéré%jfi
Qiurg'fbr twehty_seconds;and three mI. of the solﬁfi§ﬁ o
was titréted»in the same way. The time of.delivery:ontcr’

" the ice-was ueed in the rate ca]culation%, the~time*of

";gfdellvery of  the flrst samnle called zero tlme,

The same method was used for runs at 25° except
that five mlo samples were delivered directly into al'
-ZJQO ml .. beaker w1th 50 ml. anhydrous acetlc acid and

- the tine of‘that delivery was used in the rate calculatlonso

 90'>Potent1ometr1c lerdtlon

- A Beckman pH meter, model G w1th Qtandard glasq
_and'balomel_electrodes was'employed;for the t1trat10n$o
The electrodés were immersed in the stirred solution o

o be titrated, the solution was titrated with 0.00883 N
'poﬁassiﬁmvacetate~in énhydrous aceﬁic acid and the m. V.

readings were plotted against the volume of added base.

:~-;The7potassium acetate was standardized with & standard

’soiﬁtion.of perchloric acid in acetic acid., Titrations
af'verY1low'Qoneentrations of generated acid Were unsteady;
at least a 5%'reéction-conéentration needed for avgbod.
tiﬁrétion._ Titratidns.of-higher conCentfations gaﬁe'

‘& more. pronounced point of 1nflectlon on the titration
curve ’when three mle rather than five mlc aliquots

_were titrated o
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