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ABSTRACT

Supervisor: Dr. R.E. Pincock

A method of halogen exchange at normally unreactive bridgehead positions
was developed utilizing the iE.éiEg generation of aluminum trihalides from
aluminum foil and iodine, liquid bromine and gaseous chlorine in various
solvents. The resulting solutions of aluminum iodide; bromide and chloride
promoted rapid exchange of primary, secondary and tertiary halides under
mild conditions and in high yield., Aromatic halides proved to be inert to
the reaction conditions. Halogen exchange was shown to proceed from Cl—) Br
-1 as well as I— Br—Cl. The rate of the reaction was found to follow
the relative stability of the corresponding bridgehead carbenium ions i.e.
l-tricyclo[B.3.1.13’?3decyl(adamantyl) 7’l-bicyclo[§.2.2]octy1 7 1-bicyclo~-
[?.2.1}heptyl:>7 9—triptyceny1(9;10—O—Benzenoanthracene—9;lO—dihydro).

Photochemical reactions of bridgehead halides of the adamantyl and
bicyclo[2.2.1]heptyl systems were examined and found to follow both free
radical and ionic pathways; the relative amount of each depending upon the
halogen atom and the solvent used; Iodides reacted Xiékan almost exclusive
ionic pathway, chlorides 212 an exclusive free radical pathway and bromides
via both pathways. With polyhalogen compounds the loss of halogen atoms
was stepwise, no evidence for any "dehydro" or "propellane” type intermediates
resulting from concerted loss of two halogens was found. The irradiation of
bridgehead iodides in alcohols produced bridgehead ethers with bridgehead
amides resulting from reaction in alkyl nitriles. Reaction in alkyl amines
did not lead to bridgehead amines and reduction products were formed instead.
Halogen exchange was observed for the irradiation of adamantyl iodides in
halogenated solvents while for adamantyl bromides, chlorides %pd fluorides

halogenation was found.
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13C and 19F) of the

The nuclear magnetic resonance spectra (IH,
halogenated bridgehead derivatives of tricyclo[3.3.1.13’%]decane (adamantane)

showed anomalous chemical shifts upon successive addition of halogen atoms

possibly due to interaction of the back lobes of the adamantane bridgehead

carbon atoms.
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INTRODUCTION

The special character of reactions at the bridgehead positions of
polycyclic systems was first noticed by Bartlett1 in 1939, His proposal
that these systems would be an ideal area to study reaction mechanisms
and the preferred geometry of transition states has been proven over-
whelmingly correct again and again over the past 36 years by many research
groups around the world.2

The first example discovered involved the relative inertness of the

1l-apocamphyl system,

NO REACTION
Cl KOH \
7
PCls 3 NO REACTION
OH

At the time this work was published it was generally accepted that the
only way in which one anion could replace another in any neutral mecle-ule
was via a Walden inversion (today known as the SNZ displacement reaction).
Bartlett reasoned that in the apocamphyl system (as well as other rigid

polycyclic molecules) this type of displacement was impossible and that

the observed inertness would be a result of the inherent instability of
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the carbenium ion necessarily produced by a unimelecular reaction. This
concept was later refined to suggest that carbenjum ions would prefer a

sp2 planar geometry allowing the three bonding orbitals to be as far apart
as possible. The vacant p orbital would be at right angles to the plane of
the bonding orbital. This planar arrangement has been supported by
theoretical calculations3 as well as by nmr4 and infra-red studies5 of
several carbenium ion salts.

Thus in systems where the molecular geometry prohibits planarity a
bridgehead carbenium ion reaction will be slower thanifor a system in
which a planar intermediate could readily be formedZd. Therefore an
examination of the rate of solvolysis for a series of bridgehead compounds

would lead to a relative order of carbenium ion stabilities as shown below6:

(the rates have been corrected for differences in the leaving group)

Br
Br Br Br
Br
1.0 2x10 2 . - ]
7x10° 2x10° 10°
Br % @
Br OTS OTS
3x10° 10° 10° 10" 10"



This method of using relative rates is valid only 1f the transition
states for the reactions all fall at the same point along the rcaction
coordinate. The assumption of cqual degree of fonization has been made
previously so that relative rates for a serles of closely related cbmpounds
(eg, bridgchead bromides) may be taken to fairly well represent stability7.

The larger the size of the rings composing the bridged system the more
readily will an sp2 hybridized carbon be accepted at the bridgehead.
Therefore a continued increase in the ring size should lead to rate:
enhancement for bridgehead solvolysis relative to t-butyl halide. ‘TWO such

examples are known and are shown below:

' A} ' A~
X X
K rel
7

X:=Cl 1.0 10° 10

Empirical force field calculations on bicyclo[B.B.%] undecanc (manxane)
jndicate that a total of 6.8 kcal of strain energy would be relieved in going
from the parent hydrocarbon to the bridgehead carbenium ion.8 This is a

result of the angle strain in the molecule (normal Sp3 hybridized carbon

atoms have angles of 109.5° while in manxane calculations show AC2C1C8

R ~ 0 _ o
115 2° 1 9 3 118.8 andrf-C?CBC4 118.27).

This extreme reactivity is indicated by the fact that a pentane

i}

solution of manxane is spontancously converted to the monoperoxide ( X = OOH)

by passing a stream of air through it. The chloride solvolyzes lO times as
fast as t-butyl chloride, and is totally converted to the alcohol (X = OH)

”»

upon exposure to atmospheric molsture for a few minutes. Further calculations



indicate that the presently unknown l—chlorobicyclo[z.4.{]tetradecane8 will
be even more reactive, solvolyzing approximately 107 times as fast as t-butyl
chloride,

The above bridgehead compounds solvolyze over a range of 20 orders of
magnitude. As a result of extreme nonreactivity the synthesis of bridgehead
derivatives of the smaller ring systems has been difficult, often requiring
long and roundabout routes. The bridgehead halogen compounds are the most
useful intermediates. Some of the synthetic routes which have been employed

to obtain them are shown below:

Cl Hd Cl Cl Ci
cl cl & Cl Et3N o
Cl ref 9
PCI AICI ¢l
o —FCls 5: _AlCl;
ref 10
cl - A Cl | Pd/C Cl
Cl.,.~ %(CHZ CH2 7 H,
Cl c Cl
CI 0 H
» C“2500 refi

OH __HX X
| 150° ;
OH X



Bridgehead Ionic Substitution

Because of the greater reactivity in the larger ring systems, direct
“tnlz m e used to obtain brideehead halogen compounds. The most useful

techrnique has been direct bromination.

j%fﬂﬁ§ r _ Be
80° oE
18°/o 2 5 Br‘

24 hr )
m
ref 12 10mMin
85°%%
ref14
/s ; ;
qL [ ____%_) _Br.
25 529 ESOo
24 hp 2 hr "
ref 13 95%,
ref 35
-@}_9 Br
o B 2
- / 1% '/_ —_ o
3 hr g 95°/o 25
24 hr .
et 16 ref 17

In all cases exclusive bridgehead brominatirn occurs because of the
greater stability of the bridgehead carbenium ion over any of the secondary

cations. Once isolated, the above bromides have been converted to the other



bridgehead halogen compounds directly with concentrated acids or yia the

corresponding 1-hydroxy compounds, The reactions are exemplified for

l-bromoadamantane.

Br i \x?/ Br

ref
SOC]Z ,] c,)

O/o
AgF HE1
r B0
H
N/ 870
HT e
3
o
|
F I- ref 2()
ref19

Peterson21 has also found that bromine may replace other substituents

13t; \
° /
80
X 3 hr r

X =F C1,0H

as shown below:

80-90°%



As a result of the electron withdrawing nature of bromine, additional
. 22 . . . . . .
halogenation”” requires more vigorous conditions with added Lewis acid

catalysts. The same is true for alkyl substituted adamantanes as well.

r
" N
MBS 8o°
30° Br r 24 hn Br r
3ne .
) 78% , 2T
10
A\ dﬂygﬁ

46°,

Under forcing conditions diamantane also reacts further to yield

three disubstituted productslﬁ.

@‘;’Z & @@7

However, McKervey and co-workers have recently discovered that specific

diamantane diols may be produced165 by ﬁse of the fungus Rhizopus Nigricans

as shown:



256
97 %%
OH H
2 ;;%/5 \ H "
5
75 %

As a consequence of symmetry the other diamonoid hydrocarbon systems

yield highly complex mixtures of products from Lewis acid brominations (if

they do not also rearrange to substituted adamantanes under the reaction

conditions).

Olah23 has recently published a facile method of producing bridgehead

and bridge halides from the corresponding alcohols with alkali halides in

polyhydrogen fluoride - pyridine solution.

Salt
H_Sait X aF
70°/oHF 2
NaCl

NH, Br

ey

KI

80

35

70

20



Stetter24 has found that the adamantane ring may be chlorinated directly
in CCl4 with aluminum chloride to yield a mixture of the monochloride and

dichloride in 857 yield.' Use of thionyl chloride in place of CCl, led to

4

the formation of the trichloride.

_CZ:Q% +

Clg I

o

75
SOCi 2

N CI
56°%
The only other direct method of synthesizing bridghead halides was
found by Inamotozs. Hydride abstraction from l-substituted adamantanes
by t-butyl cétion in the presence of hydrogen haiides yielded the

corresponding bridgehead halogen compound,

Y Y  X=ClBp

t- BUOH X
70-90°% |
Bridgehead halides may also be produced by use of precursors to the
diamonoid molecules. Rearrangement of exo or gggg—tetramethylenenorbornane26
and exo or endo~trimethylenenorbornane in tﬁe presence of aluminum chloride
led to the formation of chlorinated adamantanes. Similarly, rearrangement
of a hydrogenated norbornadiene dimer27 in the presence of chlorosulphonic

acid led to the production of 4,9-dichlorodiamantane.
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|
H
3 (AICIy Al
- CH>O CH3COcI
' .

74, 82°
Cl

Ho/Pt <o |, CISOsH
/7 ~14 20 _450
82°%,

An indirect method of synthesizing halogenated adamantanes has been

electrophilic additions to dehydroadamantanes;

Work performed in this laboratory has shown that l;3—dehydroadamantanes
are formed from the reaction of 1;3—dihaloadamantanes with either sodium at
room temperature or n-butyl lithiumAat -35° C in diethyl ether with added

HMPA30.

Y Y X=BrCl

~/

Y=H,CH3
X

These highly reactive, oxygen sensitive dehydroadamantanes may be
easily isolated by sublimation under nitrogen. The same ease of purifiéation
has been observed for 2;4-dehydroédamantane; Once isolated, both dehydro-
adamantanes may be used to synthesize substituted adamantanes.

Secondary halides have been isolated in low yields28 from the hydrogen

halide addition to 2,4-dehydroadamantane29.
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G &

major

Better yields have been realized from additions to 1,3-dehydro-

adamantane30’3l.

X

X
N~
<

Y=HCH; y

Y- Y ' '
| —L
Br | Br

As can be seen from the above examples the synthesis of tertiary or

secondary adamantyl halides is relatively straightforward; however, the
isolation of mixed bridgehead and bridge halides requires additional

manipulations. ‘Syn and anti-1,4-dihalides may be isolated from the Lewis

acid catalyzed rearrangement of gemadamantyl dihalides as shown below. The
reactions are not clean however; the 1,4-dihalides must be separated from

the other reaction products.
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@%N@\ |

)
&
v PO\ Al
IBI“3 C’3
r . |
et 32
r |
ref 33 ref 34

The isolation of 1,2~-adamantyl dihalides first requires the synthesis

of tricyclo[4.3.l.0.3’8:| decan-4~-one (protoadamantanone) via the following

ot

Upon treatment with PClS/PCl3 this ketone vields two products; the

route

desired 1,2-dichloroadamantane and 4-—chloroprotoadamantene36 (which may be

converted to the dichloride with boiling HCl). Treatment with PBrS/PBr3

leads directly to 1,2-dibromoadamantane.

H Cl
= I
X=Cl ) /liii;} +
!
36°
[ &

CJ P 299,

PX3

X=Br

~N
)
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Related to this, the 1,2-diiodide requires an extra synthetic step,

production of the hydrazone37.

hlfJth H L
EtsN_ y T
I )
2 |
o’ 2P e L
HT T

As can be seen from the above examples there are many ways of

preparing halogenated adamantanes and other polycyclic hydrocarbons, but
there have been few attempts made to convert one halide to another.

'Methods of halogen exchange in acyclic systems have been known for
many year338 but most fail to'work‘onitertiary-centers. One of the earliest
is the Finkelstein reaction39 for converting primary chlorides and bromides
to the corresponding iodides using Nal in acetone or a higher molecular
weight ketone. The reaction proceeds because NaCl and NaBr are insoluble
in the reaction mediumopushing the equilibrium to the right,

RCH,X '+ Nal A‘_‘-_ RCH,I + NaX

Chlorine and bromine exchange may be performed but mixtures of products
are usually observed. Secondary and tertiary halides may exchange, but at
a greatly reduced rate compared to primary halidesao. Schim41 has used
methanol as a solvent to achieve iodine exchange at a secondary position:

csnllg[ricuB + Nal —ﬁ%oﬂ c5H11<I;HCH3 - Tsn

Use of higher boiling and more polar solvents can speed up the reaction

and increase yields but the procedure still works best for primary positions.
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42

__NOI_J:{MEA_>

100°

3days 959,

43

KT  HMPA
150°
3 dOys

\-
7

75°%0

Miller44 kas used an extension of this reaction to convert tertiary

and benzylic chlorides to the corresponding iodides using an excess of Nal

-in C32 at 20o with a trace

of FeCl

3 Interestingly enough, primary and

secondary halides fail to react,

Yield Time
: ; 907 24 hours
Cs,
| L
H
C 3——)” IH3 100% 22 hours
| XCHoCL 1 \ HoI 95% 10 hours
= . i
(CH3) ccl — ; (CH3)3CI 90% 2 hours .
Bromine to chlorine exchange has recently been reported by Vida45
using silver difluorochloroacetate.
Q’yme |
124° !
24 hr

85%
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Kagan and co--v.-:orkers163 have recently used graphite modified SbCl5

to promote chlorine exchange. In the absence of graphite & chlorination

occurs preferentially as shown below.

) S ,-
lmCl
CCly T
no graphite 17 ‘ 987%
with graphite 60% 35%
I r
1" N wCJ
4 +
no graphite 17 81%
with graphite 627 18%

Filippo and co—workers46 have also shown that MoC'5 may be used to
convert alkyl fluorides, bromides and iodides to the corresponding chlorides.

Tertiary, secondary and primary halides exchange with rearrangement of

primaryAhalides occurring.
SN NN
NN l R \[,”
Clg X o , NN
C ! o/,
/\/\C}'\/ v T o
Cl —a TN
45-70°% ' 58°%

Kauer47 has recently shown that iodine in normally unreactive positions

will readily react with iodine monochloride to produce chlorides as shown .

below:



ICI
CCly
25

N2

T " I :‘ ]
T 1 Ci

The relative ease of carrying out the reaction led Kauer to suggest
that a bridgehead carbenium ion was not involved but rather the following

mechanism was occurring:

N 5 /2
RI + 2ICl RAL G+ I,

» R-C1 + IC1

The above is supported by the early work of Thielé48 who isolated an

unstable dichloroiodo complex from the reaction of methyl iodide and ICIl.

+=80% =289
CHjI + ICl —_— CH,ICL, = CH,C1 + ICl

The reaction to replace halogen by fluorine at unactivated centres has
been found to be difficglt and to require more vigorous conditions49.
Anhydrdﬁs silver fluoride has been used to synthesize the four possible
bridgehead adamantyl fluorides in good yieldsSO. Muller has also used it to

exchange F for Cl in the diphenylbenzocyclopropene system as we1151.

ad(sr) 425y Ad=(F) x =1,2,3,4 60 - 80

@~ -
ci”c FF

85%
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Thus there are many different methods to interchange halogen atoms

but until recently no one general procedure to effect complete éxchénge in

both directions (i.e. Cl — Br — I as Qell as I > Br > Cl).

This has been developed by Pincock and co~worker552 for the bridgehéad

positions of édamantane, bicyclo[2.2.€]octéne and bicyclo[2.2.{]he§tane,
The fést and efficient exéhange involves the in situ generatioﬁﬁdf

the desired Lewis acid catalyst from aluminum foil and bromine in a :_ \

halégenated solvent. Mono and tetra substituted adamantanes were rapidly -

exchanged in high yields. The smaller riﬁg systems required more vigdrous

conditions but still proceeded in good vields. 1In the case of jodinated’

. solvents the yields were lower due to side reactions, mainly reduction and

poiymer;zation.

" ‘Bridgehead Free Radical Chemistry

Unlike ionic reactions which proceed via exclusive formation of the
bridgehead carbenium ion; free radical reactions of adamantanes yield
both secondary and tertiary products. qu this reason less work has been
d&né on the.free radiéal chemistry of the diamonoid hydrocarbons; the complex
mixture;of producté are often very difficult to separate and analyze
completely.,

One of the earliest studies involved the free radical chlorination of

A 5%
adamantane in various solvents™~,

h© \ -
Cl, ’
Solvent ratio of A/B |
CS2 2,10 A | : B
C6H6 : 1.17 :
0.63

oet,
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In CCl4 a fair amount of polychlorination was also observed but the
identity of the products was not established.

Oda and co—workersSA‘have also shown this competition between bridge
and bridgehead abstraction in the reaction of adamantane with benzoyl
peroxide and oxalyl chloride. Upon methanolysis an 82% yeild of the methyl

esters was achieved (separable by distillation).

(b)
oo

OC

\5\@\

Z; CO,CH,
O,CH3

45

Studies by Tabushi55 have established that the bridgehead adamantyl
radical (a) was more readily formed than the bridge radical (b). He
examined the competitive free radical halogenation of adamantane with benzoyl

peroxide at 90° in various solvents,
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Table T Free Radical Halogenation of Adamantane

Reagenﬁ Solvent 1-C1 2-C1 1-Br 2-Br

NBS C6H501 45 55
CH2Br2 CHZBrZ' 75 25
CCl4 CC14 89 11

BrCCl3 BrCCl3 5 85 10

Experiments under O2 showed that only the bridgehead radical (a) could
be trapped to form l-adamantanol, i.e. it was long enough lived to allow
.competition between halogen exchange and trapping by oxygen.

The results in Table I also showed that steric effgcts were important;-

with the bulkier H abstractors (—CHBrZ‘and —CC13) more bridgehead products

were observed.
Further studies with the Hunsdiecker reaction of 1 and 2-adamantane

carboxylic acids showed the bridgehead radical to be less discriminating in

its reactionsS6;
, IL:C 43 N
Clg | r

@)
2H 10 10
OE‘H”*% — I Br
.+—
11 10

(Later work showed that in the case of the bridgehead acid, halogen
exchange via HgCl2 was occurring55 and that the ratio before exchange was
actually 1.3:1.0; the secondary system did not undergo exchange). Thus the

secondary radical selectively picked up a bromine atom while the bridgehead
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radical préferred to pull a chlorine atom from the solvent. This suggests
that the secondary (bridge) radical is actually the more stable.

This low selectivity of bridgehead radicals has also been shown by
the same reaction with Br2 and HgO in CCl4 on blcyclo 2.2, 2 octane-1-

carboxylic ac1d57

o o

68°%, 4 32°%,

The actual competition between secondary and tertiary radicals usually
depends on the nature of the abstracting agent. In some cases only
bridgehead products are found. Billupsss has found selective bridgehead

abstraction in adamantane by the use of nitrogen cation radicals.

H2 SO4

At o 2
Ao s - B
& —du

However, this selectivity may be due in part to the possible formation

of bridgehead carbenium ions in the strongly acidic reaction medium.
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No trace of secondary products were found from the carbene addition

fas s 5
to adamantane utilizing a phase transfer agent 9.

R4NCI
CHCI2

Selective bridgehead radical formation was also observed in the

photoacetylation of adamantane60 as well as diamahtane61

\
(CH5COMa ’

, - S?
CHy
] ; 1_
55 1

However, attack on polycyclic hydrocarbons by nitrenes resulted in

CHy gCH3

both secondary and tertiary products as shown by the following reaction62:
0 L 0
. o . [P
R'-CH, + ROCN ——) ROUNH-CH,-R

From this reaction the reactivities of the various positions was

determined. (relative to cyclohexane = 1.0)

£ 94
4 j 1 / :{ D)
44 R7s 24 12

63

Thus the relative rates of reaction for the bridgehead positions were



1.0:0.3:0.07 for adamantyl to bicyclooctyl to bicycloheptyl. The
corresponding rafios for bridgehead bromide solvolysis (carbenium ion
intermediate) were 1.0:10-3:10_10; Thus a free radical may be formed more
readily than a carbenium ion at the bridgehead of the smaller ring systems,

Owens63 has also found that free radical bromination with BrCCl3 leads

mainly to bridgehead products (both halogenation and halogen replacement).

.
Oom &, - G

major

\
!/
X=FClBr
r

Further studles w1th photochemically generated Br atoms in CCl4

showed that mixed secondary and tertiary products resulted but no product

analysis was performed.

&

X=Br or CJ

% X
"
— - Xos
Y Y Y

Y =CH3/F,C|,Br
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Wynberg65 has reported an interesting study in which competition between
free radical and carbenium ion intermediates was involved. Kolbe elec-
trolysis of carboxylic acids normally follows the mechanism shown below:

RCO,~ S =—» R° 1.
® — R-® 2.
R — rTROES pope 3.
In most cases the normal product in high yield is the dimer. However,

in the case of adamantyl acids the following results were found.

H

23°%.
51%,
CH3OH
B, G
’ 02H CHy
' 70°% 0]

Here the intermediate bridgehead free radical readily lost an electron
to yield carbenium ion products exclusively while the secondary acid gave
both cationic and free radical products. Therefore, in cases where a
competition between cationic and free radical pathways exists the

bridgehead substituted adamantanes prefer to react via the cationic one.

" 'Photochemistry of Alkyl Halides

The absorption of ultraviolet energy by alkyl halides has received
extensive study but in nearly all cases involved homolytic carbon-halogen
bond cleavage which led to free radical derived products66. Aromatic

halide photochemistry has been examined only recently67 and in some cases
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photochemical nuclecophilic reactions are observed as well as reduction.
In the only study of comparative reactivity of halides, Pinhey68 found two

reaction pathways for the excited aromatic halide.

OH - OH
| OH X |
hi . N
x"_?O | | rot - X
QH H
OR H

X = Cl 62 - 19

R = iPr X = Br 9 , 73
X =1 | | 0 82

He attributed the increase in the amount of reduction product to the
decreasing strength of the C-X bond which would facilitate homolytic cleavage,
In a similar study, Bunce and co-workers examined the photochemistry of

a series of halogenated naphthalenes in mEthan0169-

X | QCH3. H 5
ho N
CH3OH 7 + +
X=F 99 - -
X =Cl - 75 25
X = ﬁr - 52 48

However, Kropp7o has shown that not all alkyl halides react via a free

radical pathway. In the 2-norbornyl system, completely different products
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were observed from the irradiation of the iodide and bromide in diethyl ether.

Br EtZO %

92°

sy s

81% 19%

Thus the norbornyl iodide appeared to react via an "ionic type"
intermediate while the bromide reacted in a free radical manner. Further
research on bridgehead halides71 revealed that competitive ionic and free

radical pathways were involved.

X ho . LOCH3
CH4OH

N

X = Br : 55 35
X=1 ' 12 76
It was envisaged that initial excitation led to the formation of a
radical pair which reacted via two modes. It could either undérgo electron
transfer to yield an ion pair which underwent-nucleophilic attack by the
solvent or hydrogen abstraction to yield the hydrocarbon. This was supported

by irradiation in the presence of 02.

X = Br 30 40 19
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Thus trapping of the radical pair by O2 could favourably compete with
electron transfer to the ion pair; |

Since feactiéns at small ring bridgeheadsare rare, slow, and usuélly
inefficieﬁt, and‘since ingerchange of all halogen atoms had not been
accomplished, thé initial research reported in fhis thesis was concernéd
with'developing an improved method of interconverting bridgehead halogeﬁ
atoms. Special emphasis was placed on the isolation of iodides whicﬁ might
be photochemically induced to react to produce a variety of bridgehead |
substituted compounds in small bicyclic and tricyclic systemé.

The irradiation of the diiodides would also be examined for any

transient appearance of strained propellane type intermediates such as shown

below: | :
— )
. 7]
| o 1 Z %

—

Finally, the photochemistry of bicyclic and tricyclic bridgehead
chlorides, bromides, and iodides would be examined in order to determine if
competing free radical and ionic type reaction pathways would be found as

with the aromatic halogen compounds.
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RESULTS

In this section a brief account of the experimental results will be
presented with little interpretation. A more complete analysis of the
data will be found in the DISCUSSION section.

I Halogen Exchange -

Since a recently published method 6f.halbgen exchénge gave low»yieidé
of iodidessz, the development of a milder but more efficient system Qés
éought. The iﬁigégg generation of -aluminum iodide from aluminum foii aﬁd
elemental iodine in refluxing carbon disulfide»wasvfound to produce a~§ery ,
active cata1yst which converted fluorides;-chlorides and.bromides_ta tﬁeA
corresponding iodide in high yiela. Onée the aluminum iodide was formed, the
solution was cooled down to roém température; Oo; or —SOO,Idepeﬁding upon
the natﬁre of the halogen compound. The substrate was then added and the
éxchange was complete within one minute. The same solvént was used to
initiate‘brbmine exchange as wellg in this case the alumiﬁum.bromide'was
generated from aluminum foil and liquid bromine. | |

| For chlorine exchange the aluminum chloride was-generated from aluﬁinum.

.foil and géseous chlorine in chloroférm. Unfortﬁnately;.the use of“carbon
disulfide as solvent ied‘to excellent‘yields of elemeﬁtal sulfur, while the
use of carbon tetrachloride as a solvent produced substantial amounts of
hexachloroe£hane.

Priméry,'éecondary and tertiary halides were all found to exchange
breadily while aromatic halides were inert under the reaction'conditioné;_

The StrucﬁureSOf'the halogenated adamantanes were verified:by nmr ahalysislg.



AllT; Al (CI Al 112
C 2 C (:E3 c 2
|
I
85% 90% | - 95%
f1— 0
Ci  Br o I
5 593ﬂh‘5 ,//\\\//) —————} ///\\v//J

68°6

[ jBr [ jI
78°%0

Rearrangement of secondary to tertiary positions.was found to occur

slowly. : ‘ |
Br & I
CALTy N N
CSs. T

t =5 hr ratios:l 3 6

t 22 hr ratios:l 5 1
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Raccmic‘2~bromOOCtane was found to produce an 857 field of the
correspo§ding iodide. When (+)-2-bromooctane was used ([x] b = +29.4°
‘éptical purity 66.5%) racemizaﬁion was the hajor reaction pathway at foom
temperature; however, as the temperature was lowered the amount of in&ersion

product increased as shown below,.

’//\\‘f/ﬁ\*“//\\V/// .ZBL__J%%_;ﬁ -///\\\//”\\v//“\?g/’v

Br CSs,
Temperature [£]) b Enantiomeric Excess
25° ~0.0° _ 0
0° -2.2° 5.1%
-53° -8.7° o 20.4%
. - -~65° - -9.8° 23.0%

Exchange of c¢is and trans-4-t-butylcyclohexyl chloride.was'alsoifound\

to be temperature -dependenty however, both isomers yielded the same

“'cis/trans mixture of iodides at various temperatures as verified by nmr analysis .
H
T
- H
o ) » . %
73 27
38 62
70 30

35 65
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The ease of the exchange reaction for bri.lgehead halides was found to
follow the observed order for the solvolysis of bridgehead bromide326. That
is, the adamantyl bridgehead exchange was extremely fast, the l-norbornyl

system very slow and the l-bicyclooctyl intermediate in reactivity. A more

detailed analysis of these results will appear in the DISCUSSION section.

Al :[2 \7 Y
Cs, t=30 sec
-50° '
n
25° L {
> t=15 hr
X Y
! N Y ,
46° ! t=4days
X ) %
X=C| Y=I

This method of exchange using aluminum halide was compared to the use
of ferric chlorideAin carbon disulfide; This ferric chloride reaction was
found to be much slower and to require a large excess of Lewis acid to achieve
complete chlorine exchange. Because of this relatively decreased activity,

however, isolation of intermediate mixed halides was possible,

/\\Br I /\.C1

FeCly N
O e

40 hr 3 | 2




o

46 o
6 hr CJ

~JV’

IT -~ Photochemistry of Halides’

A) Photolysis'of'Bridgehead’Halides”in;Alcohols

As found for the aromatic halides66’ 66a’ great differences in the type

and ratio of products occurred for irradiation of bridgehead chlorides,

bromides and iodides as shown below.’

| ho
) + |
x on @* | @OR
I 5%

X =1 z 95%
X = Br : 20 - 30% 70 - 80%
X = Cl | 100% -

A comparison was made with the thermal reaction 6f l-iodo and l-promo-
adamantane in refluxing methanol: After six hours the reactions were 357
and 107 completed and 907 and 607 completed after 24 hours. The photo-
chemical reactions at approximately 35% C were completely finished.after
2% and 8 hours respectively; At room temperature l-bromoadamantane showed
no reaction after three weeks; while l-iodoadamantane was 307 consumed.

Irradiation of di and triiodides gave good yields of the corresponding

ethers. Irradiation of di- and tri-bromoadamantane on the other hand



yielded mixtures of mono-, di~ and trialkoxy adamantanes,

| H CH, NOCH3
_DQ_H + 1 ’~
CH3OH ‘@
X=1 t = 4 hr 3% - 97%
X = Br £ =22 hr 5% 31% 64%
H3 C}43
N
“% r CH 7
X q\}

X=1 t =6 hr — -
X = Br t = 24 hr 19% 50% 22%

No 1,3-dehydroadamantane intermediates were detected, rather
monitoring by glc indicated that a stepwise reaction was occurring. Workup
of the photochemical reaction of dibromoadamantane in methanol before
completion gave two intermediate bromo-~adamantanes which reacted upon further
irradiation to yileld the observed products.
Hj

hv \

CH3OH

t=8 hr

+ +

@
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The same trends were found for the 1,4~diiodonorbornyl system, except
that a higher percentage of hydrogen transfer relative to substitution by

OCH was observed.

b g 4

19°/, 43% 389,

When the reactions of the- l-haloadamantanes with methanol were

repeated in the presence of 02,’1—adamantanol was produced at the expense

of adamantane.
hvu
CH3OHE

@%@ @W,

= . 697
X = i 67 947
The reaction of adamantyl bromides could be stopped by the use of a
Pyrex filter; iodides continued to react through Pyrex.

B) Prodﬁction of Amides by the Photolysié of Bridgehead Halides in Alkyl
Nitriles

With the use of alkyl nitriles as solvents, good yields of the
corresponding alkyl amides were isolated. Here only the iodides were used;
irradiation of the bromides also produced amides but at a much slower rate.

The bridge and bridgehead iodides reacted cleanly to yield the

corresponding amides.



| 9
1 hi N HCR
' RCN

R:Me;nPr

R0-90 %
1 \
! » 'O
T HCR

1,3-Diiodoadamantane reacted to yield the iodoamide which on further

irradiation yielded the diamide with no trace of the monoamide.

NH CH3 '
CH3CN
‘ NHCCH3 HCCH3

The reaction of the norbornyl iodides produced a similar pattern,

except that only the monoamide could be isolated.

% N % e
| éf " {%NH@R | HgR
j .i—
I H I _

In all cases it was found that the reaction was very slow and incomplete

if extremely dry solvents were used. The best results were obtained by
adding 2 - 3 drops of water to the solution of the iodide in the alkyl

nitriles.

C) * Photolysis of Bridgehead Halides in Amine Solvents

The irradiation of l-iodoadamantane in alcohols resulted in the

formation of l-alkoxyadamantanes. When the same reaction was repeated in
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diethylamine solution, none of the product corresponding to reaction at
nitrogen was observed. Instead, the reduction product adamantane
predominated with a small amount of coubling to the carbon atom o< to the

nitrogen atom.

ho + cH

HN ' 73
NEt, H H.
N2 NHE%

80% .

When the reaction was repeated in the presence of O2 the only compound
isolated was l-adamantanol i;e. the reduction pathway was being diverted
by oxygen. Use of triethylaminelor pyrrolidine as solvents led to the
formation of adamantane in greater than 907 yield:

The addition of 3,5-di-t-butyl-4-hydroxytoluene (a free radical
inhibitor) to the reaction in diéthylamine and triethylamine slowed the

reactions down and led to exclusive formation of adamantane,

Time of Reaction

no inhibitor = 2 hours

= Et 15 minutes
added inhibitor R=H 9 hours

= Et 6 hours

However, irradiation in morpholine resulted in a 1:1 mixture of

adamantane and the corresponding adamantylamine.

@“}@ T @@
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D) 'Photolysis of Bridgehead Halides in Halogenated Solvents

The photochemistry of the four bridgehead monohaloadamantanes was
examined in carbon tetrachloride and bromotrichloromethane. Irradiation in

CCl4 led to the formation of 4 main products plus substantial amounts of

hexachloroethane, ]
] i
_Jl____;7 ﬁ' +
C
Cla X X X
48 hr .
2 2 1
Ci X-‘-E’ Cl,Br
I \ +
]
3
T hr | Cl

The structures were assigned on the basis of nmr analysis and in the
case of the syn and anti~l,4-dichlorides by comparison to authentic sample334.

A more detailed description will be made in the DISCUSSION Ssection.

In contrast, irradiation using BrCCl3 as a solvent led to exclusive
bromination of the bridgehead positions (longer reaction times eventually

resulted in the formation of some secondary products).

S =
a——a e

Also there was no evidence for any hexachloroethane formation.

BrCCl3

X=EC| Bp
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" 'DISCUSSION

A)  Halogen Exchange:

Since they are readily available; the brominated adamantanes were used
as starting materials in the Lewis acid catalyzed exchanges of the other
halogens. Reaction of adamantane and l;3—dimethyladamantane in refluxing
‘bromine for three hours15 produced a near quantitative yield of the
corresponaing bridgehead monobromides. Due to the preferential formation of

the bridgehead carbenium ion, no trace of any secondary isomers was observed.

X X
&= & =&

95%
X = CH, 91%
The introduction of two or more bromine atoms required the presence
of a Lewis acid catalyst73; Many different research groups have used
various mixtures of co—éatalysts to effect this substitution, but often with
irreproduceable resultszz. It has been found that addition of very small

amounts of "active" aluminum bromide74 under carefully controlled conditions

gave good yields of the higher brominated adamantanes.

t =2 hr t = 24 hr 7 = 7 days
The reaction most likely proceeds yia the formation of the complex

Br AleE). The positive bromine abstracts a hydride ion from adamantane to
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form the bridgehead carbenium ion which abstracts Br from the solvent to
yield another bromine cation., Olah has found75 that the l~adamantyl cation
is stabilized by interaction of the cation carbon with the back lobes of the
other three bridgehead carbon atoms. Replacemené by Br for H at these
centers would decrease the size of the back lobes and lessen this
stabilization effect. Thus further addition of bromine should be slower
due to the decreased stability of the intermediate bridgehead carbenium ion.
Consistent with this inductive effect is the experimental observation that
the reaction to form the tetrabromide is very slow; requiring seven days in
a sealed tube at 170°. Although the yield of l,3;5,7~tétrabromoadamantane
is low as a result of disproportionation reactions which lead to the
formation of thick tars; the four l—bromo; 1;3—di, 1;3,5—tri, and 1,3,5,7-
tetrabroﬁoadamantanes were readily available apd were used as the starting
points for the halogen exchange studies.

"The initial work was concerned with a mild method for the isolation of
bridgehead iodides, for use in ekchange and photolytic studies. Pincock and
co—workers52 had found that in halogenated solvents low yields of the iodides
were obtained, side reactions leading to reduction and to polymerization
predominated. This was probably due to the large excess (relative to
substrate) of aluminum iodide preseﬂt in the reaction mixture. .Since it was
desired that the exact amount of catalyst present be known, a nonhalogenated
solvent, carbon disulfide, was chosen for further study. In this solvent the
preparation of a solution of extremely active aluminum iodide was
relatively facile.

Aluminum foil was torn into small pieces (with freshly washed and

dried fingers) to expose fresh metal and placed with elemental iodine in a
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round bottomed flaék. Theflaﬂcwas then heated at 80° for a few minu;es.t&_
vapourize a few of the jodine crystals. At this point it was noted that
dark specks were forming on the aluminum foil; The carbon disulfide was
added and the purple solution was stirred under reflux fof 45 minutes. At
the end of this time the purple colour had been replaced by a light pink'
and most of the aluminum foil had been consumed. The solution of the
active catalyst was then céoled down to room temperature and fhe brominated
adamantane added. |

It was soon found that an exéess of aluminum foil was essential to
the feaction. Excess iodine led to polymerization aé the predominant
patﬁway with low yields of the desired iodides. Initial sttdies with a
4:1 ratio of iodine to l-bromoadamantane with an excess of aluminum foil
led to rapid iodine exchange but upon standing at room temperature side
reactions also occurred. After aAgreat deal of time was spent testing
reaction times and substrate ratios it was found that the best results
were thained.'utilizing an aiuminum foil to iodine to l-adamantyl bromide
ﬁolar,ratio bf 4:0;75:1.0; The exchange was complete after 1 minute at
room temperature and very little decomposition occurred upon standing at room
temperature. It was later discovered that even better yields could be
realized by running the reaction at —500; Here again the exchange was
cdmplete after 1 minute.

Thus it was found that this procedure produced a very active and mild
iodine exchanging‘catalyst. - For example; tetrabromoadamantane could be
completeiy convérted to the tetraiodide in 1 minute at room temperature,
unlike the reaction using a halogenated solvent which required more forcing

52

> .
conditions™. This in situ generation of aluminum iodide was used to prepare
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all the possible adamantyl aﬁd 1,3~diﬁethyladamantyl'bridgehead iodides.

-The method was extended to the exchange of other halogen atoms. As a’
result of these reactions, as described below; the 16 différent mono, di,’
tri and tetrahaloadamantanes were made available.- A study of the halogen
effects on the 136 spectré of Lhese molecules was made; the resuits of
which will appear 1éter on in this section.

Bromine exchange was not required as a result of the ease of syﬁfhesis
‘of the brominated adamantanes. Howéver, it was foﬁnd that substitution of

liquid bromine for elemental iodine in the above in situ generation of AlI3

led té_a solution of very active aluminum bromide: .A halogen exchaﬁge
reaction could then be performed to produce high yields of bromides from
other halides. Preparation of the bromide catalyst was slightl& different
from tﬁat of the iodide. The 51uminum foil and bromine were mixed with 2
ml of C82 and allowed to stand until thé foil began blackening.. (With‘no
solvent‘present the exothermic reaction resulted in the evolution of large
amounts of Brz). The rest of the solvent was added and the dark browﬁ
solution stirred under reflux for 1 hour which résulted in a 1ightiorange>
'solution. This was cooled to room temperature and the bridgehead halide
added as before.

Chlorine exchange vas investigated by extending the reaction to the in
‘situ genefation of active aluminum chloride. Bubbling chlorine gas through
a mixtufe of.alumiﬁum foil and CS2 at 0° led to a vellow solution. To this
was added a small crystal of I2 in order to.initiate an exothermic reaction
which consumed most of the aluminum foil. Upon cooling to Oo, 1,3-dibromo-
adamantane was édded and the reaction wo;ked up after 2 minutes. 'Anélysis-

of the solution by glciindicated that the desired exchange had occurred but
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upon’ evaporation a large amount of a dark yellow solid waélisolated.; :

To éstablish what was téking place'thé»reaétion was repeaﬁed ib the -
absence of the adamantyl dibromide. Again a yellow solid was obtained,
which upon glc analysis at long retention times proved to be idéntiéal to
elemental sulfur. .

In order to-eliminate thié produc?ion of sulfur; ;he solvent sYstem
was changed from CS2 to CCla. The reaction was ?epeated undgr the séme_
conditions with Cl2 gas. A dark black solution was obtained to which the
adamantyl dibromide was added. Workup this time again resulted in ﬁhé
" isolatiof’ 5f a yellow solid. Repetition in the absence of the bromide
“again resulted in the same yellow solid which was shown to be identiéal to
hexachloroethane.

Therefore, after major side reactions which successively oxidized the

CS2 and radically coupled the CCla, it was decided to fall back upon the

solvent used earlierS% i.e. chloroform. The use of C12 with aluminum foil
in CHCl3 generated a very active catalyst which produced chlorides in highv
yields ét foom temperature at a faster rate than observed for the AlCl3
generated previously by Pincock and co—workerss§ For example,; the coﬁversion
of 1,3,5,7-tetrabromoadamantane to thé tetrachloride was complete in 15
minutes at room temperature while the previous ﬁethoa required 20 hours.

" For fluorine exchange AgF was used as reported earlierso. However,
much better yields could 5e isolated by drying the silver. fluoride under
vacuum at 140° for 5 hours before use. This eliminated the formation of
alcohols and resulted in 70 ~.857 yields of the corresponding fluorides.

s Therefore, complete interchange of ény halogen at the bridgehead

positions of any mono, di, tril or tetrahaloadamantane could be effected. Since
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the formation of iodides was to be used for the production of starting
materials for photochemical studies; the iodine exchange reaction was
studied further,

It was found that even the relatively inert C-F bond would react with

this catalyst system to yield the corresponding iodide.

F

Al T, N\
2 ]

Cs |
o2 850/,
o 59/,

Next of interest was to determine if primary and secondary cyclic and
acyclic halides could also be exchanged to the corresponding iodides without
the elimination to olefins; rearrangement and/or polymerization wﬁich may
proceed with these systems. Miller44 has recently found a method of
converting tertiary and benzylic chlorides to the corresponding iodides
using Nal in carbon disulfide at room temperature with a trace of FeCl3 as
catalyst. The reaction proceeds in high yields but is quite slow ( 10 -

72 hours)., The heterogeneous reaction was thought to occur via a closely
held complex or ion pair. -

RC1 + FeCl, + I —) Rti"01‘,~;Fec13 —— RI + FeCly + Cl~
-

The reaction still proceeded using mercuric chloride in place of ferric
chloride bgt failed completely if a soluble iodide (nBuANI) was used. The
use of AlCl3 in place of FeCl3 gave no exchange at all., Interestingly, the °
reéction failed completely for primary or secondary chlorides which easily
react via the Finkelstein reaction39.

RCH,C1 -+ NaI’H-;) RCH,I + NaCl
The use of aluminum iodide generated‘ig:éiﬁg was found to readily

exchange primary and secondary halides. However, in most cases the observed
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yields were lower than for the tertiary halides,

%ﬁ P %
r A T
| | CS, | o
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Aﬂalyéis of the product from the reaction of I—chlorobuténe by nmr
showed no trace of any rearrangement products. The exchange on 2-bromooctane
praduced 2—ioaooctane again with no observéable rearrangement. The reaction
of optically active bromide was found to be temperature dependent. The |
exchange of (+)-2-bromooctane (obtained from ﬁorse Chemical Co.[&ﬂ D=
29.4° optical'pﬁrity = 66.5%76) was performed at 4 different temperatures

with the amount of optically active iodide increasing with decreasing

.temperature. _ ‘

' —;——il———i> ///\\\J/)A\\v//ﬁ\\y///
_///\\\,//“\\v//A\\Yg;j, ]j |
Temperature [}{]D Enantiomeric Excess
25° 0.0° 0
' 0° -2.2% | 5.1%
-53° -8.7° 20.%%
) o

-65 - -9.8 o 23:0%

# Even at low temperatures the major'product arose via racemization with
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ISZIdue to dnversion at —656.‘ Complete racemization may imply that a free
carbenium ion is present which may undergo attaék by I  from either side or
facemizaﬁion may arise from repeated exchange without the presence of a
carbeﬁium ion.

. A similar exchange on cis and trans Aﬁgfbutylcyclqhexyl chlbride also
yielded iodides, the ratio of which_were temperature dependent. Thé<same
ratio (determined by nmr integration) of iodides was formed frdm either

stereoisomeric chloride at various temperatures. This result suggested a

common intermediate, likely a tightly held ion pair.

H I

H
~C
: : /e
trans NV : .73 27
950 4
cis : 70 30
=350, - |
trans e 4 46 54
trans ;550 ; 38 62
______> .
cis : 35 65

The reactions with>the t-butyl cyclohexyl chlorides were worked up
after 1 minute (analysis of the‘reaction at -55° over a period of 1 hour
indicated that the ratio of products did not change).

By using the above ratios at the various temperatures, the eﬁergetics

of the cis-trans mixtures could be determined. From K = equat 1T
axial I

AG® 298 = -0.55 kcal/mole
and from a plot of log K versus 1/T the following values could be determined.
AH = +2.34 kcal/mole

AS = +9.98 eu
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. o , '
The value of AG compares well with results found by other researchers

as shown bhelow:

X = CN AG® 339 77

it

-0.25 kcal/mole
' 78

]
il

OH AG® 298 = ~0.54 keal/mole

79

X

X

)]
i

CoEt  AG® 298

o -1.0 kcal/mole

Therefore, for the iodides and the other cis-trans isomers the
equatorial isomer is more stable at higher temperatures due to its greater
degree of freedom (AS overides the contribution by AH).

The above results from the optically active 2-octyl and cis and trans

4-t-butylcyclohexyl systems seemed to point to an ion-pair type intermediate
rather than a free carbenium ion. Rearrangement as well as olefinic
products éould be expected if a freé carbenium ion was involved.

This markéd resistance to rearrangement was also observed with the
exchange on the secondary position of.adamantane. The exchange of 2~bromo-
_adahantane,at 0° led to a 95% yvield of the corresponding secondary iodide.
Stirring the solution at room temperature fof 5> hours produced no change.
However, refluxing the solution gradually led to the formation of the
‘bridgehead isomer. A sﬁall amount of adamantane was observed as well as a

trace of the 1,3-diiocdide.

Br__Al .Ié Aﬁ> + +
©Sp H T
46° |
t =0 - ' - .99,
€£=5hr gzzgg:f 1 3 B
t = 22 hr : 1 5 1

An increase in the concentration of the solution led to an increase in



- 36 -

the rate of the rearrangement. This is in accord with similar apparent
1,2-shifts in thé adamantyl system;S

Direct intramolecular 1;2-Shifts are believed to be strongly inhibited
in these systems: For a facile exchange to occur a dihedral angle of 0°
between the vacant p orbital and the C-R bond (R = migrating group) would be
desired. 1In the adamantyl system the dihedral angle for the tertiary cation

is 60° while for the secondary cation it is 90°.

& & &

Therefore these 1,2-shifts are thought to be intermolecular.in nature.
This is supported by work on the Koch-Haaf reaction80 of 2-adamantanol. The
ratio of tertiary to secondary product was found to be concentration

dependent which is expected for an intermolecular process.

H__HcooH AN 02H
2504 COLH

volume of H,SO

2°%4 % /o

30 ml 0 100

52 ml .65 35

300 ml 86 14
1000 ml 99.5 0.5

A similar concentration dependence was observed for the interconversion

of 1- and 2-adamantanol in concentrated H230480.

For the apparent 1,2-methyl shifts an intramolecular mechanism has been
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found to exist81. Specifically labelled 2—140 adamantane was treated with
AlBr3 in C52 for 14 days at 25°, This led to '1.9% of carbon scrambling.,
However, treatment for 8 hours at 110° led to 78% scrambling as shown via the

following mechanism.

== g
@_ﬁj@ I

A similar mechanism was found for the 2 to 1—methyladamantane

N

interconversionsz. In this case, however, the presence of the methyl groups
enhanced the reactivity; the reaction was complete after 5 days at 25°,

The same type of rearrangement has been found for the biadamantaheB3
system as well. Stirring a solution of either 1,1' or 2,2'—biadamantane84

with AlBr3 in cyclohexane at 60° leads to the same mixture of three isomers

at equillbrium.

__LB:;3__> +22 +12°

S

This supports the calculated values of the strain energy for the 3
biadamantanesss.

" Table IT Strain Energy of Isomeric Biadamantanes

Strain Energy kcal/mole

1,1'-biadamantane 21.46
2,2'-biadamantane 19.70
1,2'-biadamantane 23.04

adamantane 6.87



- 48 =

Similar qomplgx mixtures have been obseryed from the Lewis acid
catalyzed bromination of 1;1—biadamantane86: However; thé products have
not been fully characterized.

In spite of the possibility of this rea;rangement; the reaction of
ig_éiﬁg generated AlCl3 or AlI3 with 3;3'—dibromo—lll'—biadamantane produces

the corresponding chloride and iodide with no rearrangement. The same is

true for the silver fluoride promoted exchange.

r x X=TF l 767
> X = cl 70%

Thus it was found that secondary and primary halides; as well as
bridgehead halidés; could be exchanged in high yields under very mild
conditions. Aromatic halides were found to be inert under the reaction
conditions. In systems prone to rearrangement or elimination (eg.
cyclohexyl,l-buty1; 2-octyl halides) the unrearranged products could easily
be isolated. |

Thé ease of the exchange was also found to parallel the expected
relative stability of the corresponding bridgehead carbenium ion. The
reaction of 1,4-dichlorobicyclo[é.2.%]heptane to the diiodide proceeded in
low yields (45%) and required 4 days in refluxing carbon disulfide (bp 46°).
The largelamoqnt of polymeric material was due to the ten fold excess of
aluminum iodide required to totally consume the starting material. A more
rapid reaction was observed by the use of refluxing cyclohexane (bp 800) as
solvent. Here the diiodide was isolated in 747 yield after 12 hours. The
iodine exchange on 1,4—dichlorobicyclo[é:Z:% octane was found to be inter-

mediate in rate between the norbornyl and adamantyl systems72 as shown below.



‘ Y
: AL_I?% t=30 sec
<3552

X=ClI

Y=T
X " Y .
ﬁ% 250 % =15 hr
X 7 ref 72
it \ )
% a8 ! % tradays
X Y

The ultimate test of this exchange method was on the very unreactive

triptycenyl system shown below:

Caa _ 87
NaOH 50 t =5 days NO REACTION  ref

Ar t = 10 hours NO REACTION refSoo
mineral oil

280°

The attempted iodine exchange én 9—chlorotriptycene89 failed in
refluxing cyclohexane, decalin and para-xylene (3 fold excess of A1I3, solution
étirred under reflux for 4 days). 1In all cases the 9-=chlorotriptycene was
recovered unchanged, the darkening of the solution in decalin and xylene was
found to be due to reactions of the solvent with the aluminum iodide. No
trace of the triptycenyl iodide or reduction to the parent hydrocarbon was
observed. This confirms the estimate that the bridgehead position of
triptycene would be at least 109 times less reactive than the bridgehead

positions of bicyclo[Z.Z.Z]octanezd.
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The major reason for this extreme inertness is due to the non-flexible
nature of the carbon skeleton: Theoretical workgo_has suggesfed that
bridgehead carbenium ions do not reach planaritj; instead an op=Zimum
geometry is achieved. This can be visualized by examining the bridgehead
carbenium ion of adamantane26. The angle at the bridgehead would prefer to
be 1200, (sp2 hybridization) however as flattening at this position occurs
the nonbridgehead angles decrease in size resulting in increased strain.

Figure I Relationship of Strain Energy
versus Angle Size in l-Adamantyl Cation

. E
PR resultant —
1095° B--- 120
1098 B 90’

For 6 to be 120° ¢ would have to decrease to 90o from 109.50; if no
flattening occurred é would be 109.5° as would ¢ . Therefore a certain amount
of bending could occur to make 9§ = 113° and b = 104° for an optimum
geometry of lowest strain energy. It is therefore clear that in systems
where the molecule is less flexible the carbenium ion will not be as stable
and less likely to form: The triptycene system may be considered by

examining the x-ray data.
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X =H 0 113.1° ref!

]
]

105.3° ¢
110.7° ref??

Cl to be between those for

107.5° ¢

Now if one assumes the values for X

X = Br 0

X=H aﬁd X = Br it is apparent that if flattening of the bridgehead occurs
to make é approach 120° then ¢ must also approach 90°. However, uﬁlike

the adamantane case, ¢ for the triptycenyl system would prefer to be 120°
(since it is at an sp2 hybridized carbon atom). Any flattening of the
bridgehead will increase the overall strain energy by decreasing the value
.of ¢ further away from its normal value of 120°. Therefore a consideration
of angle strain alone suggests that the 9-triptycenyl carbenium ion would
be very unstable and reluctant to form.

The bicyclo[?.Z.i]octyl system is not as strained and will permit a

bridgehead carbenium ion more readi1y93.

= 108.8°

@ -
|

= 110.1°

-
I

This unreactiveness of the 9-triptycenyl system now leads to a more
detailed e%amination of the mechanism by which this aluminum halide
promoted exchange takes place;

Miller's proposa-xlz’.4 of a loose complex of the Lewis acid and the
substrate (see page 42) appears reasonable except that for the aluminum
halide reactions there will be no free I  available as a result of the excess

aluminum foil present. Miller also found that AlX3 did not react in his
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system. However, if we consider initial front side attack by the aluminum

halide, a loose complex will result.
SoTI L x

R-X + A113"_‘£3@Liis RO 1Ay or RX-Allg
N slow

R-I + A112x'£@_;—d— RT ALK

This loose complex could exist in equilibrium with a tightly held ion
pair composed of the bridgehead carbenium ion plus the aluminum halide anion.
The coﬁcentration of this ion pair at any one time would probably be quite
small but once formed would rapidly abstract an iodide ion to produce the
bridgehead iodide (or other halide depending upon which Lewis acid was
being used). This tightly held ion pair would also explain why at room
temperature no rearrangement of the 2—£odoadamantane (secondary iodide) to
l-iodoadamantane (bridgehead iodide) occurs and why elimination to olefins
in pther systems is minimized. Higher temperatures are required for the
equilibration of products and for any intermolecular rearrangement of the
product, possibly through more fully formed carbenium ions.

The difference in rates of the.adamantyl;bicyclo[Q.Z.I]heptyl, bicyclo
[?.2.2]octy1 and triptycenyl systems (see page 49) also support the above
mechanistic analysis. A faster overall reaction would result from the
intermediary of a relatively stable carbenium ion pair. The relative rates
of the exchange are in the same order as the rates of the solvolysis of the
bridgehead bromides (see page 2 of INTRODUCTION).

However, a full carbenium ion intermediate is not likely because of
the lack of.rearrangement or elimination products as shown before. Also
informative are the results of extended reaction times on the 1,4~dihalo-~

bicyclo[ﬁ.Z.g]octane system. 1In this case rearrangement of the ring system

does occur to yield mixtures of bicyclo[?.Z.]Joctyl and bicyclo[é.Z.é]octyl



products as shown below .

Al B > _/_ < 7
CHBr3 ‘

<l ‘ 80’ t=24 hp
Al(‘l; \
| >/
CIF2CCCI2F

0 .
Cl 80
The above is contrary to the results found by Olah from the reaction
of 1-chlorobicyclo[?.2.2]octane in SbF5 - SOZCIF at -78°. Reaction occurred

instantly to form the bicyclo[?.B.@]—l—octyl cation,

A = S

The super acid results would tend to suggést that free carbenium ions
are not involved in the Lawis acid promoted halogen exchanges. The
extended reaction times were also used in an attempt to rearrange the
bicyclo[?.Z.i]heptyl to the bicyclo[}.l.i]heptyl system but without success.
The rearrangement of the bicyclooctyl and not the bicyclo heptyl are
indirectly supported by theoretical calculations on the parent hydrocarbons

by Schleyer and co-workersSS.
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‘Table IIT Strain Energy of Bicyclic Systems

Compound Strain Energy kcal/mole

12,95

12.06

12.49

16.98

35.85

2 O &=

In addition to the difference in carbenium ion stabilities, the effect
of Lewis acidity on the exchange reaction was also examined. One would
expect aluminum halides to be better reagents as a result of their greater

. . 164 . C e . . '
Lewis acid strength relative to ferric haiides. However in Miller's

study44 AlCl, was ineffective as compared to FeCl

3 A comparison of the two

3°

......

€S2 0 t=30 seq

K _
eClg Naly t=24 hr
Cs, 25



FeCl3 versus'ig'situ-generated'A1Cl3 to promote exchange of bromine for
chlorine. It was found that FeCl3 was effective but that both a large

excess of the Lewis acid and longer reaction times were required.

ALClo S
2 (+] 7 4
CHCI3 O t=15min
) ]

IECL\ N
ST 7
CS, 46

Refluxing conditions were required to achieve complete exchange with

t=6hr

FeC13. One advantage, however, is that room temperature reactions allowed

the isolation of mixed halide species.

N\Br ' ! .
52?3? @ !

Therefore it appeared that the strengths of the respective Lewis
acids also affegted the rate of the reaction, the weaker FeCl3 requiring a
longer time to achieve complete exchange.

With either FeX3 or AlX3 the same general mechanism should apply for
the exchange of the bridgehead halides: In the case of the bridge

substituted isomers one might consider backside attack a likely possibility.



However, the reaction at the secondary carbon of adamantanc by nucleophilic
backside attack has been found to be relatively unimportant due to
significant nonhbonded interactions with the axial hydrogen atoms as shown

below:

Whiting has found95 that S,?2 type reactions do mot occur and the

following tosylates solvolyze with excess retention over inversion. -

HO |
TsOs - Ts | OH
_H_E_O_>

- +
H

y 3 H

, . 3

H3 H3 1.0 | 3.17 :

N 9.0 1.0

/

_Elegant studies by Schley?,rg6 and. co~workers have further indicated
that solvolysis of 2-substituted adamantanes does not involve nucleophilic
attack. Adaméntanes'substituted in the 2‘position solvolyze in much the same
fashion as the bridgehead isomers and completely differently from usual
secondary compounds. The most convincing evidence on this point has been

presented in a study of solvolysis in the presence of azide ion. When the

3

the distribution of products a bimolecular (S,2) type reaction may be

addition of N, causes a rate enhancement and a corresponding alteration in
7
suspectedg_.
Schleyer and co-workers have investigated the effect of azide ion on

the solvolysis of 3 alkyl derivative'398 in 807 aqueous ethanol.

[



Table IV  Effect of Added Azide on the Rate of Solvolysis

% Yields
Substrate NaN3 k x 10° sec RN, ROH ROEt
l-adamantyl 0.00 - 12,6 0.0 49 51
bromide 0.02 ‘ 13.0 0.4 41 58
0. Q1N 0.04 13.2 0.4 45 54
75 0.06 14,2 0.6 43 56
2-adamantyl 0.00 1.94 0.0 71 29
tosylate 0.02 2.10 0.1 68 31
0.01M 0.04 2.17 0.4 66 33 .
75° 0.06 2.26 0.7 65 34 .
2-propyl 0.00 5.75 o 100
tosylate 0.02 - 8.27 31 ' 69
0.01M 0.04 12.5 54 46

50° - 0.06 16.9 - 65 35

Thus the 1 and 2-adamantyl coméounds solvolyze in thé same.way with aﬁd
withou; azide ion. Very little adamantyl azide is formed and only a small
increase in the rate of reaction is observed. The "normal' secondary
derivative reacts completelyﬁiifférently which one would expect for an Sy2
type solvolysis. Therefore, tue halogen exchange reaction should also
proceed via the same pathway for bbth bridgehead and bridge halogens of the
a&amantane'ring struétufe.

As a result of the steric inhibition of backside attack at the
secondary positions of adamantane it was anticipated that various secondgry
and mixed tertiary and secondary adamantyl halides could be selectively
ekchanged. The 1,2-adamantyl dichloride was cleanly converted to the dibromide

and diiodide with no trace of any of the other isomers.

Al XA N\ X
z 7. ><:£3F 7%/,
(:SZ : ,
e X X=I 82¢,




- 58 =

The same reaction was repeated for the gem dichloride. In this case
rearrangement was the major pathway. At low temperatures the reaction could

be quenched to yield two dibromides easily separated by glc.

A . HyBr
I Br
G a s o rsm
S
-550 | Br 10
20

70

The minor component was found to'be the unrearranéed gem dibromide, the
major being the §yg-l;4—dibromide (a small amoﬁnt of the corresponding
anti isomer was also present);. The syn dibromide was collected by glc and
assigned on the basis of melting point and nmr chemical shiftsgg;

When the reaction was repeated under iodine exchange conditions at low
temperatures two products were again observed by glc. However; the gem

diiodide could not be isolated. Upon preparative tlc or column chromatography

only adamantanone plus a small amount of 2-iodoadamantane was obtained.

H

..'L

The major product from the reaction was identified as s ~1,4~-diiodo~
adamantane on the basis of its similar nmr to the §13—l;4—dichloride and
syn~1,4~dibromide (see nmr DISCUSSION section):

In this case there was no trace of any of the gg;i-l;é isomer by glc

or nmr analysis. When the reaction was repeated at room temperature a 70%



yield of the gyn-l,4-difodide was realized.

The corresponding chlorine exchange on the gem dibromide wav also
cxamined. In this case an 87% yield of the l,é—dichlorides was observed.
The product consisted of 81% syn and 197 anti by nmr: Intqrcstingly wvhen

this mixture was treated .under jodine exchanging conditions a 74% yield of

syn-1l,4-difiodoadamantane was'observed with no trace of the anti isomer by

nmr or glec analysis. » Cy ’
Jl CL\ \7
CHCI3 | !
19

g

_ i

This preferential formaticn of the syn-1,4 isomer has also been found

by Geluk who treated a mixture of the 1,4 diols with SOClleO.

H : ClxH H i

T 3

This is in spite of the fact that one would expect that the anti isomer
(diequatorial).would be the more stable and therefore the major product.
McKerveyE}.4 has also found that the gem dichloride will rearrange in thé
presence of A1013 to yield the syn isomer as the major product;

L]
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Ct HNACI
!
Cl_AlCly +
CH3NO3 | :
1 4
However, Yang99 has found that the gyn isomer will slowly rearrange to

the anti isomer in the presence of AlCl in CS

AlClﬁ > 38 %%
COﬂVersion

Therefore even though the syn isomer appears to be the less stable it
is the major product.in all the above halogen exchange reactions.

As can be seen from the above discussion the aluminum halide promoted
halogen exchange is a general reaction for primary; secondary and tertiary
halides. Even very unreactive small ring bridgehead halides will react by
use of a higher boiling solvent. Thé procedure is very miid and proceeds in

high yields. Aromatic halides are inert to the reaction conditions.

B) Photochemlstry'of Brldgehead Halldes

The ultraviolet spectralo1 of a series of alkyl halides indicate that
bromides absorb at around 200 - 220 nm aﬁd iodides at 240 - 260 nm with molar
extinction coefficients from 2 - 7 x 102; This absorption is due to the
n:;f} o * transition of the halogen atom. Chlorides were found to absorb
below 200 nm: Introduction of a second haloéen on the same atom was found
to move X mai to longer wavelengths and increase € by a factor of 2 - 3;

For studies of the synthetic possibilities of photochemical substitutions

of halogenated adamantanes it was desireable to obtain the uv spectra of a
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series of adamantyl halides.

Table V  Ultraviolet Spectra of Adamantyl Halides

' 'Comgounci M0t " Solvent A max om | _e__lg3
1-AdT 2.48 CH,0H 263 1.29
2-AdT 3.34 CH ;08 257 1.11
1,3-AdT, 1.69 CH ,0H 267 2.25
1,3-AdI, 4.38 o, CL, 266 2.47
1,2-AdT, 3.72 CH,CL, 267 1.45
syn 1,4-AdI, 1.59 CH ,0H 260 1.89
syn 1,4—AdI2 2.70 CH2012 260 1.93
1-cl, 3-TAd 2.16 CH ,0H 265 1.11
Me, AdT 3.38 CH ,0H 264 1.18
Me,AdT, 1.41 CH,O0H 266 - 2.62
1-Ad-Ad-I 1.15 CH ,0H 264 2.78
AdT, 1.30 CH ,0H 271 3.39
AdI, 2.88 CH,CL, 272 3.58
AdT, 2.28 CH,CL, 280 4.82
2,2-AdBr, 7.28 CH ,OH 240 1.02
AdBr, 0.37 CH ,CN 208 4.60
éﬁ;zfﬁf 3.46 CH ,OH 259 1.71

< , |

From the above table it may be seen that the € values are 5 - 10
times as large‘for an ordinary alkyl halide. Introduction of additional
iodine atoms moves the A max to longer wavelengths with an increase in the
extinction coefficient. Adamantyl bromides absorb at very low wavelengths,
the tetrabromide at 208 nm.
1) Photolysis of Adamantyl Halides in Alcohol Solvents

The initial study of the photochemical reaction of halides using
alcohnls as solvents indicated the absorption of light energy resulted
in a very rapid reaction compared with simple solvolysis. A comparison

of the thermal and photochemical results is shown below.
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CHaOH

T CH3
Method Time Conversion
hu = 35° 2% hours 100%
thermal (reflux) 6 hours '352
thermal. (reflux) 24 hours 907
thermal 25o 3 weeks . 30%

The same reaction for l-bromoadamantane was 1007 complete after 8
hours photochemically and only 60%Z complete after refluxing'in methanol for
24 hours.

Initial excitation of the C-X bond would lead to promotion of an n
electron to the o* antibonding orbital of the halogen atom; This excited

halide could then undergo homolytic cleavage to a radical pair or heterolytic

cleavage to an ion pair as shown below:
_ *
/r Ve

ho >

Hydrogen abstraction by the bridgehead radical would yield adamantane

while nucleophilic attack by the alcohol solvent on the bridgehead
carbenium ion would yield the adamantyl ether. This duality of reaction

pathways is exemplified below:



- 63 -

o) T
CH-OH ‘
. 3 CHy
X = Br 21 79 t = 8 hours
X=1 4 96 t = 2% hours

The irradiation of the bromide gave a larger'amount of the product
derived from hydrogen atom transfer from the solvent (presumably a free
radical pathway); The iodide gave excellent yields of the nucleophilic
type product (carbenium ion pathway) The irradiation of l-iodoadamantane
in alcohols proved to be a rapid general method of producing high yields
of the corresponding alkoxyadamantane; (In all cases&£.5% of adamantane

was observed)

_hlﬂﬁ R = Me, Et, NPr, iPr, nBu, iBu
T ROH . CHZCHZOH ~CH,,CH,,0CH,,

The only alcohol tried which did not yield the desired ether was

"t - butanol. In that case the only product isolated was l-adamantanol.

&, - &

Other reportslo2 have stated the difficulty in preparing t-butoxy-

adamantane, presumably due to the facile loss of the t-butyl cation leading

to l-adamantanol.
The irradiation of 2-iodoadamantane in methanol also produced the

corresponding secondary methyl ether with no trace of the rearranged
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bridgehead ion. Thus the bridge carbenium ion was not sufficiently long-

lived to undergo rearrangement to the tertiary cation.

S
%E%ésy/ H3OH éi%é;;ﬂo CH3

96°/o 0%

The 1,3-adamantyl dihalides also underwent reaction in alcohols as

shown below:

\ _
/
\
16hr
: ' [ I
\
45hr / T
1 .

>

As with the monohalides the diiodide reacted almost exclusively via a

carbenium ion type pathway and the dibromide via the free radical pathway as
well as the cationic one. The dichloride yielded only a reduction product
with no trace of any nucleophilic type produc;s at alll As the strength of
the carbon-halogen bond increases; the amount of reduction products increases
as welll

Pinhey68 has bbserved the reverse trend in a study of the irradiation

of meta halogen substituted phenols in alcoholic solution. The results



are shown in the following scheme, H

. H 3
H : x
 hu . Vi
: , .)(
‘ O ROH X
Sk |
| H H H
_\
s t1 o |
R H
R = iPr X=0c 62 19 E
= PBr 9 73
=T 0 82

He attributed the change to the fact that before nucleophilic attack
by ROH could occur, the excitéd state would have to develop appreciable
charge separation. If the carbon halogen bond energy is high then this .
charged péthway caﬁ compete favourable with homolytic cleavage.A However,
with the weaker carbon—iodiné bond, homolytic cleavage leading to the
free-radicals would predominate yieiding reduction products.

With the adamantyl halides the rate of the reaction to form the ion
pair or carbenium ion appears to be faster than the homolytic cleavage.
Therefore, with the Qeak carbon-iodine bond the majority of the reaction
is via heterolytic cleavage.

The isolation of l—méthoxyadamantane from the irradiation of 1,3-dibromo—

. adamantane- at first suggested the possible intermediacy of dehydroadamantane

which was then attacked by a molecule of solvent.

_CHOH

i X
X X X=H,CHy X

]
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However, monitoring the reaction by glc indicated than no
103 . . .
dehydroadamantane was present . Instead a stepwise reaction was occurring,
substantiated by the isolation of two brominated intermediates which

disappeared upon further irradiation.

AOCH3

ot [/
x‘ql'lx
X=HCH

Workup of the reaction before COmpletion'aligwed the isolation of

these two intermediates by column chromatography and preparative glc.
" The same two competing reaction pathways were observed for the

irradiation of 1,3,5-trihaloadamantanes.

X Hy CH- CHs
—he—5 T [+

24 hours X

Tt Br 19 50 22

]
]

t

6 hours X=1 C - - 96
The 1,3;5,7—tetrahalides were not examined because of their extremely low
solubility in alcohols;

The cpmpetition between carbenium idn and free radical pathways was
also suppéfted by 02 studies; Irradiation in the presence of O2 (a good
radical trapping agent) lea to the production of bridgehead alcohols in

place of producté previously formed by hydrogen atom transfer from the solvent.
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Y
> +
C
H3OH - CH
. h42

Y=H, X=1I 4 96
Y=H,x=ﬁr 21 79
Y = CH,, X = Br 23 77
Y Y Y
| y +
X Oz H CHg
Y=H>,.X=_I 6 94
Y_=H.,.X=Br. 31 69
Y = CH3',' X = Br 34 66

The cationic pathwvay was relatively unaffected bsr the 02',. only the
free radical pathway could be trapped. The intermediate hydroperoxide
(X = O0H) would be reduged to the corresponding alcohoi upon workup. Kropp71
has also observed this trapping by 02 in the gtudy of the l-halo-bicyclo
EZ.Z.]:]heptyl system. However; in this cése more of the cationic pathway

was affected by the presence of O

. 2. -
1" (:F{
E& ? ' 3
N5 : |
X = Br | 55 30
X =1 15 72
y H H CH4

X = Br 30 40 19
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The isolation of the reduction product in the presence of O2 was
suggested to occur via nucleophilic attack by solvent on the excited state

to form the bridgehead carbanion which led to the reduction product.

CH4

BI" hv \
/

..*—
CH30D

This pathway was found to yield norbornane with 18% D incorporated at
the bridgehead. Thus the carbanion was a mincr path in the production of
the hydrocarbon.

The same irradiation using CHBOD as solvent was performed using
l-bromoadamantane. Isolation of the adamantane produced and study by mass
spectrometry indicated that only a 3% incorporation of D had taken place.
This result suggests thét with l-bromoadamantane only a very small amount
of the bridgehead carbanion pathway is involved: This reluctance of
forming the bridgehead carbanion of adamantane has been found by other
workers as wellloé;

Two cases were discovered where the contribution of the free radical
pathway was enhanced. Irradiation of either 1-iodo or l-bromoadamantane

in methanol with added NaCN led to an increase in the amount of adamantane

formed. This was probably due to increased electron transfer by CN .

ht CN~ \ +
CH-OH
3 H Hs
X = Br 41 59
X=1 15 85
— X = Br 21 ' 79

gl
L
»

96
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The irradiation of l-bromo-3-chloroadamantane also yielded a relatively

large amount of free radical product.

| , Cl |
hvu \
4 +
CH<xOH
X 30 H CH3
X = Br 42 - 58
X =1 -« 99

Irradiation of the iodo-chloride produced the chloroether with no
trace of 1-chloroadamantane:

Since little or no radical derived products (reduction to adamantane)
are found in the photolysis of mono; di and triiodides; the reactions occur
almost exclusively via the carbenium ion pathway: The norbornyl system
studied by Kropp71 cannot support a positive charge at the bridgeheads as
readily as the adamantyl systemzc; so that more free radical nature is
expected and found here for the iodides. To further support this fact the

irradiation of the 1,4-diiodide was studied.

; | o |
%SjI L 3, CH3+ CH5
I 19 I

43 3 38

Further irradiation yielded the two ethers with the diether as the
major product. The same reaction was studied in CH30D which resulted in a
17% incorporation of deuterium at the bridgehead of the monoether. Thus
with two iodines there is still a significant contribution by the carbanion
pathway; In the norbornyl system the maior path is still cationic but with

more free radical contribution than with the adamantyl system.

Later studies indicated that the l-bromoadamantane reaction could be



- 70 -

quenched by the use of a Pyrex filter; however, l-iodoadamantane continued

to react. The reason for this may be seen from the following graph and the

fact that Pyrex stops any light with a wavelength shorter than 275 nm.

'Flgure II  Ultraviolet Spectra of Bridgehead Adamantyl Iodides

. UV of Bridgehesd todides
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The A max for the adamantyl bromides is at very short wavelengths, the

value for 1,3,5,7-tetrabromoadamantane is 208 nm. Thus in using a Pyrex

filter no excitation of the C-Br bond may occur, However, the iodides

absorb above 275 nm so that they continue to react through Pyrex.
Since the photochemistry of halides is divided into two paths (ionic

and free radical) at some early stage of reaction, a discussion of the

various pathways of photoexcitation seems in order. The photochemical

promotion of electrons is schematically represented in the following diagramlos.

"~ Figure ITII Jablonski Diagram for Excited States
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Initially one has a solution of a compound in its ground state which
is being irradiated’b& ultraviolet radiation; ‘Absorption of a photon
results in the excitation of an electron yia a s&mmetrf-allowed”Fransition
to the first singlet'excited'state S): This ﬁéy be due to a'ﬁ;ﬁinﬁ,

ﬁ‘—a m%, or ﬁl—é 0% depending upon the type of chromophore in the molecule.
Once in S, the excited state may follow three possible paths. Path b
represents fluoresceﬁce i.,e. a return to the ground state with the release
of energy in the form of ultraviolet radiation. Path ¢ is a radiationless
deactivation to the ground state;'the energy appearing in the form of heat.
The third possibility is known as intersystem crossing (path d) to the

upper vibrational levels of the first triplet excited state. Collisions
with the surroundings reduce the state to its lowest vibrational level

(path f).  The T, state also has a radiative deactivation to the ground
state (phosphorescence) (path h) and a nonradiative pathway (path g).

The T, state is lower in energy than S;.. Since the electron in T, and
thé ground staté have parallel spins they may not occupy the same space at
the same time (Pauli principle) and therefore electron-electron repulsion
is reduced relative to the §; state: Direct excitation té T,. is symmetry
forbidden so that once formed it is rather long lived compared to S, which
has an allowed deactivation pathway (fluorescence path b). The radiationless
pathways ¢ and g are normally quite slow compared to the other possible
paths. The relative population of the T, state depgnds upon the rate of
intersystem crossing (path d). Spin-orbital coupling is required to "mix"
the S; and T, states to some extent for crossing to occur: This coupling
is greatest when one of the electrons involved in the transition is in an.

orbital.close to a heavy atom such as N, O or hélogen. This enhancement of
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the coupling may be both intermolecular and intramolecular in nature as

shown by the‘two'graphs'belowlq6;

‘Figure IV' Ultraviolet Spectra of Anthracene = Figure V Effect of Ethyl
: and 9,10-Dibromoanthracene Iodide on the U.V. Spectrum
of 1-Chloronaphthalene

20°, CS; solvent

Br 0.012 }-

0.04} 0

| 3
ot QO '
‘ T
0.02} 0.006 |-
0-0 band Pure liquid

0.01} -
o g 1 1 ]

12,000 14,000 16,000 18,000 ™

?{cm™f) =t 0.000L 1L L
19,000 22,000 25,000

P (cm™") st

An increaée in the size.of the heayy atom has three effects on S). and
T). First a greater population of T; would result due to a greater rate
of inter-system crossing. Secondly; a greater yield of phosphorescence
(path h) relative to fluorescence (path b) should be observed as a
consequence of the greater population of Tf; and finally the lifetime of T,
should decrease since the fluorescence would be more "allowed" as a fesult
of the greater spin-orbital coupling. The third result may be illustrated
by the following table of phosphorescence (T,.) lifetimes and the rate
constants for intersystem crossing from S; to T; (solvent is a mixture of

ethanol, isopentane and ether) for some halogenated naphthalenes.
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'Table VI Triplet Lifetimes and the Rate of Intersystem Crossing

K.S—iTlos lifetime107(sec)
X X=H 1 x 10v6_ 2.5
¥ 5 x 10° 1.4
c1 5 x 10’ 2.3 x 1071
Br 2 x 10°. 1.4 x 1072
I 3 x 100 2.3 x 1073

Therefore it may easily be seen that an iodine atom promotes very
efficient and rapid intersystem crossing with a bromine, chlorine and
fluorine atom progressivély less effective. The lifetimes of the T
states decrease as the size of the halogen increases. - However, the
lifetime of the S} state is exceedingly short (t = lO_6 to 1()—9 sec) so
that in most systems the T, state has the greatest probability of
undergoing chemical reactiom.
| With all the above discﬁssion in mind the photochemistry of the
bridgehead halogen compounds may be examined more closely. A possible
mechanism for the reaction would be as follows. The initial excitation
of an n electron on the halogen atom would lead to the S, state. Inter-
system crossing as a result of the heavy atom effect would lead to a T,
state, the population of which would be greatest for the iodides relative
to bromides and chlorides.

The intermediary of triplet states in the irradiation of 1l-iodo-
adamantane was demonstrated by quenching studies with 1;3—pentadiene.

A methanol solution of a 20:1 molar ratio mixture of 1;3—pentadiene and
l-iodoadamantane was irradiated through pyrex. The time required for
complete feaction was 11 hours. In the absence of.the 1,3-pentadiene the

reaction was complete after 2% hours.
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Normally when T; states'are produced they persist iong enough to
undergo phosphorescence or inter and/or intramolecular reaction; However,
in the presance of a molecule which has a triplet eneréy less than that of
the substrate T, then energy transfer'ma§ occﬁr to form the triplet state
of the quencher and return the substrate triplet to its ground state. The
choice of filters should be such that only the substrate absorbs energy.

Therefore in the reaction of l-iodoadamantane the 1;3—pentadiene quenches
the Ty state and slows the reaction of the adamantyl iodide down. The
reaction does not stop since the concentration of methanol is much greater
than that of the quencher so that eventually all of the adamantyl iodide
reacts with the solvent to form‘l—methoxyadamantane; 1,3-Pentadiene has
an E7-of 53 kcal/mole so that the ET-of 1;iodoadamantane must be above
this value,

Sensitizgtion is the reverse process of quenching. A molecuie
which absorbs energy with f;st intersystem crossing to form a T, state is
uéed to transfer energy to the T, state of the substrate. Here only the
sensitizer should absorb energy so that direct excitation-of the substrate
does not occur. The f, state of the sensitizer should also be of higher
energy than the Ti state of the substrate for efficient energy transfer to
take place.

Sensitization studies were performed on l-bromoadamantane in methanol
with a 5-6 to 1 ratio of semsitizer to adamantyl bromide. There was no
reaction after 24 hours irradiation through Pyrex with any of the

sensitizers used. The compounds and their E4 values are shown belowlog.
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- 'Table VIT Triplet Energies of Various Sensitizers

Sensitizer E1—kcal/mole
benzene 80
acetophenone 73.6
benzophenone 68.5
fluorene 67.6
phenanthrene 66.-6
anthracene 60.9
l-naphthaldehyde : 59.5°

Rather than adamantyl bromide, the adamantyl iodide would have been a
better model to study but unfortunately the molecule continued to react
through all filters tried so that sensitization studies were not possible.
Therefore it could not be conclusively established that triplet states
were responsible for the reactions of the adamantyl halides in alcoholic
solution but they were strongly suspected; Promotion of én n electron to
thegs * orbital would result in decreased stability of the carbon halogen
bond. At the wavelength of gbsorption there is more than enough energy

available for cleavage of the C-X bond as shown belowlog.

105 ' 'Table IX Average Carbon-Halogen

' Table VIII Energy Conversion Table
' Bond Strength

A (E5 - E1)

A° em ~ kcal/mole .. . eV Bond Bond Energy

2,000 50,000 143.0 6.20 g:gl 1-:;2 keal/mole
2,500 40,000  114.4  4.96 oo s

3,000 33,333 95.3  4.13 o2 o

3,500 28,571 81.7 3,54

Once in the long lived (relative to Sy) T, state bond cleavage could
occur to yield either an ion pair or radical'pair; The decreased reactivity
of the adamantyl chlorides and bromides may be explained by the slower
rates of intersystem crossing to the T, states and also the fact that the
A max for these compounds lie below 200 nm. The major portion of the energy

given off by the high pressure mercury lamp is above 240 nm so that a longer
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time would be required to populate the T; states of these bridgehead ha11des.
Another’ p0331b111ty ex1sts, however; which has not been ellmlnated
The free radical and carbenium ion products may arise from the two different
excited states} For l-iodoadamantane the réte of forﬁation of T, may be
so fast that only a small amount of free radical prodﬁct (derived from
reaction of S,) results, With l;bromOadamaﬁt;ne the slower rate of inter-
system crossing may allow for more radical products derived from S,; A
great deal more work remains to be done to determine the exact mechénism
by which these excited states undergo reaCtion:
As a result of the nearly exClusive formation of carbenium ion type
products from the irradiation of bridgehead iodides other solvents were

tried to determine 1f other nucleophilic type products could be isolated.

2) Irradiation of Bridgehead Halides in Alkyl Nitrile Solvents

A photochemical reactién of adamantyl bromides and iodides with nitriles
Qas discovered by accident during an attempt to photochemically synthesize
l—cy;noadamantane. Irradiation of a solution'of l-iodoadamantane and
sodium cyanide in DMSO yielded 88% adamantanol and 8% cyanoadamantane
(reaction in the absence of NaCN yielded l-adamantanol exclusively).
Therefore; CH3CN was tried as another solvent to dissélve both the iodide
and sodium cyanide. Irradiation through quartz for 24 hours yielded a
yellow solid which contained.a strong carbonyl in the infra-red. The
pufified compound was shown to be l-acetamidoadamantane. It was thought to

be formed via the following mechanism;

é/ 3 ’{é/ Q
I -c NCCH
CH3 h
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The initially formed bridgehead carbenium ion was attacked by a
solvent molecule to yield the nitrilium cation which was rapidly attacked
by water to form the'obserVéd amide: When carefull? dried CH3CN was
used; the reaétion was found to be'Ver& slow and inéomplete: The best
results were obtgined by the addition of 2 drops of water to the acetonitrile
solution of the iodide:’ The reaction of l;brémOadamantane was found to be

very slow relative to the iodide.’

The reaction was shown to be applicable to other nitriles and

proceeded in good yields.

I _hv 3 ,gR . Me 95%

RCN H
R = pPr 807
___’_’___§ R = Me 88%

Q@
NCR R = I_lPr 827

H

This mild reaction was in marked contrast to the strongly acidic

2]
]

conditions required for the Ritter reactlon .

= Me 90%
H2 SO4 pPr  82%
H

Good yields were also found by Miller for the aniodic reaction of

substituted adamantanes11 .

HSCH X
X Pt HO \ 3
4 Q
CH3CN | NHCCH,

X=H . 0% -
X=F T - 65%
X=20C - 917%
X = Br 897 -
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Vincent has also used the aniodic reaction to produce 2-substituted

112
X Y
T Ben,
CH5CN

amides .
807%
The above two methods are well known to proceed via intermediate

]

Me 857%

carbenium ions so that the photochemical amide formation probably involves
them as well;

Irradiation of 1;3—diiodoadamantane was found to lead to the formation _
of the diamide via the easily isolated iodo-amide intermediate. No trace

of the monoamide was observed.

' 1 NH?CH3
ho > N
CH3CN Q Q
T NECH, NECH

Interestingly the same reaction worked for exo-2-iodonorbornane to

produce the corresponding secondary amides.

hy ) O
%I RCN %NHCR R = Me, nPr

The irradiation of 1,4-diiodonorbornane led to the formation of two

products, !

Q
H(L-‘R_Jr NHCR

T~
NV
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Irradiation of the purified iodo-amide led to the formation of the
bridgehead mono amide with ﬁo évidénce for,any of the diamide product.
Unlike the adamantyl case the'norbornyl iodoamidz reacted exclusively via
a free radical type mechaniém to leéd to only the reduction product; |

3) TIrradiation of Bridgehead Halides i ine Solvyents

It was initially hoped that due to the téncency of adamantyl iodides
to undergo photochemicai cationic pathways that irradiation in various
amines would lead to adamantyiamines: However; irradiation in diethylamine
led to a rapid consumption of starting material with the formation of two

free radical derived products.

hv ' *
— + Jch

1 N5 “NEt
" \ '
/
02 | H

Repetition of the reaction with O2 bubbling through the solution led to
the formation éf l-adamantanol exclusiveiy; Thus only é free radical
pathway exists for the iodide in diethylamine; When the free radical trapping
agent 3,5-di-t-butyl-4-hydroxytoluene was added to the solutioﬁ the only
product isolated was adamantane; and the reaction required 9 hours to go to
completion;

A solution of adamantyl iodide in triethylamine yielded adamantane
(88%) plus the HI salt of the solvent after 15 minutes of irradiation. In
the presence of 3;S—diﬁéfbutyl—4—hydroxytoluene the reaction required 6

hours for completion. The same result was observed with pyrrolidine as
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solvent; the only pfoduct was adamantane:"This same reductive behaviour
has also been observed for the irradiation of haloéenated anthracenes with
alkyl aminesllB;

In morpholinel‘hoWeVer; a'l:1 ratio of free radical and carbenium ion

type product were observed.

=ty 8y
1hr : ' o
1 L_._/O
] ]

The bridgehead amine was identical to that produced by the solvolysis
of l-adamantyl iodide in reluxing morpholine for 60 hours:

Again; as with the reactions in alcohols; two explanations may be
used for the experimental results; The free radical reaction may result
from the S, state which is rapidly trapped\by a solvent molecule; On the
other hand; if the bridgehead adamantyl radical is formed from the T,
state, specific solvent interaction may favour its formation relative to
when ROH was the solvent and carbenium ion products predominatéd. The
speed of the reaction in Et3N suggests that trapping of the bridgehead
radical occurs almost immediately before any significant amount of
carbenium ion can be formed.

The excited state produced in morpholine may be more solvated fhan
in the other alkyl amines so that both the adamantyl cation and free
radical are formed. A comparison of the relative rates of reaction for the

following three reactions is very interesting:
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hv \/ +
CH-0O 2.5hr
39H CHy
:3 s
fo=326 4 %
" \ + 1hr
s~ 7/ /N
HNL_,_/O ) \__/O
P=7.3 ! 1
" \ ,
Et3N / 15min
=24 >90% |

As the solvent polarity increases (dielectic constant é/L); the time of
the reaction increases as well as the relative amount of carbenium ion type
products. This suggests that whatever the excited state is; that solvétion
effects appear to be important and that the competition between free radical
and carbenium ion pathways may be controlled by the choice of solvents.

4) Irradiation of Bridgehead Halides in Halogenated Solvents

In contrast to ionic reactions of adamantane; free radical substitution
occurs at both bridge and bridgehead positions: Photochemical chlorination
of adamantane53 with Cl2 in various solvents led to mixtures of 1 and 2-
chloroédamantane. However; a "fair degree" of polychlorination was found to
occur wﬁen:carbon tetrachloride was used as the solvent. The complex
mixture of products was not separated:

With this in mind comparative photochemical reactions of adamantane in

C%Elz, CHCl3 and CCl4 were performed (no Cl2 present)., After irradiation for

48 hours the CH2C12 solution showed no reaction, the CHCl3 solution consisted

of 68% adamantane, 307 l-chloroadamantane and 2% 2-chlorcadamantane. The
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CCl4 solution contained six chlorinated adamantanes plus large amounts of
hexachloroethane. Separation of these products proved difficult.

To minimize the separation problems, the photochemical chlorination of
a series of mono-substituted adamantanes in CCl4 was examined, . Irradiation
of l-chloroadamantane for 48 hours resulted in the complete consumption of
the starting material. Glc analysis showed the mixture to consist of
hexachloroethane plus 4 chlorinated adamantanes. Elution down a silica gel
column with 30-60 petroleum ether yielded the hexachloroethane. The
chlorinated adamantanes were washed from the column with CHCl3 and eluted
with petroleum ether down a long alumina column. The crude isomers were
purified by preparative glc. Comparison with authentic samples showed the
products to be 1,3-dichloroadamantane, anti-1,4-dichloroadamantane, gsyn-1,4-

dichloroadamantane, and 1,3,5-trichloroadamantane in order of elution from

the column.

ccu4

There was no evidence for any of the 1;2—dichloride isomer at all.
Selective abstraction of H® by various agents has.been found to be a
function of the size of the abstracting species, as shown in Figure VI.
The larger the agent the greater the amount of bridgehead radical formedss.

This is similar to the effects which inhibit SNZ type solvolysis reactions

of 2-adamantyl species (see page 56).



- 83 -

Figure VI Free Radical Halogenation of Adamantane

XY N ‘X
T FHY
. |
Y = Br, X = Br 2.5 1.0
Y=cl1, X =cl 1.9 1.0
Y = cCl,, X = Cl 24.3 1.0
Y = CCl,, X = Br 27.0 1.0

Therefore, with a large abstracting agent like -CC13 abstraction of an
He next to a C! atom will be sterically very unfavourable so that the

abstraction occurs at the 3 or 4 position instead.

HCClq

This mixture of bridgehead and bridge chlorides is in marked contrast

to the work of Billups58 in which only bridgehead chlorides were isolated.

ot

—MephHCL +

However; the strong acid solution may actually be forming bridgehead
carbenium ions. The above photochemical reaction should be an exclusive
free radical reaction.

The same photochemical chlorination was repeated with 1-fluoro and

l-bromoadamantane. The same four products were observed plus hexachloroethane.



Isolation of the products was yia column chromatography and prépafative
glc as before. The isomers eluted in the same order as for the case'Qhere
X = Cl and were assigned on the basis of their similar nmr'spectra;

In view of the above results the éame reactions were repeated uéing
bromotrichloromethane as the solvent. Irradiation of a solution of
adamanéane yielded only 1.and 2-bromoadamantane with no trace of any
chlorinated products. This is supported by work of Eichlerlla who found
that abstraction of Br« from ErCCl3 by the bridgehead adamantyl radicél‘
was 29 times faster than abstraction of Cle from C_Cl4 by the same radical. .

Quite udexpectédly; the irradiation of l~substituted adamantanes in,
BrCC13 led to the exclusive formation of bridgehead products. This

procedure proved to be a facile way of synthesizing mixed adamantyl"

halides as shown below.

r
e +
BFCC!3 ' X
X=F ClBr

Also of interest was that no hexachlorocthane was produced as shown by glc

(.4 . ! .
analysis. The steric effects for ~CC13 abstracting H+ from l-substituted
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adamantanes should be the same in CCl4 and BrCCl3 and yet mixed bridge and
bridgehead products are observed in CCl4 while only bridgehead products are
found in BrCClB. (At longer reaction times in BrCCl3 secondary products

started to form as well, as shown by glc.) Placing additional substituents

at the other bridgeheads leads to secondary products as well.

| AcHs
- x

The reasons for the difference in behaviour of CCl4 and BrCCl3 are not

clear. The absence of CZCl6 in the BrCCl3 suggests that very efficient H®

H3 AH3
_ho N .

)(Cx:la
X=BrCl

abstraction by 'CC13 may be taking place and therefore no coupling to form
C2C16 occurs. The exclusive bridgehead radical formation follows from the
bulkiness of Fhe trichloromethyl radical as seen before. In the case of
CCl4 solution the low selectivity could result from Cl* being the
abstracting agent. Because of its small size abstraction could lead to both
bridge and bridgehead radicals. Thé 'CC13 radicals would to a large extent
couple to form hexachloroethane.

Tﬁe irradiation of l-iodoadamantane in either CC1, or BrCCl, led to

4 3

substitution of the iodine by chlorine and bromine with traces of dihalides.

X

"

The same type of substitution for various substituted aromatic iodides

in CC14115 has been observed.
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v ot 'X=CH30H,
Ccly 28T ~ OCH3CO5H
R R )
. 60-95% ‘

Thus it may be ascertained from the above reactions that the irradiation
of bridgehead halogen comﬁounds leads to the production of both free
radical and carbenium ion type intermediates. The relative amount of each
depends upon the nature of fhe halogen atom as well as the type of solvent
being used for the reaction.

C. 'Discussion of Spectral Results

I) Mass Spectra:

This technique proved to be exceedingly valuable in the analysis of
various substituted adamantanes. Two papers have appeared in the literature;
the first a complete study of twenty l-substituted adamantanes116 and the
second a study of eight 2-substituted adamantanesll7.

Bridgeheéd mono substituted adamantanes were fouﬁd to fragment via two

pathways. For most alkyl groups and halogen atoms loss of X' was the

preferred fragmentation.

__:e____; ____%> +><.
X X ¥
X=halogen,R, NO,

However, for groups which could stabilize a “ve charge the major
fragment corresponded to loss of a C4H9 radical38 with formation of a

substituted phenyl cation.
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.
-CaHe AH X=OH,NH, OR

With the 2-substituted adamantanes the major fragment was due to loss

of HX or X'from the molecular ion39.

¥ X

The same pattern was observed for the amide photoproducts of the two
adamantyl iodides.

‘Table X Fragmentation Pattern for Adamantyl Amides

- | ) ¥ pcH,  PX
_— X=NH(§:?Me 81 100 10
X X=NH8F’r 65 69 100
' | P P-X P-HX
X @
§_> X=NHEMe 100 27 49
‘ X=NH8Pr 100 45 35

The same was observed for the corresponding norbornyl amides.
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Table XI  Fragmentation Pattern of Norbornyl Amides
+

P P-C,H, P-HX
X 5 X=NH%Me 100 23 100
- " Pp 100 27 50

& : X=NH2Me B 10 4
= v Pp 44 100 11

In both the norbornyl and adamantyl the 2-substituted amides underwent

fragmentation, losing HX as a major pathway. The bridgehead isomers

5

stabilized carbenium ion. With the l-substituted adamantanes, when R = Pr

preferred to lose an alkyl radical (CAH9. and C2H ) to yield a resonance
the resulting cation from P_—C4H9 was not as stable as when R = Me.

This decreased stabilify of the phenyl substituted cation as the size
of R increased was also found in the mass spectra of various l-alkoxyadaman-
tanes. The loss of OR increased as the size of R increased.

" 'Table XIT Fragmentation Pattern of l-Alkoxyadamantanes

<__;____> P P—C4H9 | P-OR
R

R = Me 25 100 8
= Et , 41 100 22
= nPr 70 100 92
= iPr 51 100 41
= nBu 50 71 100
= 1Bu 3 4 100
= nPn 16 32 100
= CH,CH,OH 16 7 100
= CH.,CH,OCH 11 4 100
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The same preference for loss of OR as the size of R increased was

also found for the 1,3-diethers.

Table XTII Fragmentation Pattern of 1,3-Dialkoxyadamantanes

R
—-—__) P P~C,Hg P-OR
R _
R=Me ' 26 100 26
= Et 39 100 28
= nPr 45 100 74
= iPr 40 100 81
= iBu .5 9 100

IT) Infrared Spectra:

Detailed analysis of the infrared spectra of substituted adamantanes
has received iittle attentionllg; Its main use in this study was for
comparitive purposes; the spectra for monohalides wefe very similar as
were those for dihalides and so on. The spectra for the halogenated
biadamantanes are shown below as examples (run as KBr pellets).

" Figure VII  Infrared Spectra of 3;3'—Dihalo—l;1'—Biadamantanes
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The pattern for secondary substituted adamantanes is not so similar,
but is still coﬁparable. This is shown above for the three gyn-1,4-dihalo-
adamantanes (CC14 solution). Thus an unknown halogenated adamantane could
be assigned as disubstituted, trisubstituted or whatever by comparison with
the spectra of known compounds.

ITI) Nuclear Magnetic Resonance
a) 1 (Proton) ' -

This technique was by far the most.useful for the analysis of
derivatives of adamantane. The assignments are readily made from the
chemical shifts and integrated intenmsities. Of special importance in the
case of bridgehead compounds is the absence of strong coupling. Because
of the rigid character of the adamantane skeleton; there is no possibility
of appreciable distortion of the expected'600 angle between vicinal hydrogen
atoms. Where measurdble the J values between protons have been found to be
2,6 Hz. All protons in the molecule are strongly dependant upon the nature
of the substituentslg;

A typical example is shown below for l-bromoadamantane. ( solvent is CSZ)

Figure IX Proton NMR Spectrumof l1-Bromoadamantane
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Only three different types of protons are present in the spectrum.
There are two types of § protons but they generally resonate together so
that the § protons (at 1.73) are slightly broader than the g protons'(at 2.28)
The 8 protons being furthest from the substituent usually occur closest
to the value for adamantane itself (5' = 1.78). The ¥ protons always are
found as a featureless broad band

In many cases some of the resonances may overlap with each other. .In
these instances switching to an aromatic solvent like benzene causes
spectacular shifts of the resonances. This is shown below for 1-methoxy-
adamantane in CS, and C_H

2 66°
‘Figure X Proton NMR Spectra of l-methoxyadamantane
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In CS2 solution the;? and § protons resonate at essentially the same
position. Changing the solvent to benzene causes an upfield shift in these
positions. Interestingly, in all cases investigated here the B carbons
(those closest to the substituent) are affected the least; they undergq the
smallest solvent shift. Since studies have shown no evidence for a stable
1:1 type complex of substrate and solvent; it was suggested that the
dipole moment of the substrate caused some weak ordering of the solvent which
was geometrically but not thermodynamically equivalent'to a complexllg.

Thus by utilizing the two solvents mentioned above the analysis of the
nmr spectra of bridgghead_adamantyl halides is relafively straightforward.
This is due to the fact that chemical shifts induced by various substituents
are remarkably additive19: Knowing the magnitudes of these shifts one can
accurately estimate the chemical shifts for di; tri and tetrasubstituted
adamantanes. The results for monosubstituted adamantanes are shown below.
The substituent shifts (subs) are the observed chemical shift of the halo

compeund minus that for adamantane.

"Table XIV Proton and Substituent Shifts of 1-Haloadamantanes

$
P

CS, scolution’ C_H, solution .
Z J0
X F. . C1 Br I F Cl Br I
P obs 1.81 2.08 2.28 2.62 1.83 2.06 2.26 2.50\
subs +.04 +.31 +.51 +.85 . +.06 +.29 +.49 +.73

2,18 2,08 2,04 1.92 1.94 1.80 1.70 1.60

+.31 +.21 +.17 +.05 +.07 -.07 =-.17 -.27

1.62 1.69 1.73 1.88 1.36 1.38 1.40 1.42
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The above substituent shifts are +ve for a downfield shift and -ve for
an upfield shiffv(based up 5 = 1.77 for the bridge protons of adamantane and
1.87 for the bridgehead protons).

Using the above substituent shifts together with the additivity
principle, one may calculate the expected spectrum for any di, tri or
tetrahalide. 1,3-dihalides have four different types of protons and the
results are shown in the following table compared with the calculated values.

5
P
pé P8
Br r ¥
N § =1.77 = .04 = .04

1.77 + .51 + .51 = 2.79

1.77 + .51 -.04 = 2.24

1.87 + .17 + .17

2.21

"1.69

"Table XV Experimental and Calculated Proton Chemical Shifts of
1,3-Dihaloadamantanes

C82 solution C6H6 solution
X X p c1 Br 1 F cl  Br I
obs 1.98 2.36 2.78 3.26 2,04 2.40 2.77 3.20

cale, 1.85 2,39 2.79 3.47 1.89 2.45 2.75 3.23
obs 1.80 2.04 2,26 2.60 1.53 1.73 1.93 2.20
cale, 1.66 2,00 2,24 2;73 1.42 1.6i 1.89 2.15
obs 2.37 2.28 2,26 1,92 1.85 1,63 1.58 1.23
calc. 2,49 2,29 2,21 1.97 2,01 1.73 1.53 1.33
obé. 1.50 1.62 1.73 1.92 0.97 1.00 1.10 1.23
calc. 1.47 1.61 1.69 1.99 0.95 0.99 1.03 1.07
Trisubstituted adamantanes have 3 different types of protons as shown

by the spectra for the triiodide (CSZ)'
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Figure XI Proton NMRSpectrmnof 1,3,5-Triiodoadamantane
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The calculated and observed results for all the trihalides are shown

in the following table.

‘Table XVI  Experimental and Calculated Proton Chemical Shifts of 1,3,5-
Trihaloadamantanes

9 solution _ C6H6 solution

F Cl Br I F Cl Br I

obs. 1.99 2:32 . 2;74 3;23 1;87 2,08 2.40 2.87

calc. 1.70  2.31 2.75 3;58 1.48 1.96 2.38 2.88

obs, 1;75 1;95 2.25 2;58 1.30 1.42 1,61 1.93

calc. 1.51 1.92 2.17 2.84 1.01 1.32 1.52 1.80

obs. 2,47 2,46 2,41 1,97 1;63 1.42 1;40 0.95

calc. 2.80 2,50 2.38 2.02 2:08 1;66 1.36 1.06

For the tetrahalides; since all the protons are now equivalent, only

a single line is observed.
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Table XVII Experimental and Calculated Proton Chemical Shifts of
1,3,5,7-tetrahaloadamantanes
X
. CS2 solution C6H6 solution
X X F c1 Br I F c1 Br I
obs, 2,06 2,30 2.65 3,18 1.68 1.81 2.13 2.59

calc. 1.55 2,23 2.71 3.69 1,07 1.57 2,01 2.53
The same additivity relationship may be used for the dimethyladamantyl
halides and halogenated biadamantanes. The results for these compounds are
not iﬁcluded in tabular form.
As may be seen from Tables XIV to XVII the agreement between the
observed and calculated chemical shifts is quite good for the chlorides

"(+ .03 ppm in CSZ,' + .11 in C6H6) and bromides (+ .04 ppm in CS,, + .08

2’
in C6H6). However, the agreement is not as good for the fluorides (+ .22 ppm

in CSZ,’ + .27 in C6H6) and iodides'(j; +20 ppm in CSZ,' + .08 in C6H6).

The protons directly adjacent to the halogen atoms deviate to the
greatest extent. In CS2 theﬁ protons (adjacent to two halogens) of the
f].uorides appear at a lower field (deshielding effect) than expected and the
deviation increases as the number of halogen atoms increase (deviation of
di = +.13 ppm, tri = +.29;tetra = +.49). The P protons of the iodides follow
the reverse trend, appearing at a higher. field (shielding effect) than
expected (deviation of di = -.21 ppm, tri = -.35, tetra = -.51). 1In CSZ
the P' protons (adjacent to one halogen atom) of the fluorides and iodides
follow the same trend as thep protons. For the fluorides the deviations are
for di = +.14 ppm, and tri = +.24; for the iodides the deviations for

di = -.13 ppm, and tri = -.26. When the solvent is changed to benzene the

deviations of observed and calculated for theP and /B’protons of the



- 97 -

iodides disappear (average déviation = ~.C5 ppm) while those of the
fluorides increase slightly (deviation ofp protons of di = +.15 ppm, tri =
+.39, tetra = +.61 and deviation of B' protons of di = +,11 ppm, tri =
+.29).

Although the deviations from additivity in calculated chemical shifts
indicate a cooperative effect of increased number of halogens in adamantane,
plots of observed chemical shift of the ,B and FI protons in CS2 and C6H6.
versus the number of halogen atoms are still essentially straight lines
(Figures XII and XIII). In both solvents the B and P' protons of the
adamantyl fluorides appear at the highest field and the iodides at the
lowest field. This is expected from the anisotropic effects atB carbon
atomslzo. This downfield shift of I 7‘ Br > C1 > F decreases regulérly as
the number of halogen atoms increase. As may be seen from the similar
slopes of the lines in Figure XII and XIII the effects of the 4 halogens in

082 are the same.

Figure XIT Observed Chemical Shift of theB Protons versus Number of
Halogen Atoms
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Figure XIII Observed Chemical Shift of the ;B'Protons versus Number of

Halogen Atoms
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The effect of the 4 halogens are also the same in C6H6' The difference
between the slopes in CS2 and C6H6 may be ascribed to the weak ordering

of the solvent by the solute as proposed by Fortllg. No evidence for a

l;l complex was found and the authors suggest that the dipole of the solute
causes a ''cage-like" construction around the adamantyl halide. Rapid
exchange of the solvent molecules involved in the "cage" with molecules
from the bulk of the solvent would give the results of a 1:1 complex on the
NMR time scale but would not be thermodynamically equivalent to one. As
may be seen from Tables XIV to XVII the solvent shift increases as the
number of halogens increase and is greatest for the protons furthest away
from the substituent ( f;z:b‘é 8 ); Also of interest is the fact that the
shift is greatest for the iodides (as shown for the trihalides below). In

all cases an upfield shift is observed.
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Table XVIII  Benzene Solvent Shifts for 1,3,5-trihaloadamantanes

ﬂSs Solvent Shifts (CSZ——) C6H6)
X = F c1 Br I
BBS 0.12 0.24 0.34 0.35
X X B§E 0.45 0.53 0.64 0.65
pBs ¥ 0.84 1.04 1.01 1.02

*Shifts are in ppm upfield from the resonance in 082 solution.

Now turning to an examiné.tion of the ¥ protons one notices that the
fluorides resonate at the lowest field; indicative of an inductive ;arder
F>Cl 7Br 71. The downfield shift of F relative to I is the reverse of
the order observed for the ) protons of n-propyl halideslzl and various
halogenated steroidal systemslzz. It has been suggested that this reversal
of order for the ¥ protons of the l-adamantyl system was due to the
overlap of the rear lobes of the bridgehead bonding orbitalsllg’ 73. This
concept of near lobe overlap has also been suggested to account for the
same downfield trend from Br to F in a halogenated cholestane systenﬁszhis
back lobe interaction will be examined later in the thesis in an examination
qf the 13C and 19F nmr of these bridgehead halides.

As may be seen from Tablesn XV and XVI the agreement between calculated

and observed chemical shifts of thekprotons is good for the bromides

, + .04 in C(H/) and iodides (+ .05 ppm in CS,. + .10 in

(+ .04 ppm in Sy,

C6H6). The agreement is not as good for the fluorides (+ .23 ppm in CSZ’

4+ .31 in C6H6) and chlorides (+ .02 ppm in CS,, * .17 in C636). The direction
of the deviation for the ¥ protons of the fluorides is opposite to that

for the B and BI protons (see pageq6 ). The ¥ protons of the fluorides
appear at a higher field than expected from the additivity relationship.

A plot of the chemical shift of the Y protons versus the number of halogen
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atoms produces a straight line as shown in Figure XIV,

Figure XIV Observed Chemical Shift of the Yy Protons versus Number of
Halogen Atoms
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If the interaction of the back lobes of the bridgehead bonding
orbitals is important; then placing halogen atoms in place of hydrogen
should result in a reduction of charge density at the remaining bridgehead
carbon atoms. The chemical shift of this ¥ hydrogen would therefore move
to lower field; the magnitude of the shift should in;rease as the number
of halogen atoms at the bridgeheads increased and should be greatest when
the most electronegative halogen (fluorine) is present; This is indeed observed
in CS2 solution as can be seen in Figure XIV; The effects of F, Cl, and Br
are similar while the introduction of additional I atoms has only a very
small effect. The situation is completely different in benzene solution
where upfield shifts are observed with an increase in the number of halogens.

/
In fact the plot in C6H6 is very similar to the C6H6 plots of thepB and/3
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hydrogens in Figures XII and XIII. A possible explanation is that the
deshielding effects of the halogen atoms in C52 solution ére offset by the
greater shielding effectls[‘l caused by interaction of the solute with the
benzene solvent molecules aé seen on page 99: These interésting'bfeffects
will be examined further in the discussion of thelBC‘and 19F nmr spectra
of these molecules.

As a further test of the accuraéy of this additivity relationship for
bridgehead positions of adamantane a series of mixed halides were studied
as shown in Tables XIX and XX;

¢

‘Table XIX Experimental and Calculated Proton Chemical Shifts of 1-Chloro-
. 3-Haloadamantanes

Hs
H Ha
C52 solution C6H6 solution
Cl X
H
X: H1 H2 H3 H4 H5 H1 H2 H3 H4 H5
F obs 2,23% 1.81% 2,01 2.35 1.55 2.24% 1.55% 1.75 1.85 1.00
calc. 2.12 1.73  1.93 2.39 1.52 2,12 1.44 1.65 1.87 0.97
Br 2.56 2.26 2,06 2.26 1.67 2,55 1.88 1.74 1.61 1.05
2.59 2.20 2.04 2.25 1,64 2,55 1.87 1.69 1.63 1.0l
I - 2.88 2,48 -2.16 -2.16 1,75 2.76 2.08 1.80 1.42 1.13
2,93 2,54 2,19 2,13 1.80 2.79 .2.11 1.71 1.53 1.07

* J =5,5Hz
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Table XX Experimental and Calculated Chemical Shifts of 1,3-Dihalo-5-

Haloadamantanes
Hs
Ha . .
. C82 solution C6H6 solution
X X
[

H1 H2 H3 H4 H5 H1 H2 H3 H4 H5

a

X = Br obs 2.68 2.36° 2.15 2.46 1.67 2.44 2,13 1.58 1.47 1.32

Y =F calc 2.64 .2.28 . .2.09 2,52 1.73 2.34..°1.95 1.48 1.60. 1.09

X=1 3.14 3.00 2.50 2,06 2.35 2.8 2.68 1.92 1,10 1.75

Y = Br 3.43 . 3.26 2,69 2.14 2,60  :2.85:. 2.64 1.87 1.16. .1.56
X=2cC1 2.42 2,56 2,02 2;36 2;16 2:12 2:27 1;43 -1.57 1.57
Y = Br 2,35 2,51 . .1.96. . .2.46 2,12 1.99. . .2.16 . .1.30 1.56. 1.48
X =Cl 2.39  2.20% 1;93 2:47 1:80b 2:12 1;973 1.41 1.58 1.26
Y=F 02,24 2,04  1.85 2,60 . .1.65 .°1.94 . 1.73 .~ 1.26 1.80 .1.05
X = Br 2.70 2,56 2,18 2:37 2:06 2:42 2;27 1.59 1.45 1.45
Y = Cl1 2,71 2,55 2.16 2.42 2,00 2.36 2.18 1.50 1.43 1.32
a) J=5.5Hz b) J = 3.5 Hz

As may be seen from the tables deviations again occur but are smaller
overall than when only one type of halogen is present. The deviation for

fluorides in CS, is + .09 ppm, + .14 in C H6; for iodides in CS, + .13 ppm and

2 6
+ .06 in C6H6; and for chlorobromides in CS 6H6'

before the deviations of iodides in CS2 disappear in benzene solution while

2

+ .04 ppm and + .06 in C As

2
the deviations of the fluorides are present in both solvent systems.
Therefore, as may be seen from the above discussion, the proton nmr of
bridgehead substituted adamantanes is an extremely valuable and simple
technique to investigate inductive and aniosotropic effects of substituents

as well as the possible presence of back lobe interactions in a well defined
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and rigid system. The nmr of 2-substituted adamantanes are more complicated
than the bridgehead isomers as a result of lower symmetry making complete
analysis difficult., The spectrum of 2-bromoadamantane is shown below

(CCl4 solution).

Figure XV  Proton NMR Spectrum of 2-Bromoadamantane
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The proton ok to bromine is easily identified because of its low field
resonance at S=4.52: The AB system at5==2;36 and.g=1:58 (J = 12 Hz) belong
to the protons ¥ to the bromine atom on the syn side of the molecule. The
axial protons exist in a 1;3 diaxial arrangement with the Br atom and
therefore will be more deshielded ($=:2:36) than the equitorial protons46

which appear at §=1.58, The other resonances have been assigned but
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required double resonance techniqueslz3.
Substituent shifts may be calculated and predictions made for 1,2,
1,4 and 2,4-adamantyl isomers but the agreement is not as good as for the
bridgehead isomersloo’ 34, 124.
| In the case of the 1,4 isomers assignment may be made on the basis of
the 1,3 diaxial arrangement of the pfoton and halogen atom as seen above.
For syn-1,4-dichloroadamantane the ¥ axial protons are deshielded- by the
axial secondary Cl atom. Also the bridgehead atom causes deéhielding SO
that the doublet occurs further downfield than for 2—bfomoadamantane at
S = 2.65. Following this reasoning the downfield shift\for the dibromide
and diiodide should be even greater. This is indeed observed experimentally,

as shown below,

‘Figure XVI  Proton NMR Spectra of syn-1,4-dihaloadamantanes.
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‘Figure XVI (continued)
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Therefore it has been seen that proton nmr is a useful method by
which various halogenated adamantanes may be studied. The additivity
relationship appears to hold for other substituents as welllg. A study
of the carbon nmr spectra of these halogenated adamantanes was undertaken
to determine if the additivity relatiénship at carbon would be equally
uéeful.

b) 130 nmr spectra

Substituent effects have formed a large part of the work on early 13C

nmr studiéslzs, but the correlation of chemical shifts with molecular and
electronic characteristics has been unreliable when molecules with dynamic
geometry are used. The adamantyl system, because of its rigid and well

defined geometry, is an ideal model to study substituent effects.

A typical example is shown for l-bromoadamantane.
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Figure XVII  Carbon NMR Spectrumof 1-Bromoadamantane
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With wide band 'H decoupling all the resonances appear as singlets; the
peak heights represent a combination ofvthe number of carbon atoms plus
their type. For example; quaternary carboné attached to bromine give weak
absorptions‘while CH2 carbons give much strénger absorptions, Initial
studies in-this area have differentiated the ¥ and § carbons for all the
monohaloadamantanes126 by means of off-resonance decoupling.

From the 13C chemical shifts of the monohalides; the substituent shifts
could be used to calculate the expected carbon chemical shifts for the di,

tri and tetrahalides.
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5
A

&

P

X

3Shifts reported in ppm downfield from tetramethylsilane.

Table XXI C Chemical Shifts of l-mono-Haloadamantanes
Substituent Carbon Atom and Associated Substituent Shiftb
o B ¥ §

H 28.4 (0.0)  37.7 (0.0) 28.4 (0.0) 37.7 (0.0)
Fe 92.4 (64.0) 42.7 (5.0)  31.4 (3.0) 35.9 (-1.8)
c1 68.6 (40.2) 47.5 (9.8)  31.3 (2.9)  35.4 (-2.3)
Br 66.2 (37.8) 49.3 (11.6) 32.5 (4.1) 35.5 (-2.2)
I 50,7 (22.3) 52;3 (14:6) 33;0 (4.6) 35.6 (-2.1)
ox? 30.3 (1.9)  40.0 (2.3)  27.2 (-1.2) 35.8 (-1.9)

bThe substituent shifts in parentheses is the chmical shift of the halo
compound minus the chemical shift of adamantane. Positive shifts correspond
to lower field.

¢ JCF values are J« = 184 Hz, Jg = 17.8 Hz, Jy = 10.6 Hz and J§ < 2 Hz.

oy = 125.1
A sample calculation for 1,3-diiodoadamantane, using these substituent

shifts of the monohalides, is shown below.

28.4 + 22.3 + 4,6 = 55.3

& =
B = 37.7 + 14.6 + 14.6 = 66.9
B =37.7 + 14,6 - 2,1 = 50.2
¥ =284+ 4,6+ 4.6 =376

B § = 37.7 - 2.1 - 2.1 + 33.5

X=T .
The above substituent shifts differ slightly from those found by

earlier workers but this is not surprising as different solvent systems

were used in the three case3126.
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The calculated and observed chemical shifts for all the di, tri and

tetrahalides are shown in the following three tables.

5
¥
X X
P
Table XXIT  Experimental and Calculated Chemical Shifts.of 1,3-di~Halo-
adamantanes® :
Substituent I~ p ' F ¥ 8‘
Fb 93.4(95.4) 48.,0(47.7) 41.2(40.9) 31.5(34.4) 34.3(34.1)
C1 66.9(71.6) 56.6(57.3) 45.7(45.2) 33.8(34.2) 33.5(33.1)
Br 62.0(70.3) 59.1(60.9) 46.9(47.1) 34.9(36.6) 33.6(33.3)
I 44.8(55.3) 64.6(66.9) 49.9(50.2) 36.6(37.6) 33.7(33.5)

a .
Calculated values in parentheses.

b

JCF values are Jou; =

and Jy = 10.3 Hz.

Table XXIII

Substituent
F b

Cl

Br

I

188 Hz, Je, = 13,3 Hz, I’

Experimental and Calculated Chemical
Shifts of 1,3,5-Trihaloadamantanes®

A
92.4(98.4)

64.5(74.4)
58.1(74.4)
39.3(59.9)

7

P
46.9(45.9)

54.4(55.0)
56.8(58.7)
61.7(64.8)

3Calculated values in parentheses.

b’

i3

39.9(39.1)
43.8(42.9)
44.8(44.9)
47.4(48.0)

19.0 Hz, and JB = 16.0 Hz

28.1(37.4)
33.5(37.1)
36.3(40.7)
39.5(42.2)

Jop Vvalues are Jo) = 191 Hz, Jon, = 14.8 Hz, B’ = 18.8 Hz, Jg = 16.9 Hz
and J¥= 12.0 Hz.
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Table XXIV  Experimental and Calculated Chemical Shifts of 1,3,5,7-tetra-~

Haloadamantanes®
Substit t » ’
ubstituen “ B
FP 90.4 (101.4) 46.2 (44.1)
Cl 62.3 ( 77.3) 52.8 (52.7)
Br 54,2 ( 78.5) 54,9 (56.5)
I 31.1 ( 64.5) 59.7 (62.7)

¢

a .
Calculated values in parentheses.

b JCF values are Jet. = 192 Hz, Jeka= 17.2 Hz, and JB’ = 19.4 Hz.

As may bé seen from the tables XXIT to XXIV.,‘ the observed c.hemical
shifts for the secondary carbon atoms (p and ﬁ’ ) agree quite well to
those calculated using the additivity relationship while the bridgehead
carbons (e¢and ¥ ) resonate at a higher field than expected. This is
shown in the following table.

‘Table XXV Average Deviation of Observed from Calculated Chemical Shifts
for Di, Tri and Tetrahalides

Carbons ‘ F Ccl _ Br I
X -6.3 9.9 -16.3 -21.5
B' +1.3 | 40.5 -1.8 - 2.8
B +0.5 +0.7 +0.2 +0.5
¥ -6.1 -2.0 -3.0 - 1.9

Good agreement is observed for the secondary carbon atoms adjacent to one
halogen atom (B) with larger deviations for the ﬁ' carbons. The bridgehead

carbons, however, all experience large upfield shifts relative to the shifts
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expected from additivity.

Linear relationships were observed in plots of the chemical shifts
of the ﬁ and }3’ carbon atoms versus the number of halogen atoms as seen in
the following figure.

Figure XVIII Chemical Shift of ﬁ andIB Carbons versus Number of
Halogen Atoms
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Downfield shifts in the order I > Br » C1 > F are observed for the B
and )3' carbons and this shift decreases regularly as the number of halogens

increases. This is expected from the anisotropic effects at)3 carbonsl?'7

and has been observed in other systemsleb. This shielding effect increases
as the number of halogens is increased, moving the resonances to higher

field. As can be seen from the similar slopes the effect is nearly the same

for the four different types of halogen atons.
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Although the eX carbon atoms of the halogenated adamantanes deviate
to the largest extent ( & carbon of the tetraiodide appears 33.4 ppm
upfield from the value predicted by additivity) a plot of the chemical
shift versus the number éf halogen atoms yields straight lines as shown in

the following graph.

Figure XIX Chemical Shift of o< Carbons versus Number of Halogen Atoms
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The o‘rder is the reverse of that observed with theﬁ and /B’ carbon
atoms in that an inductive order is observed i.e. deshielding increases with
an increase in the electronegativity; F > >C1 Z Br 7 I. However, additional
halogens do not cause further deshieldingg instead, the chemical shifts of
the o carbons move progressively upfield. As can be seen from the slopes in
Figure XIX, this shielding effect is greatest for the iodides. This results

in a 33.4 ppm deviation upfield for the tetraiodide from the value calculated
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from additivity. These deviations at the e positions of halogenated

§1126a who found small

adamantanes have also been observed by Pehk et
upfield shifts for the following two bromides. No explanation for these

deviations was suggested.

of C-Br Deviation from Theory

COOH - 61.2 -2.5 ppm

NeX
g .
‘@ CH, COOH 60.9 -3.6 ppm

The d-viations at the o position of the multihalogenated adamantanes
are much larger, the average for the twelve compounds is 13.5 ppm upfield -
from that expected by additivity.

In spite of this deviation from additivity the chemical shifts of the

o carbons follow a more regular pattern than found for the halogenated
128 |

methanes . The results for those compounds are shown below. The fluoro-
methanes have been found to exhibit constantly increasing deshielding129 as
the number of F atoms is increased from 1 - 4.
"Table XXVI Chemical Shift of Various Halogenated Methanes
Compound Chemical shift (relative to TMS)
CH4 - 2.3
CH3C1 25.0
CH3Br 10.0
CHBI -20.7
CH2C12 54.0
CHZBr2 21.4
CH212 ~54.0
CHCl3 77.5
CHBr3 4 12,2
CC14 , 96

CBr4 -29
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Thus as can be seen, the fluorides and chlorides exhibit constantly

increasing deshielding while iodides show constantly increasing shielding
with increased number of halogen atoms. Bromides initially exhibit
deshielding but then begin to show shielding effects for 3 and 4 bromine atoms.
These changes have been ascribed to a combination of steric, inductive and
polarization effectslzs. Direct steric effecﬁs should be absent in the
bridgehead substituted adamantanes so that the & carbon chemical shifts
could be viewed as inductive deshielding in the order of F 7 C1 2 Br =1
combined with the shielding effects due to the polarizability of the halogen
atoms in the order of I » Br » Cl > F. With the & carbons this polarizability
factor appears to be the dominant one as the number of halogens increase.

The same upfield shifts in the order I 2 Br 77Cl are found for the

o« carbons of the two bicyclic systems shown belowA. The B and ,B,carbons
also follow the same order observed for the adamantyl system i.e. downfield
shift in the order I > Br 2 Cl: |
‘Table XXVII  Carbon Chemical Shifts of 1,4—Dihalobicyclo[§.2.i]heptane

and [@.2.2]octane

»

p

X

B
X X VB
! « 7 B -
H 36.5  38.6  29.5 H 23.9  25.8
cL  65.6  54.0  39.8 cL  64.1  37.8
Br  56.4  56.4  41.9 Br  58.9  40.2
I 29.9  61.3  45.7 I 38.9  43.9

The polarizability effects on the ™ carbon atoms of these two
bicyclic system are compared with the adamantyl system in the following

table.
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Table XXVIII Carbon and Substituent Shift of Dihalides
X
X X
X = Cl 66.9(38.5)% 64.1(40.2)- 65.6(36:1)
Br 62.0(33.6) 58,9(35.0) 56.4(26.9)
I 44.8(16.4) 38.9(15.0) 29.9(-6.6)

a Value in bracket = chemical shift of & carbon of the dihalide - chemical
shift of ot carbon in the parent hydrocarbon.

The shielding effects of the halogen atoms are largest for the
bicyclo [?.Z.Ijheptyl system with the greatest effect due to two iodine
atoms, the o< carbon appears6.6 ppm upfield from the o carbon of the parent
hydrocarbon,

The unsubstituted bridgehead carbon atoms (¥) in the halogenated
adamantanes also deviate; but to a lesser extent than the o carbons.
However, unlike the straight iines found in Figure Xlx; the plot of‘
chemical shift of the ¥ carbon atoms versus the number of halogen atoms is
not linear as shown below in figure XX. As with tﬁe )3 andlBlcarbons the
iodides exhibit the largest deshielding; however, unlike the other positions
the addition of another halogen atom at an & carbon results in a further
increase af the deshielding of the ¥ carbons. Addition of a third halogen
atom results in further deshielding of the ¥ carbon of the triiodide and
tribromide while shielding is observed for the ¥ carbon of the trichloride
and trifluoride. Especially puzzling is the fact that an unsubstituted (¥)
bridgehead carbon is shifted downfield by an increased number of iodine or
bromine atoﬁs at the other bridgeheads while the substituted (&) bridgehead

carbon itself is shifted upfield by the addition of iodines or bromines at
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the other bridgehead positions.

Figure XX Chemical Shifts of )y Carbons versus the Number cZ Halogen Azoms
401 R o lodides

Bromides

Chlorides

Chemical Shift (in ppm from TMS)
W
a

30- | o
‘L , , \a Fluorides

i - 1 T

0 1 2 3

Number of Halogens, n in CoHigrn X,

"Peculiar" influences of the heavier'{halogen atoms on they position
have been noted previously126a: However; a unified basis for the chemical
shift effects at all positions by halogens remains unavailable; A major
factor must involve the interact:?_on- of the non-bonded 1‘,.3 carbon atoms.
This is supported as presented abovev,b by the good correlation of observed
and calcﬁlated éhifts for theP and ]3' and 8 carbons .for all of the
haloadamantanes but the complete lack of correlation for the bridgehead oL
and ¥ carbon atoms.,

: 1
These same effects are shown by the ‘3C nmr spectra of a series of

mixed 1,3 dihalides as shown below.



* Table XXIX

Substituent

'a._ Ax
X=TF obs. 92.4
Y = Cl cale. 95.3
X = Br obs. 62.2
Y = Cl cale. 69.1
X=1 obs. 43.5
Y = Cl_ calc. 53.6
X = F® obs. 92.2
Y = Br calc. 96.5

& Jop Vvalues are Ju
and Jy = 9.8 Hz..

b J values are J«

CF X

Experimental and Calculated Chemlcal Shifts of

1-Halo-3-halo-adamantanes

and Jy = 9.6 Hz,

Ay
66.8
71.6

By

188.5 Hz, J«, = 11.7 Hz, Jg’

188.7 Hz, Jxy= 10.8 Hz, Jg'

X—
32.5 33.9
34,3 33.6
34,2 33.6
35.4 33.2
34.7 33.6
35.9 33.3
33.3 34.2
35.5 33.7

19.5 Hz, Jp. = 18.0 Hz,

20.0 Hz, Jg, = 16.8 Hz,

Again, excellent agreement is found for the B ﬁ'and § carbons with

deviations (average 1.6 ppm) for the ¥ carbons and as large as 10 ppn for

the o carbon atoms.

However, in general the additivity rule holds quite

well and is very useful in assigning the chemical shifts observed to the

specific carbon atoms.

This is shown in the following three tables for 1,3-

dimethyladamantyl halides and 3,3'-dihalo-1,1'biadamantanes.



Table XXX
X =
H obs.
calc.
Fa obs.
calc.
Cl obs.
calc.
Br obs.
calc.
I obs.
calc.
a
JCF values
J4 = 9,5 Hz;

3-Dimethyl-5-~haloadamantanes

Cc1 c2 C3 c4 - C5

are: Jl = 17.5 Hz; J, = 184 Hz; J

J6 = 9.5 Hz.

2

Experimental and Calculated Chemical Shifts of
1, '

C6 c7
30.5 51.7
30.0 50.9
34.6 53.0
33.0  49.1
34.6 49.6
32.9 48.6
53.2 49.4
34,1 48,7
35.6  49.6
34.6 48.8

= 17.5 Hz;

c8

30.9

29.4

29.6

29.7

29.5



Table XXXI  Experimental and Calculated Chemical Shifts of
1,3-Dimethyl~5,7-Dihaloadamantanes

X = Cl c2 Cc3 C4 C5 cé6

F obs. 47.6 93.9 47.6 35.5 49,3 28.6
cale. 45.5 96.0 46.4 36.0 47.3

Cl obs. 54.7 66.5 51.5 36.7 47.9 28.5
cale. 55.1 72.1 50.7 35.8 46.3

Br obs. 57.3 61.5 52,8 38.3 47.7 28.7
cale. 58.7 70.9 52,6 38.2 46.5

I obs. 62.4 43.0 55.6 39.3 47.5 28.6 .
calc. 64.7  55.9 55.7 39.2 46.7

a JCF values are Jl = 18.8 Hz; Jox, = 186 Hz; Jet, = 13.6 Hz; J3 = 15.6‘Hz;
J4 = 10.0 Hz. 5
g
4 4
X3 372

' 'Table XXXII 'Experimental and Calculated Chemical Shifts of
3,3'-Dihalo-1,1'-Biadamantanes

X = C1 c2 C3 C4 C5 Cé c7

H obs, 29.2 35.3 36.6 35.3 29.2 37.6 37.6
sub shift +0.8 -2.4 +8,2 -2,9 +0.8 -0.1 -0.1

F*  obs. 93.7 41.0 41.6 34.2 31.0 42.3 35.5

cale. 93.2 40.3 39.6 33.5 32.2 42.6 35.8

cl 70.0 45.9 41,5 33.7 31.6 47.1 35.1
69.4 45.1 39.5 32.0 32.1 47.4 35.3

Br 67.7 47.6 42,6 33.7 32.6 48.9 35.4
67.0 46.9 40.7 33.1 33.3 49,2 35.4

1 48.6 50.6 43,1 33.6 33.1 52.1 35.4

51.2  49.9 41,2 33.2 33.8 52.2 35.5

a V .
JCF values are J1 = 183 Hz,-J2 = 17.0 Hz; J3 = 9.6 Hz; JS = 10 Hz; J6 = 17.0 Hz
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Again, good agreement is found for all the secondary carbon atoms with
small deviations for the e<and ¥ carbon atoms; As a further test of the
additivity relationship;‘the 13C spectra of a series of 1-alkoxyadamantanes
were obtained as shown in Table XXXIII; With these substituent shifts the
expected chemical shifts for the diethers could be compared with the
experimental values as shown in Table XXXIV! . Unlike the halogenated
adamantanes, no deviations were observed for the o< carbons; good agreement
was found for these and thep, }3' and § carbon atoms. However; the ¥ carbons
again showed some "peculiar" shielding effect126a causing deviations from

1.8 to 2.5 ppm upfield.



Table XXXIII

13

2
b)
c)
d)
e)

£)

g)

obs.,

—~CH,CH4

—CHZCHZCH3

—CH(CH3)2

~CH,,CH, CH CH.,
~CHCH
CHZCH3

—CHZCHZCHZCHZCH3

- 120 -

C Chemical Shifts of 1-Alkoxyadamantanes

Carbon Atom and Associated Substituent Shift

o B

72,2 41.0
+43.8 +3.0

72.2 41.,7
+43.8 +3.7

71.8 41.5
+43.4 +3.5

72.4 42.5
+44.0 +4,5

72.3 43,0
+43.6 +3.8

72.3 43,0
+43.9 +5.0

72..5 41,6
+44.1 +3.6
CH3 = 47.6
CHZ = 55.03 CH3 = 16.§
OCI-I2 = 61.5; CH2 = 24,2 CH3
CH = 61.3; CH3 = 26.3
OCH2 = 59.6; CH2 = 33.0; CH2
OCH = 66.8; CH3 = 23.3; CH2
OCH2 = 59.7; CH2 = 28.?; CH2

K

30.5
+2.1

]

= 31.8; CH

= 22,8; CH

10.8

19.6; CH

§

36.6
-1.1

36.6
-1.1

36.5
-1.2

36.5
-1.2

3 = 14.0

= 10.7

2

= 22.8; CH

3

= 14.2



Table XXXIV

R =
Mea
Etb
nPrc
iPrd
iBue
a) OCH3
b) OCHZCH3
c) OCHZCHZCH3
d) -0CH(CH,),
e) —OCHCH3
L Y
CHZCH3

Experimental and Calculated Chemical Shifts for
1,3-Dialkoxyadamantanes

obs.
calc,

obs.
calc.

obs.
calc.

obs,
calc.

obs.
calc.

oL P
74.6 44,2
74.3 43.7
74,2 45,4

4.4 45,1
74.1 45.4
74.0 44.7
74.7 47.2
74.6 46,7
74.7 47.7
74.8 47.7
OCH3 = 63.7

CH, = 55.4; CH3

OCHy= 61.9; CH,

OCH = 62.0; CH3

OCH = 67.3; CH3

B '

39.8 30.8
39.6 32.6
40.7 30.9
40.3 32.8
40.6 30.8
40.0 32.8
41,5 30.9
41,0 32.8
41.8 30.9
41.8 33.4

16.4

24,0; CH3 = 10,8

25,2

22.9; CH2 = 31.63 CH3 = 10.4

As a further test, three unsymmetrically disubstituted adamantanes

were examined, the results of which are shown in Table XXXV.
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- Table XXXV  Experimental and Calculated Chemical Shifts of Unsymmetrical
Disubstituted Adamantanes

x C1l c2 Cc3 C4 C5 cé6 c7

X = F2 obs. 93.3  46.9 74.7 40.4 31.3 41.9 35.0
Y = OEt  calc. 94.6 46.4 75.2 39.6 33.6 41.6 34.8

Z=Br  obs.  63.8 53.1 73.9 40.0 32.9 48.2 34.6

Y = OEt calc. 68.4 53.0 76.3 39.2 34.7 48.2 34.4

X =F®  obs. 90.0 44,6 34,0 38.7 30.3 41.3 34.1

¥=CN  calec. 91.2 45.0 33.3 38.2 30.2 40.8 34.0

a) J = 185.6 Hz, J, = 17.0 Hz, Jy = 11.4 Hez, J, = 10.2 He, Jg = 17.6 Hz
OCH, = 55.8, CH, = 16.2

b) OCH, = 55.6, CH, = 16.2

c) J; = 186.0 Hz, Jyp = 19.4 Hz, J3 = 10.0 Hz, JS = 10.2 Hz, Jg = 18.0 Hz
CN = 123.4

Again, it is only the bridgehead carbon atoms which experience
significant deviations from the calculated values. A comparison of these
deviations as a function of the substituent may be seen in Table XXXVI for

various substituted halides.
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Xo =

‘Table XXXVI  Deviation from Additivity for Bridgehead Carbons of
Substituted Adamantyl Halides

X = F c1 Br I
Yy = F? o x -2.0 -4.8 -7.2 b
oty -2.0 -2.9 -4.3 NA
¥ -2.9 -1.8 -2.2
Y =c1 o x -2.9 -4,7 -6.9 -10.1
' <y -4.8 ~4.7 =5.9 -6.9
¥ -1.8 -0.4 -1.2 - 1.2
Y = Br otx  =4,3 -5.9 -8.3
<y  =7.2 -6.9 -8.3 NA
¥ -2.2 -1.2 -1.7
Y=1 oL x -6.9 -10.5
oty NA -10.1 NA -10.5
¥ -1.2 -1.0
Y = 1-Ad ot x 40.5 +0..6 +0.7 -2.6
o<y 42,0 : +2.0 +2.1 +2.1
NS -1.2 -0.5 -0.7 -0.7
Y = OEt o x -1.3 -4.6
oLy -0.5 NA 2.4 NA
¥ -2.3 -1.8
Y = CN A x =1.2
o<y =0.7 NA NA NA
¥ +0.1

a) -ve deviations refer to upfield shifts
b) NA = Compound Not Available

Several interesting trends may be seen from Table XXXVI; In all cases
halogen atoms cause an upfield deviation at thg bridgehead positions. For

the substituted carbons (X), the deviation is largest for iodine, for the
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unsubstituted carbons (¥) fluorine causes the largest deviation. For the
halogenated biadamantanes the carbon bearing the halogen atom (X) is not
affected to a large extent but &y experiences a downfield deviation
which seems to be independent of the nature of the halogen atom. As seen
from Table XXXIV, no deviation occurs for the & carbon atoms of the
diethers. The dihalides experience a large deviation at the K carbon as
seen from Table XXXVI. Replacement of one of the halogen atoms by an
ethoxy group also results in an upfield deviation of the ™« carbon atom,
the magnitude of which is about 60% of that caused by a halogen atom.

The above results provide further support for the concept that non-
bonded effects are important at the 1;3 positions of the adamantane system.
The possibility that such interactions would also appear in the 19F spectra
of these molecules was examined in the following section:

C) 19F nmr Spectra

As a further measure of the influence of substituents on chemical shifts
around the adamantane ring structure; the 19F spectra of a. series of
substituted fluoroadamantanes (in CClA) were examined, The results are

presented in Table XXXVII.
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Table XXXVII th. Chemical Shifts of Substituted 1-Fluoroadamantanes

Fluorine Atom and Associated Substituent Shift

R1 R2 R3 Chemical Shift? Substituent ShiftP(SCS)
H H H -128.0 ’ 0.0
H 1-Ad H -127.8 +0.2
H H F -132.5 , -4.5
H H c1 -133.0 | -5.0
H H Br -131.6 . -3.6
H H CN -133.9 ' -5.9
H H OCHZCH3 -132.5 ~4.5
H H NHCCH -132.2 -4,2

3 3

H F F -138.9 -10.9
H c1 c1 -136.4 | -8.4
H Br Br -133.2 -5.2
F F F -148.5 -20.5
H R CH, -132.9 -4.9
F CH, CH, -139.8 -11.8
cl CH, CH, -137.0 -9.0
Br CH, CH, -135.9 -7.9
Ct - syn -137.2 ~9.2
antj -132.4 4.4

a) Chemical shift in ppm relative to internal CFCl3

b) Chemical Shift of the substituted fluoroadamantane-chemical shift of
fluoroadamantane, ‘Negative values indicate an upfield shift,
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In all cases (except when R2 ; l-adamantyl) an upfield shift of the
9F resonance is observed by the addition of various substituents. This
upfield shift is inconsistent with theories concerning the effect of
electron-withdrawing substituents on chemical shifts. In the fluoromethanes
the 19F resonance is greatly shifted to lower fieldl3l, consistent with an
inductive order, the magnitude of the shift increasing as the number of F
atoms is increased. This downfield shift is not observea with the adamantyl
fluoridgs; in fact the addition of F atoms results in the largest upfield
shifts relative to 1-fluoroadamantane (see Table XXVII).

Dewar and co-workers132 have proposed that some form of substituent-
induced structural change may be involved with various fluorinated
anthracenes; however, these effects should be relatively unimportant for
ﬁhe rigid adamantyl system. These upfield shifts have also been found for

the bicyclo[?.Z.Z]octyl system as shown belowl30.

X SCS (Substituent Chemical Shift)
X F -4.4
F’ C02Et -9,2

These upfield shifts were also largely ascribed to a structural change
induced by the electron-withdrawing substituent possibly leading to an
increase in the C-F bond order. However; as Table XXXVII indicates, for
substituted fluoroadamantanes significant upfield shifts are observed
for both electronegative and electropositive substituents. The largest
upfield shifts are due to fluorine atoms but the effect is not restricted
to fluorine nor specific position of substituent., Table XXXVII indicates
that a fluorine, two bridgehead methyls, ethoxy group, cyano, acetamido,
bridgehead chlorine, anti-4-chlorine or two bromine atoms all cause a

substituent~induced chemical shift of about 5 ppm upfield.
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A study by Wah1133 has shown that various alkyl groups also ﬁroduce

an upfield substituent shift as shown in Table XXXVIIT.

Table XXXVITI Fluorine and Substituent Chemical Shifts of
Alkyl-Substituted 1-Fluoroadamantanes

R1 R2 R3 Chemical Shift Substituent Shift
H H o ~130.0 0.0
H H CH, © -132.8 . 2.8
H : CH3 CH3 -135.3 ) -5.3
CH,y - Gy CH, ~137.8 . 1.8

H Et -132.3 -2.3
) H iPr -131.2 | -1.2
H H © t-Bu -130.1 | -0.1

This seemingly electron-withdrawing nature of the methyl group is also
supported by solvolysis.studiéé of methyl sﬁbstituted 1—br§moadémantan-ss
The successive addition of bridgehead methyl groups to l—bromoadamanténe
reduces the rate by approximately 30%. The other alkyl groups show an
increaée.in ratelga. However, the acidities of alkylsubsﬁituted qdaméntane
-

carboxylic acids suggest that methyl is more electropositive than hydrogen13).

Table XXXIX Acidities of Substituted 1-Adamantane Carboxylic Acids

R pKa

H _ 6.78

" Me 6.88

Et 6.95

OOH iPr . 7.02

It has been suggested that replacement of hydrogen by methyl (or alkyl)

may produce a small change in geometry which is reflected by the ”9F chemical _
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‘shifts and the solvolysis ratio of adamantyl derivatiﬁes. This effect

would be less pronounced fbr thé pKa valués since theireaction site is
further removed from the adamantane nucleus. Therefore it would be heftér
to considér alkyl groups as being polarizable groups rathér than being
»électrépositive or eiectronegative relative to hydrogenl36. This polatizing

nature of alkyl groups may also be seen in Table XL.

Table XL = Solvolysis of 4-Substituted 1~Bicyclo[é.2.2 Octyl Brosylates
1

Substituent (K) 105k; sec kR/kH
H 11.3 1.0
t"Bu 6.2 0.55
iltr 4.7 0143
Et 4.0 0.36
Me 3.4 0.30
C6H5 0.8 0.07

CN ” 0.003 0.0002

In the aﬁove case all alkyl groups appear to be electron withdrawing
relative to hydrogen. However; the authors take this to mean that the
difference is not entirely inductive in nature; rather that replacement
of hydrogen causes a change in the hybridization at that bridgehead which
slightly alters the geometry of the other bridgehead position, therefore
stericélly affecting the rate of_reaction.l36

The peculiar upfield shift in 13C and 19F nmr of the bridgehead
carbons and fluorine atoms may-thereforé be a result of small, subtle, and
& .

yet significant structural changes brought about by changes in the hybridization

of a bridgehead carbon atom at which hydfogen has been replaced by some other
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Subétitucnt.
| CONCLUSTONS

It has been shown that the use of in situ generated aluminum halides
leads to a very mild and general method for the interchange of non-aromatic
haiides in high yield. ,fhe reaction is though; to proceed via a tightly
held ion pair of the aluminum halide and stafting material. Even normally
inert small ring bridgehead positions will react to produce exchangéd
products in good yiéld.

The irradiation of bridgehead halides in various solvents has_béen
found to yieldiproducts from bridgehead carbenium ién and free radical
~ pathways, the relati?e amount of each dependent upon the type of halide and
the solvent used. No evidence for the intermediacy of any propellane type
compounds was found;

The cafbon—lB and fluorine-19 nmf spéctra of bridgehead Halogenated
adamantanes have indicated éome inner-~lobe type interaction of the 4

bridgehead carbon atoms, the exact nature of which was not determined.

"~ "SUGGESTIONS FOR FURTHER STUDY

It would be interesting to determine the exact nature of the‘exéited
states Involved in the photochemical reactions of the adamantyl halides.
The quantum yields for the reactions of the iodides_and bromides would be
useful to determine why the iodides react at a much faster rate than the
bromides and'éhlorides. A -filter to étoP the reaction of the iodide could
also be used to try various sensitizers to initiate the reaction.

A secbnd area worthy of examination would be the photochemical
bromination reaction in BrCC13. " This reaction. could be used to lead_go'

otherwise difficult to synthesize bromides which could react to produce

interesting dehydroadamantanes as shown below.



Finally, a third area would be an attempt to quantitatively explain
the somewhat puzzling 13C and lgF nmr results of the halogenated
adamantanes. Some form of theoretical treatment should be made to try

and satisfactorily explain all of the observed results.
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* EXPERIMENTAL

General:

Melting points (uncorrected) were obtained with a Thomas Hoover
capillary melting point apparatus using sealed tubes;

Infra-red spectra were recorded on a Perkin-Elmer 137 spectropﬁotometer
with 0.493 mm sodium chloride solution cells using carbon tetrachloride as
the solvent (urless otherwise stated); Band positions are reported on the
frequency.(cm_l) scale and intensities as strong (s); medium (m), weak (w),
broad (b), shoulder (sh). |

Ultraviolet spectra were obtained using a Gilford 240 spectrophotometer.

Proton (lH) nuclear magnetic resonance spectra were recorded using a
Varian Associates T-60, HA-100 or XL-100 spectrometer; All samples were
run as 10 - 157 solutions in carbon disulfiae,deuterochloroform, carbon
tetrachloride or benzene with the chemical shifts expressed in parts per
million (ppm) relative to internal tetramethylsilane at § = 0.0. Fluorine
(19F) nmr spectra were obtained with a Varian Associates T-60 spectrometer.
The samples were run as 10 - 307 solutions in carbon tetrachloride and the
~chemical shifts were expressed in ppm relative to internal trichlorofluoro-
methane, The carbon (13C) nmr spectra were recorded on a Varian Associates
CFT-20 spectrometer in CDCl3 solution with wide band proton (lH) decoupling.
Again the chemical shifts were expressed as ppm relative to internal
tetramethylsilane at § = 0;0.

Low resolution mass spectra were recorded on an Atlas CH-4b spectrometer
with high resolution work on an Atlas AEI-MS—QOZ; The intensities of the
fragments were reported as percentages of the base peak (100%7). Both

instruments were operated at 70 ev,



- 132 -

Gas-liquid partition chromatography (glpc) was performed on a Perkin-
Elmer 900 Gas Chromatograph utilizing a flame ionization detection system
with helium as the carrier gas (=60 ml/min.)

The column used was a 6' by 0.125" 8% 0V-17 on Chromosorb W AW-DMCS
80/100 mesh.

Temperature programming was routinely used as exemplified below.

125° (4) 262y 5500
i.e. the column temperature was maintained at 125° for 4 minutes thén
heating at 16° per minute took place until a final temperature of 250° was
achieved.

Preparative glpc was performed on a Varian aerograph model 90-P using
helium as the carrigr gas (= 80 ml/min.).

The column used was a 5'_X'0.25"1OZ Carbowax 20m on Chromosorb W
80/100 mesh,

The samples were collected in Dry Ice-isopropanol cooled vessels.

Microanalytical results were obtained by Mr. P. Borda of this
department.

Photochemical reactions were carried out in quartz or pyrex'tubes
equipped with condenser and a take-off joint for sampling. The light source
was a GE UA-3 360 watt high pressure mercury lamp in a water cooled quartz
immersion:well. The reaction vessels were suspended approximately 10 cm from
the immersion well and the whole system surrounded by aluminum foil to
minimize loss of light. The solutions were degassed well with L - grade

nitrogen for 15 minutes before irradiation or with O

, Bas bubbled through the

solution during the reaction.

Methanol was purified by refluxing over magnesium metal followed by
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distillation (bp 630) and storage in brown bottles under N2.

Dimethyl sulfoxide was stirred over molecular sieves (5 A) then
distilled at reduced pressure over calcium hydride.

Acetonitrile was distilled from PZOS then redistilled over K,C0,4
(bp 810) and then stored under N2 in dark bottles.

Carbon disulfide was stirred over molecular sieves before use.

All other solvents were either reagent or spectrograde and used without
further purification.

Sodium cyanide was washed well with absolute ethanol then dried under
vacuum at 120° for five hours before use; Similafly; LiBr, LiI, LiC104 and
AgF were all dried at 140° under vacuum for 6 hours before use.

Aluminum oxide for column chromatography was obtained from McArthur
Chemical Co. and had a pH range of 9.5 - 10.0. Silica gel was 60 - 120
mesh and was obtained from BDH.

Thin layer chromatograﬁhy was performed on glass plates coated with

2.0 mm of silica gel containing uv - 254 fluorescent indicator from

Binkman Instruments.
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1-Bromoadamantane

Brz > B

Procedure of Landa15 was followed. To a 200 ml round bottomed flask
equipped with a stirring bar, condenser and drying tube containing 20.0 g
(147 mmoles) of adamantane (Aldrich) was added 40.0 ml of HZSO4 washed
bromine, . |

The solution was allowed to reflux with stirring for three hours
whereupon the evolution of HBr had ceased. The reaction mixture was
cooled to room temperature and pouréd onto 250 g of ice and 200 ml of CC14.

Solid sodium bisulfite was added with stirring to destroy excess Br The

9°
solution was added to a separatory funnel and the organic layer washed with
aqueous sodium carbonate and then water; After drying over‘MgSO4 and Norit
the solution was evaporated to yield a yellow solid which was eluted with
30 - 60 petroleum ether down an alumina column to yield 30.2 g (95%) of

18 119 - 1209.

fluffy white crystals; mp 118° - 119° (1it
IR - 1455(s), 1343(n), 1290(s), 1105(m), 1030(s), 980(m), 955(s), 778(s)
"Hﬁg (CSZ) - unresolved doublet 2.28; (6n), F,; broad singlet 2.04, (3H), ¥ ;
unresolved doublet 1,73, (6H); 8 .

'1,3-Dibromoadamantane

Br, AlRrg y B
Br r
B

Into a 200 ml round bottomed flask equipped with stirring bar,

condenser and drying tube was placed 10.0 g (73.5 mmole) of adamantane.
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The flask was cooled to 0° and 40.0 ml of HZSO4 washed Br2 was added. To
this was cautiously added 120 mg of anhydrous AlBr3 which resulted in a
rapid evolution of HBr. The solution was allwed to warm to room temﬁerature
and stirred for 0.5 hours followed by stirring at 50° for 0.5 hours. The

flask was then cooled to 0° once again and 220 mg of anhydrous AlBr. added.

3

After the evolution of HBr had ceased the solution was stirred at room

temperature for 0.75 hours followed by stirfing at 50° for 0.75 hours. The

solution was cooled to room temperature and worked up as before to 7ield a

light yello% solid. Glc showed one main peak (200°) with traces of the mono

and tri-bromides ( t = 2, 1.2 and 3;5 minutes respectively),
Recrystallization from pentane yielded 15;3 g (73%) of white crystals

mp 108 - 109° (1it2?P 108 - 1099)

IR - 1460(s), 1340(m), 1320(s), 1290(s), 1020(s), 1000(m), 955(m), 700(s)

" NMR (06H6) - singlet 2.77; (ZH);P ; unresolved doublet 1,93, (8H) ,}38; broad

singlet 1.58, (2H), ¥ ; unresolved triplet 1.10, (2H), § .

'1,3,5-Tribromoadamantane

!

FBS

To a stirred solution of 10.0 g (73.5 mmole) of adamantane and 40.0 ml

of HZSO4 washed bromine in a 200 ml round bottomed flask equipped with

condenser and drying tube at 0° was added 220 mg of anhydrous AlBr After

3.

the initial evolution of HBr had ceased the rsaction mixture was warmed to
, ’ . o

room temperature and stirred for two hours. Upon cooling once more to 0

270 mg of AlBr3 was added and the solution allowed to stir at room temperature

until the evolution of HBr had ceased. The solution was then allowed to
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reflux with stirring for 18 hours. Workup as before yielded a dark yellow
solid which was shown to consist of one major peak by glc (2000 t =€ min.).
Recrystallization from methanol yielded 18.4 g (76%) of white crystals

b 196 - 1279).

mp 125 - 126° (1122

IR - 1455(m), 1340(w), 1330(w), 1310(s), 1035(m); 975(m); 715(m)

NMR (CSZ) - singlet 2.74, (6H);F135; singlet 2.25 (1H), ¥ ; singlet 2.41,
(6H) , BSS.- |

1,3,5,7-Tetrabromoadamnantane

The same procedure for the preparation of the tribromide was followed.
After the 18 hour reflux the solution was cooled to room temperature and
transferred to a Carius tube which was then frozen in liquid nitrogen and
sealed under vacuum, The tube was placed in é metal bomb and heated at
175° for six days. The tube was frozen in liquid N2 again; then opened.
Workup as before yielded a dark brown solid which consisted of 85% tetra-
bromide'and 15% tribromide (OV - 17 200° t = 12.0 and 8.0 min. respectively).
Three recrystallizations from CCl, yielded 12:5 g (37%) of a white solid

22b 946 - 2489).

mp 246 - 248° (1lit
IR - 1450(m), 1318(s), 1220(m), 998(m), 855(s)

NMR (CSZ) - singlet 2.65, (12H).
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1-Bromo-3,5-dimethyladamantane

Hg
\Br
f?ti j} ‘JIIIII%"H’
CH Hy CHy om Hy

To a 200 ml round bottomed flask equipped with condenser and drying
tube at 0° was placed 10.0 g (61.0 mmole) of 1,3-dimethyladamantane
(Sunoco) and 40.0 ml of H2804 washed Br,. After the initial evolution of
HBr had ceased the mixture was refluxed in an oil bath with stirring for
three hours. Workup as before yielded a light yellow liquid which showed .
one peak by gle (125(4) —2- 200° ¢t = 6.5 min.). Distillation afforded
13.48 g (91%) of a colourless oil, bp 66 - 68° (0.12 mm) (1it137 67 — 9°
(0.03 mm)).

IR - 1455(s), 1370(w), 1320(m), 1280(w), 1170(m), 975(m), 935(m), 920(m)

895 (m)

"'gyg (CSZ) - siqglet 0.87, (6H), CH3; singlet 1.20 ; (2H), H1; singlet 1.38,

(4H), H,; singlet 1.95, (4H),AH3; singlet 2.10, (3H), H, + H_.

4 5

1, 3—'Dib.romo—5 , /—dimethyladamantane

C H‘,3 Hy

To a stirred mixture of 10.0 g (61.0 mmole) of 1,3-dimethyladamantane

and 40.0 ml of HZSO4 washed Br2 in a 200 ml round bottomed flask equipped

with condenser and drying tube at 0° was added 100 mg of anhydrous AlBr3.

After the evolution of HBr had ceased the mixture was stirred at room

temperature for 0.5 hours then at 50° for 0.5 hours. After cooling to 0°
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Another 100 mg of AlBr3 was added and the solution stirred at room
temperature for 0.75 hours and at 50° for 0.75 hours. Workup as before

yielded a light yellow solid which was recrystallized from hexane to yield

38

11.0 g (74%) of white érystals, mp 114 - 115° (lit1 115 - 1160).

IR - 1455(s), 1378(w), 1355(w), 1340(m), 1318(s), 1238(m), 1180(m), 940(w),
907 (m) ‘

NMR (CSZ) - singlet 0.93, (6H), —CH3; singlet 1.23, (2H), Hl; singlet 1.93,
(8n), Hz; singlet 2.60, (2H), H3.

1,1'-Biadamantane

Na

N
S
r : 2

The biadamantane was prepared by Ken Waldman,a 4th year summer student,

3 2909

in 1971 by the procedure of Reinhardt83. mp 288 - 289° (1it8

IR (RBr) - 1438(s), 1342(s), 1330(s), 1300(m), 1100(m), 1034(m), 961(m),
813(m)

" NMR (CSZ) - unresolved doublet 1.64, (12H), B ; unresolved doublet 1.73,

(12ﬁ),2{h; broad singlet 1.94, (6H), § .

3,3'-Dibromo-1,1'=biadamantane

2 H
To a 200 ml round bottomed flask equipped with condenser and drying
tube at 0° was added 6.7 g of crude biadamantane. To this was added 40.0

ml of H,S50, washed Br,. After the moderate evolution of HBr had ceased the

2774 2
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solution was stirred under refqu for three hours. Workup as before yielded
9.2 g of a yellow solid which was shown by nmr and glc to contain some of
the monomer. Subsequent analysis of the starting material showed it to
contain substantial amounts of monobromoadamantane. This was removed by
washing the crude solid with methanol.
Ihe solid was then recrystallized from CCl4 to yield 5.2 g of a white
solid, mp 232 - 234° (1it%3 236°)
IR (KBr) - 1440(s), 1340(s), 1320(s), 1300(5); 1237(s), 1132(m), 1102(m),
1020(s), 982(m), 947(s), 890(w), 815(sb), 762(s), 684 (sb)
‘NMR (CSZ) - unresolved doublet 1.58, (12H); Hl + HS; singlet 2.10, (4H), H4;
singlet 2,20, (12H); Hl + Ha.

General Procedure for Iodine Exchange

Into a 100 ml round bottomed flask equipped with stirring bar,

' condenser and drying tube was placed the desired amount of aluminum foil
torn into small pieces. To this was added the iodine crystals and the
contents stirred at 80° in an oil bath until part of the iodine had
vapourized, coating the aluminum foil. Next was added the carbqn disulfide
through the top of the condeﬁser resulting in a dark purple solution. This
mixture was stirred under reflux until a light pink colour had replaced the
original purple and most of-the aluminum foil had been broken up into very
small pieées (usually requiring 45 to 60 ﬁinutes). The reaction vessel was
fhen removed and cooled down to either room temperature, 0° in an ice bath,
or =50° in a Dry Ice-isopropanol bath depending upon the type of halide
being used. The halide was then added dire;tly and the rezaction quenched by
the addition of aqueous sodium bisulfite (usually after 2 minutes). Petroleum
ether was added and the layers separated. The organic phase was washed with

aqueous sodium carbonate, water and dried over MgSO Evaporation of the

4°
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solvent under reduced pressure yielded the crude iodide which was purified
by distillation, column chromatography or recrystallization.

" General Procedure for Bromine Exchange

In this case the freshly torn aluminum foil was placed with 2 ml of
052 and then the desired amount of liquid bromine added. This solution was
refluxed with stirring for several minutes and then the rest of the solvent
was added. The rest of the procedure and workup was identical to that of the
iodine exchange reaction.

‘General Procedure for Chlorine ‘Exchange

Unlike the iodine and bromine exchange reactions; carbon disulfide
could not be used as a solvent for chlorine exchange. Use of chlorine gas
with freshly torn aluminum foil in cafboﬁ disulfide led to a rapid oxidation
of the solvent to yield elemental sulfur; A single run with 1;3—dibromo—
adamantane produced the desired 1;3—dichloride in a 1:10 ratio with elemental
sulfur. Separation of the two products was tedious so that this method was
abandoned,

Instead, to a mixture of freshly torn aluminum foil in reagent
chloroform at 0° was added chlorine gas; saturating the solution. A small
crystal éf iodine was added; initiating an exothermi¢ reaction in which the
aluminum foil ﬁas broken up into small pieces; The solution was cooled to
0° again and the adamantyl bromide was added with stirring. The solution was
quenched by the addition of water, the layers separated and the organic
phase washed with aqueous sodium carbonate and water. After drying,the -
solvent was evaporated under reduced pressure to yield the crude chloride,
Use of CC14 as the solvent led to the desired chlorine exchange but also

produced major amounts of hexachloroethane as well.
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Into a three necked flask equipped with condenser; drying tube and
stirring bar was placed the desired adamantyl bromide with a three to feur
fold excess of freshly dried silver fluoride with 75 ml of spectrograde
cyclohexane. The mixture was stirred under reflux and stopped when glc
indicated that starting material had been consumed. The solution was cooled,
filtered and evaporated to yield the crude fluoride which was purified by
distillation or column chromatography.

"1-Fluordadamantane

To a solution of'4.6 g (18.6 mmole) of l-bromoadamantane in 50 ml of
reagent cyclohexane was added 5.5 g (43;0 mmole) of anhydrous silver
fluéride. The mixture was allowed to reflux with stirring\for 4} hours.
Filtration and gvaporation yielded a light browp solid which was eluted
with 30-60 petroleum ether down an alumina column to yield 2.48 (83%) of

18 510 - 2129

fluffy white crystals; mp 212 - 214° (sub) (1lit

IR - 1455(m), 1350(s), 1318(s), 1295(m), 1180(w), 1110(m), 1070(sb), 970(s),

920(s), 908(w), 835(sb) | |

" NMR (CSZ) - unresolved doublet 1.62, (6H), § ; multiplet 1.81, (6H),}3 ;
broad singlet 2.18, (3H), % .

NMR (lgF) - singlet -128.0 ppm.

The di, tri and tetrafluorides were prepared by Dr. K, Bhandari, a

post-doctoral fellow in the spring of 1973.
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1,3-Difluoroadamantane

mp°0 240 - 241°
MS - 172(37), 129(77), 115(81), 97(51), 43(100)
IR - 2450(m), 1360(m), 1340(s), 1320(m), 1295(m), 1240(w), 1110(s),

1060(s), 1000(s), 945(s), 902(m), 835(sb)

NMR (C6H6) - triplet J = 5.5 Hz, 2.04, (2H), B ; broad singlet 1.85, (2H),
¥ ; broad doublet, J = 3 Hz, 1.53, (8H),F5 ; broad singlet, 0.97,
en, § .

NMR (lgF) - singlet -132,5, SCS -~ 4,5%,

Analzsi; - C1oH14F) S C " H
calculated 69.76 8.14
found ~ 69.53 7.96

* SCS = Substituent Chemical Shift

' 1’,3,5-’Trifluoroadamantane

,388,
I\ F

1’
A0
S
¥p>® 244 - 245°
MS - 190(78), 133(84), 129(64), 115(92), 56(100)
IR - 1460(m), 1350(m), 1322(s), 1290(m), 1258(m), 1150(s), 1062(m),

1037(s), 995(s), 952(s), 895(w), 835(sb)
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NMR (CSZ) - broad multiplet, J = 3.5 Hz, 2.47, (1H), ¥ ; broad doublet,
J = 3.5 Hz, 1.99, (6H),BR&; triplet, J = 2.5 Hz, 1.75, (6H),F$S .

R (19F) - singlet, -138.9, SCS -10.9

Analysis - C10H13F3 C ""'H
calculated 63.16 6,84
found 62.88 6.92

'1,3,5,7-tetrafluoroadamantane

Mpo0 252 - 253°

MS - 208(11), 152(11), 133(76), 129(25), 128(39), 115(14), 109(14), 56(100)

IR - 1460(w), 1450(m), 1325(s), 1250(m), 1060(sb), 1035(sb), 995(w),
272(s), 930(m), 840(sb)

CNMR (CS,) - quintet, J = 3.5 Hz, 2.04, (12H)

mR (1%F) - singlet, -148.5, SCS -20.5

High Resolution Mass Spec - C10H12F4 calculated 208.0875
found 208.0865
"1,3-Dimethyl-5-fluoroadamantane
v
Br
AqgfF AN H
C H CH
H; 3 3N 3

To a reluxing solution of 3.0 g (12.4 mmole) of 1-bromo-3,5-dimethyl-
adamantane in 50 ml of reagent grade cyclohexane was added 4.0 g (31.0 mmole)

of freshly dried silver fluoride. The reaction was stopped after 3 hours,
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cooled, filtered and evaporated to yield a light yellow oil which showed

one peak by glc (75o (4)l;§g—} 200, t = 6.8 min.); Distillation yielded

1.90 g (84%) of a colourless liquid, bp 34° (0.3mm).

'MS - 182(18), 167(100), 163(4); 147(9); 125(13), 111(28), 107(18)

IR - 1455(s), 1375(w), 1355(m), 1342(w), 1328(m), 1185(m), 1150(w), 1060(w),
1053(w), 1015(s), 970(m), 938(w); 915(w); 880 (m)

1’

unresolved doublet, 1,28, (4H), H,; doublet, J = 5.5 Hz, 1.45, (4H),

H3; broad triplet, J = 5.5 Hz, 1.64, (2H), H

NMR (CSZ) - singlet, 0.88, (6H), —CH3; broad singlet, 1.11, (2H), H_;

55 multiplet, J = 3 Hz,

2.20, (1#), H,

R (1%F) - singlet, -132.9, SCS 4.9

‘Analysis - C12H19F 'AIF_ R
calculated 79.07 10,50

found 79.07 10.60

" 1-Ethoxy=3-fluoroadamantane-

Hy

A%;F' > H Hy
Br Et F Et
H
To a solution of 400 mg (1:54 mmole) of l-bromo-3-ethoxy-adamantane
in 20 ml of éyclohexane was added 800 mg (6;36 mmole) of AgF. The solution
was stirred under reflux for 3 hours. After filtration the solution was
evaporated to yield a light yellow solid. Elution with 30-60 petroleum ether
down an alumina column yielded 250 mg (82%) of a colourless oil. Sublimation
of the oil at 60° (1 mm) yielded white needles. Mp 33 - 34,5°,
-~y§ - 198(60), 153(14); 141(100); 123(27); 113(32); 97(11), 95(8)
IR - 1444(m), 1382(w), 1358(w), 1340(m), 1320(w), 1300(w), 1120(sb)

1060(s), 998(s), 913(m), 868 (w)
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"~ NMR (06H6) - triplet, J = 7 Hz, 1.11, (3H); singlet, 1.15, (2H), HS’; singlet
1.51, (4H), H3; unresolved triplet, J = 5.5 Hz, 1.69, (4H), HZ;
doublet, J = 5.5 Hz, 1.94, (2H), Hl; broad singlet, 2,02, (2H), H4;

7 Hz, 3.23, (2H)

quartet, J

MR (1%F) - singlet, -132.5, SCS -4.5

Analysis = ClelgFO T C " 'H
calculated 72.69 9,66
found 71.56 ‘9,54

High Resolution MS calculated 198,2814
found 198.2825

- \Br
" AqFE N\ Ha
B e,

(ZP13 > 3

To a refluxing solution of 2.0 g (6.2 mmole) of l;3—dibromo—5,7—

. dimethyladamantane in 30 ml of reagent cyclohexane was added 5.0 g (39.2
mmole) of freshly dried silver fluoride; The reaction was stopped after 4
houré, cooled, filtered and evaporated to -yield a yellow o0il which showed
one peak by glc (75(4).421—9 2000, t = 6.8 min,). Distillation yielded
0.87 g (70%) of a colourless oil, bp 646 (0.7mm) .

MS - 200(16), 185(100) 165(5), 129(37), 125(37)

IR - 1455(s), 1355(w), 1342(m), 1322(s), 1280(w), 1242(m), 1195(s), 1045(m)
1022(s), 987(s), 928(s), 918(w), 868¢fm), 675(mb)

" NMR - (CSZ) - triplet, J = 5.5 Hz, 1.84, (2H), H3; unresolved doublet, 1.47,
(8H), HZ; broad singlet, 1.08, (2H), Hl; singlet, 0.98, (6H), -CH3.
-'ﬁgg (19F) - singlet; -139.8; SCS -11.8
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‘Analysis - C, H, F " C " H

10182 — —

calculated 71.97 '9.06

found 71.76 : ‘9,20

"3,3'-Difluoro-1,1"'biadamantane
H¢
Py
AqF N ] Ha
d 7
Br F
2 W2

To a refluxing solution of 2.0 g (4.67 mmole) of 3;3'—dibromo—l,l'-
biadamantane in 40 ml of reagent cyclohexane was added 3;0 g (23.6 mmole) of
freshly dried silver fluoride. The reaction was cooled to room temperature
after four hours; filtered and evaporated to yield a light brown solid. This
was eluted with 30-60 petroleum ether down a short alumina column to yield
1.10 g (76%)Y of fluffy white crystals; mp 227 - 2290;

' 'MS - 306(29), 153(100L 152(202 134(72)
IR (KBr) = 1510(s), 1450(m), 1350(w), 1362(w), 1330(s), 1300(w), 1135(w),
1100(w), 1070(m), 1015(m), 965(w), 935(m), 915(mb), 880(w)

" NMR (CS,) - unresolved doublet, 1.48, (8H), H.; broad singlet, 1.54, (4H),

93
HS; doublet, J = 5.5 Hz, 1.59, (4H), Hl; unresolved doublet, 1.73, (8H),
H3; broad singlet, 2.24, (4H), H4' '

‘NMR (19F) - singlet, -127.8, SCS 40.2

“‘Analysis - C, H,gF, - c CH_

calculated 78.39 9.21

found 78.49 9.34
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1-Chloroadamantane

—AL_Cl, N P

5. CHCl3 , |

The catalyst was prepared from 150 mg of aluminum foil with chlorine
gas in 20 ml of chloroform... To this was added 500 mg (2 '32 mmole) of
l-bromoadamantane. Workup after 10 minutes yielded a yellow solid whlch
showed one peak by glc (125 (4) —} 2000, 5 4 min.). Sublimation
yielded 320 mg of a white solid, mp 164 - 165° (11t 164 - 165.59).
~ IR - 1440(s), 1342(m), 1295(m), 1100(m), 1030(s), 980(w); 955(m), 690(m)
685 (mb)

" NMR (C H6) - unresolved trlplet 1. 38, (6H) g 3 broad singlet 1.80, (3H),

x ; broad doublet 2,06, (6H), ﬁ

Br r Cl , |

The catalyst was prepared as above; from 500 mg of 1,3-dibromo-
adamantane (1.7 mmole) a yield of 320 mg (90%) of white crystals (after

139 130 - 1319

recrystallization from hexane) was produced; mp 129 - 130° (1it

MS - 206(5), 204(8), 171(32), 169(100), 133(12), 115(10), 105(5), 91(12)

IR - 1445(s), 1360(w), 1340(s), 1320(s), 1295(s), 1158(m), 1110(m), 1040(s),
995(w), 968(s), 955(w), sso{sb); 780 (mb) ' |

NMR (CeH) - singlet 1. oo, (2H), § ; broad singlet 1. 63, @), ¥;

singlet 1.73, (8W), PS singlet 2. 40 (2H), ‘B
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Br r : C:l!ﬂiillix(:l

pps
The catalyst was prepared as before; from 1.0 g (2.68 mmole) of
1,3,5-tribromoadamantane 565 mg (88%) of white crystals (from hexane) was

39 412 - 1139

produced. Mp 111 - 112° (1it!

MS - 240(8), 238(9), 205(66), 203(100), 169(10), 167(12), 133(4), 91(17)

IR - 1455(s), 1355(w), 1322(s), 1295(m), 1242(w), 1050(s), 978(m), 865(s),
855 (msh)

NMR (CeHo) - singlet, 2.08, (6H),gp§; singlet, 1.42, (7H),ng—/-k

'1,3,5,7<Tetrachloroadamarntane

N2

The catalyst was prepared as above;  from 500 mg (1:1 mmole) of
1,3;5,7—tetrabromoadamantane 260 mg (85%) of white crystals (from benzene)
vas produced. mp 193 - 194° (11t°% 194°)

MS - 276(11), 274(19), 272(20), 241(33), 239(100), 237(100), 204(26)
202(27), 125(36), 91(50)
IR - 1455(s), 1320(s), 1220(s), 992(m), 870(s), 857 (wsh)

NMR (CSZ) ~ singlet, 2.30, (12H)
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CH H
3 3

The catalyst was prepared as above; from 500 mg (2.06 mmole) of
1-bromo-3,5~dimethyladamantane 380 mg (90%) of a colourless liquid was

40 g4 - 86° (4mm))

produced. bp 60 - 62° (0.8 mm) (litl
IR - 1445(s), 1365(w), 1350(w), 1338(w), 1320(m), 1280(w), 1170(mb), 975(w),
938(w), 922(m), 908(m), 895(m), 835(m)
" 'NMR (CSZ) - singlet, 0.89, (6H), —CH3; singleé;'1;17; (2H); Hl; broad
doublet;'l.35, (4H); Hy3 singlet,'l;74; (4H); H3; broad doublet, 1.93,
(2n), HS; broad singlet, 2.12, (1H), H4

"'1,3=-Dichloro-5,7-dimethyladamantane

The ‘catalyst was prepared as above; from 750 mg (2.33 mmole) of
1;3—dibromo-5;7—dimethyladamantane 480 mg (887%) of white crystals (from
hexane) was produced: mp 95 - 96° (11t’% 95.5 - 96.5%)

NS - 234(1), 232(3), 219(1), 217(3), 199(33), 197(100), 161(13), 141(17),
121(5), 119(9), 91(7)
‘IR - 1458(s), 1377(w), 1350(w), 1340(m), 1320(s), 1238(m), 1176(m), 998(w),
945(m), 938(m), 905(m), 852(s)
"ggg (CSZ) - singlet; 0.97; (6H), ~CH,; singlet; 1;15; (2H); H,; singlet,

- 1.70, (8H), Hy; singlet, 2.24, (2H), Hy
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'3,3'Dichloro-1,1"'-biadamantane -

Br 3 Cl 5

Hi

The catalyst was prepared from 500 mg of aluminum foil in 30 ml of
chloroform, with chlorine gas at 0°. To this was added 1.0 g (2.36 mmole)
of 3,3'—dibromo—l;l'—biadamantane; The solution was worked up after 1
minute to yield a light yellow solid which was eluted down a short alumina
column with pentane to yield 0.67 g (85%) of a white solid.The mass spectrum
showed the presence of a bromo-—chloro compound in addition to the desired
dichloride.

Elution down a larger alumina column with pentane yielded a white solid
which was recrystallized ffom pentane to yield white crystals. mp 198.5 - 200°.
MS - 340(2), 338(s), 303(1), 177(50), 169(28), 135(50), 134(80), 133(39),

121(43), 119(43), 107(66), 105(62), 91(100)

IR (RBr) - 1450(m), 1342(m), 1325(m), 1305(m), 1240(w), 1165(x), 1130(w),
1102(w), 1025(s), 985(w), 955(m); 830(5)” 810 (w) 768(s)“ 705(s)
"NMR (CSZ) - unresolved doublet 1. 51 (8H) H2, s1nglet 1. 60 (4n), H5 H
singlet, 1. 87 (4H) Hl, s1ng1et 2 00 (8H), H3, broad singlet, 2.17,

4, H,.

High Resolution MS - C,oHy5CL, calculated 338.1508
found 338.1480

The reaction of bridgehead halides with FeCT3 in CS2 was found to be
rapid on a small scale but increasing amounts of FeCl3 and reaction times

were required on a larger scale. 1In all cases the bridgehead halide was
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dissolved in 20 ml of CS2 and the FeCl., added to the solution.

3

" 1-Haloadamarntanes

To a solution of 80 mg of l-iodoadamantane in 20 ml of 082 was added
200 mg of FeCl3. The solution turned dark purple immediately and glc
showed 1 peak, l-chloroadamantane. The same reaction was repeated with
50 mg of 1-bromoadamantane and 160 mg of FeClg. The solution turned dark

orangs immediately and glc showed l-chloroadamantane to be the only product.

" 1.3-Dihaloadamantanes

To a solution of 60 mg of 1,3-diiodoadamantane in 20 ml of CS2 was
added 200 mg of FeC13.’ The solution turned dark purple immediately and the
corresponding dichloride was the only product by glc. The same reaction

was repeated with 40 mg of l,3—dibromoadamantane and 160 mg of FeCl Aftef

3'
1 hour the orange solution consisted of 70% 1,3-dichloroadamantane and 30%
l1-bromo-3-chloroadamantane. No change in the ratios occurred over long

reaction times.

©'1,3,5-Trihaloadamartanes

To a solution of 50 mg of 1,3,5-triiodoadamantane in 20 ml of CSZ-was

added 100 mg of FeCl3. The solution turned purple gradﬁally over a period

of 1 hour.
cl, CL,I c1I, I,
4 hours - - , 1 1
22 hours ' 2 1 - -
34 hours only peak - - -

The same reaction was repeated with 40 mg of the tribromide and 150

mg of FeCl Cl Cl,Br ClBr Br

3 3 2 2 3
18 hours - 1 ' 2 3
40 hours - ‘1.5 2 2

60 hours - 2 3 1
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The same reaction was repeated with 200 mg (.54 mmole) of the

tribromide and 840 mg (5 mmoles) of FeCl3 in 35 ml of refluxing CS

Cl3 ClzBr ClBr2 Br3 ?
70 min. 4 4 1
150 min, 3 3 1 -
270 min, 1 - -
300 min. only product - - -

The trichloride was isolated in 82% yield.
The FeCl3 reaction was also performed with 1,4-diiodobicyclo[2.2.1)-
heptane. A solution of 170 mg (.5 mmole) of the diiodide with 840 mg

(5 mmole) of FeCl3 was stirred under reflux for 45 hours in 30 ml of CSZ'

The only peak by glc was the corresponding dichloride which was isolated

in 757 yield.

" "1-Todoadamantane

r (3552 :[.

The catalyst was prepared by Heating 900 mg.(3:5 mmole) of iodine
with 380 mg (14;0 mmole) of aluminum foil in 35 ml of cs, for 45 minutes
(original purple colour had been replaced by a light.pink); The solution was
cooled to room temperature and 1;0 g (4:7 mmole) of l-bromoadamantane was
added. The reaction was quenched after 2 minutes by the addition of aqueous
sodium bisulfite, pentane added and the layers separated. The organic
phase was washed with aqueous sodium carbonate; water and dried over
magnesium sulfate. Evaporation yielded sticky orange crystals which showed
one peak bv glc (125(45v4lg—9 250; t = 8,7 min.) Elution down a short
alumina column with pentane yielded 0.90 (73%) of white crystals; mp 74 -

8

75.5° (118 75 - 74°)
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MS - 262(trace), 135(84), 107(14), 105(19), 93(58), 92(23), 91(48),
79(100); 77(61)

IR - 1460(s), 1348(m), 1290(s), 1105(m), 1028(s), 980(w), 950(m), 670(m)

NMR {CSZ) - unresolved doublet, 2.62, (6H),13 ; broad singlet, 1.92, (3H),
¥ ; unresolved doublet, 1.88, (6H), d .

‘2-Todoadamantane

&y — &
-/

The catalyst was prepared as before from 270 mg (10 mmole) of

aluminum foil with 850 mg (3.35 mmole) of iodine in 35 ml of CS After

9+
cooling to 0° in an ice bath, 1.0 g (4.7>mmole) of 2-bromoadamantane
(Aldrich) was added with stirring. The reaction was quenched after 2
minutes and worked up as before to yield a light yellow oil. (one peak
by gle 125(4) =55  250°, ¢ = 10.1 min.) Elution with 30-60 petroleum
ether down a short alumina column yielded 1.14 g (95%) of fluffy white
crystals, mp 47 - 48° (lit28 46 - 48°) ‘

IR (CS,) - 1350(w), 1278(s), 1220(m), 1162(s), 1105(s), 1068(w), 1045(m),
1032 (w), 988(w), 970(m), 958(w), 908(s), 820(m), 770(w), 720(s)

"NMR (CSZ) - multiplet, 4.84, (2H); multiplets, 1.58 - 2.50, (14H)
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§

i X
N BS
_ 7/
Br r I il
B.

The catalyst was prepared'as before froﬁ 550 mg (20.4 mmole) of

aluminum foil and 1 3 g (5. l mmole) of iodine in 35 ml of C82 After
cooling to room temﬂerature, 1 0 g (3. 4 mmole) of 1 3 dibromoadamantane
was added with stirring. , The reaction was quenched after 8 minutes and -
worked up as before to yield an orange solid which consisted of one peak
by glc (2000; t =11.2 min:) Recrystallization from hexane yielded 1.04 g

302 110 - 1119

(78/) of white crystals, mp 110 - 111° (1it

MS - 388(trace), 261(100), 134(55), 133(40), 127(13), 119(14), 105(27),
91(56), 79(37), 77(35)

IR - 1455(s), 1338(m), 1316(s), 1284(s), 1238(m), 1144(w), 1105(w),

1018(s), 990(5); 955(s), 942 (), 785(sb)

‘NMR - 51ng1et 3.26, (2H), B 3 unresolyed doublet, 2.60, (8H), ;38

31nglet l 92 (AH), ¥+ -

e
\ >

Br r “ I

PRS

The catalyst was prepared as before from 560 mg (20.8 mmole) of
aluminum foil and 1.3 g (5.2 mmole) of iodine in 35 ml of CSZ' After
cooling to room temperature, 1.0 g (2.68 mmole) of 1,3,5-tribromoadamantane

was added. The reaction was quenched after 20 min. and worked up as before
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to yield 1;17 g (85%) of light yellow crystals (from benzene); mp 125 - 127°,
MS - 516(trace), 387(100), 261(6), 260(8), 133(51), 132(17), 105(17),

91(42), 79(13) |
IR - 1455(s), 1320(m); 1302(s), 1280(m), 1218(m)“ 1055(s), 955(m), 685(sb)
--NMR (Cs,) - singlet, 3. 23 (6H) ;yzg doublet J=3 Hz, 2. 58, (6H) ;355

multiplet, J = 3 Hz, 1, 97 (1H) 2{

) ‘Analz's'is C10H13I3 o 'C " 'H o 'I. .
calculated 23,37 2.55 74.08
found 23,14 2.58 73.88

1,3,5,7-Tetraiodoadzmantane

1"

NV

The catalyst was prepared as before from 380 mg (14“1 mmole) of

 aluminum foil with 895 mg (3.52 mmole) of iodine in 35 ml of CS,. After

cooling to room temperature, 1 0 g (1 56 mmole) of 1 3 5 7~-tetrabromoadaman—~

tane was added The reaction was quenched after 30 minutes and worked up

as before to yield 1:22'g (86%) of a light brown powder insoluble in most

solvents: Recrystallization from either toluene or pyridine yielded white

needles, mp > 330° (1it>%370%) |

MS - 640(trace), SL3(trace), 286(96), 285(94), 131(50), 130(39), 129(32),
116(28), 115(36), 91(100)

IR (05 - 1420(0), 1310(s), 1200(m), 980(m), 832(s), 705(w), 692(sb)

' NMR (CS ) - 81nglet 3 18 (12H)
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1, 3—'Dimethyl—‘S-‘-iodOadamantan

Br -I "
— M
CH H C H3 CH3

3 3 H:

The catalyst was prepared as before from 980 mg (3.86 mmole) of iodine
and 275 mg (11.8 mmole) of aluminum foil in 30 ml of CSZ; After cooling to
room temperature; 1.25 ¢ (5:15 mmole) of l;bromo;B;S“—dimethyladamantane
was added with stirring. The reaction was quenched after 2 minutes and
worked up as before to yie1d>a yellow 0il which consisted of one peak by
gle (125(4).;§Z—9 2000; t = 7:6 min.) Distillation yielded a light pink
liquid, 0.92 g (62%Z), bp 76 - 780'(0:34.mm): Glc provided an analytical
sample.

MS - 290(trace);'163(100),'107(60); 93(14); 91(14)“

IR - 1450(s), 1370(w), 1350(w), 1316(m), 1280(m), 1240(m), 1170(s),
970(m), 932(w) , 918(m) , 890(s) , 695w, , 668(m)

"NMR (CSZ) - doublet, J = 3 Hz, 2. 38 (ZH) HS’ 31ng1et 2 22 (4H) H3,
" multiplet, J = 3.5 Hz, 1.94, (1), H,; doublet, 3 = 3 Hz, 1.45, (4H),

2, 31ng1et 1. 27, (ZH), Hl; singlet, 0;84, (6H), —CH3.
"Analvsis - CIZH19I : "'g T H
calculated 49,67 6.60

found 49,43 6.79
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1,3-Diiodo=5, 7-‘dimethy1adamantan

‘ Br
CH‘H3 é

The catalyst was prepared as before from 310 mg (11.4 mmole) of

aluminum foil and 860 mg (3.4 mmole) of iodine in 35 ml of CSZ' After
cooling to Oo 750 mg (2.28 mmole) of 1,3- dibromo- 5 7 dlmethyladamantane
was added with stlrring. The reaction was stopped after 2 minutes and
worked up as before to yield a yellow solid which showed one peak by

gle (20002) =25 250°, t = 4.4 min. SM =2.9 min.) Elution with
pentane down a short alumina column yielded 820 mg (86%) of white crystals

30b 402 - 103%

mp 101.5 - 102.5° (1lit
"gs - 289(100), 161(18), 160(15), 119(10), 107(14),'106(12); 105(10), 91(8)
"lg - 1455(3), 1375(w), l343(w), 1330(w), 1308(s), 1222(m); 1162(m), 1118(m),
935(w), 920(w), 890(5)' 695(s)

"Eﬁé (CSZ) - singlet” 3H07A (2H) H3, singlet 2. 25 (8H); Hz; singlet; 1.37,
(2n), Hl, singlet, ‘0. 87 aus, - 3

"3 3 —Dilodo—l 1'-b1adamantane

Hs

Br 2 T 2

H,

The catalyst was prepared as before from 110 mg (4.0 mmole) of
aluminum foil and 380 mg (1.5 mmole) of iodine in 40 ml of CSZ‘ After
cooling to 00, 428 mg (1.0 mmole) of 3,3'-dibromo-2,1'-biadamantane was

added with stirring. The reaction was quenched after 2 min. and worked up
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as before to yield a dark brown solid: Elution with pentane down an
alumina column yielded 395 mg (76%) of a light yellow solid. Sublimation
and recrystallization from pentane yielded a fine white powder.

mp 235 - 237.5°

MS - 522(2), 395(31), 268(46), 135(100)

IR (KBr) - 1462(w), 1440(m), 1338(m), 1320(m), 1302 (m), 1230(m), 1128(w),
1100(m), 1018(s), 980(m), 940(s), 890(w), 805(s), 758(s), 672(s)

"ﬁﬂg (CSZ) - un?esolved doublet; 1:65; (éH); Hy3 multiplet,-1.72; (s4H),

HS; broad singlet; 2.01; n), H,3 singlet;'2;38, (4H); Hys unresolved
doublet, 2.48; (84), H3

" 'High Resolution MS - C20H2812 v calculated 522.2548

found 522.2552

" 1<Todoadamantane

1"

v

1

The catalyst was prepared as before from 190Amg (0.75 mmole) of iodine
and 100 mng (3:7 mmole) of aluminum foil in 40 ml of CS,. After cooling
to 00; 154 mg (1;0 mmole) of the fluoride was added. The reaction was
quenched after 1 minute and worked up to yield an orange solid. Elution

with petroleum ether down an alumina column yielded 220 mg (85%) of a white

solid identical in all respects to l-iodoadamantane.
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“O%“‘

The procedure of Nonhebel was followed To a 3 necked 1 litre

flask equipped with mechanical stirrer, condenser and drying tube was
placed 17.8 g (100 mmole) of anthracene with 27.2 g (202 mmole) of anhydrous

CuCl2 and 500 ml of CCl The solution was stirred under reflux for 23

4°
hours at which time glc showed a 607 reaction: An additional 10.0 g of
CuCl2 was added and the solution refluxed for 5 hours. The dark yellow
solution was filtered and evaporated to yield a dark brown solid.
Recrystallization from petroleum ether (30-60) yiclded 14;7 g (70%Z) of

141

long yellow needles, mp 103 - 105° (1lit 104 - 106°)

“Triptxcene

A modified procedure of Friedman89 was used., A solution of 10.0 g
(73 mmoles)of anthranilic acid in 50 ml of acetone was added dropwise to a
refluxing solution of 7.0 g (44 mmoles) of anthracene and 9.3 g (79 mmoles)

of i-amyl nitrite in 100 ml of CH,Cl,. The addition required 2% hours, at

2
the end of which the solution was washed with 5 x 75 ml of 107 HC1l and

dried over MgSO Evaporation yilded a thick black oil which was dissolved

4.
in 100 ml of xylene. To this was added 5.0 g of maleic anhydride and the

solution was stirred under reflux for 30 minutes. The cooled solution was
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poured in H20 and CH2012 was added; The organic phase was washed with

5 x 75 ml of 10% KOH and dried over MgSOA: Evaporation of most of the
solution yielded a dark oil which was frozen in a dyry ice/acetone bath
and filtered to yield a dark brown solid. This solid was placed on a
long alumina column and eluted with petroleum ether (30—60); A total of
3.49 g (32%) of a fluffy white solid were isolated by this method.

9

mp 251 - 252° (1157 253 - 254°)

NMR (CDCL,) - multiplets, 7.37, (6H); multiplets, 7.00, (6H); singlet,
5.42, (2H)

‘ '9-Chlorotrip£jcéné .
. 9
Cl
QO O‘QQ

The same procedure was used as for the preparation of triptycene89

using 10:0 g (73 mmole)of anthranilicacid;'9.3 g (44 mmole) of 9-chloro-
anthracene, and 9.3 g (79 mmole) of iramyl nitrite. After washing with

10% HCl the evaporated solid was dissolved in 50 ml of xylene and refluxed
for 30 min. with 2.0 g of maleic anhydride. CH2012 was added to the

cooled solution and the organic phase washed with 4 x 100 ml ofvloz KOH,
Evaporation of the dried solution yielded a black oil which was eluted with
petroleum ether (30-60) down an alumina column. The first few fractions
yielded 900 mg (10%) of residual starting material. Fﬁrther elution with
5% ether-pet ether yielded triptycene plus 9-chlorotriptycene, then finally

4.7 g (37%) of a light yellow solid which was > 95% 9-chlorotriptycene
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by glc. Recrystallization from cyclohexane yielded light yellow cubes.

mp 227 - 229° (11e1*2 228 - 229°)

" 'NMR (CDCl3) - multiplet, 7.75, (3H); multiplet, 7.40, (3H); multiplet

7.05, (6H); singlet, 5.42, (1H)

The éatalyst for iodine exchange was prebared as before from
aluminum foil and'iodine in cyclohexane;'n;octane; decalin and xylene;
The 9-chlorotriptycene was added and the'solﬁtions refluxed for 4 da&s.
The reactions in éyclohexane; octane and xylene showed no change by
glc and the 9-chloride was isolated in > 90% yields: No triptycene could
be seen by glc. The reaction in decalin showed peaks at shorter retention .
time than 9-chlorotriptycene or triptycene. Column chromatography on
alumina yielded 9-chlorotriptycene plus a small amount of a yellow oil
believed to be a result of reaction of the solvent since nmr indicated
that there were no aromatic hydrogen atoms.

" 2,2-Dichloroaddmantane

Cl
Cli

') P(‘IS 7\
PCl,

The procedure of McKervey was followed34. To a solution of 5.0 g

(33.3 mmole) of adamantanone (Aldrich) in 10 ml (15.7 g, 115 mmole) of

PCl3 at 0° was added portionwise 9.2 g (43.0 mmole) of PCl_ over a period

5

of 1 hour. The yellow solution was warmed to room temperature and stirred
overnight. The solution was poured into ice water and washed with

chloroform. The organic layer was washed with water and dried over MgSOa.
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Evaporation yielded a light yellow solid which was recrystallized from
petroleum ether (30 - 60) to yield 5.80 g (85%) of long colourless needles.

4 903 = 2049).

Mp 202 - 203° (lit>

MS - 206(6), 204(3), 171(58), 170(53), 169(100), 168(98), 166(23), 133(77)
91(100) '

IR - 1460(wsh), 1445(s), 1345(m), 1330(w), 1265(m), 1214(w), 1095(m), 1062(w),
1045(w), 1038(m), 958(s), 945(w), 907(s), 843(sb)

NMR (CCl4) - broad singlet; 1.84, (8H); singlet;‘2:40; (4H) ; singlet, 2.53,

(2m)

'2,2-Dibromoadamantan

@) pRp N
fBEBJ V4
s

-
Br

The procedure of McKervev was followedsa. To a solution of 2.5 g
(16.7 mmole) of adamantanone in 10 ml of PBr3 at 0° was added in small

portions 7.5 g (17.4 mmole) of PBrS over a period of 1 hour. The orange
solution was worked up the same as for the gem dichloride to yield a dark
yellow solid. This was recrystallized from 30-60 petroleum ether to yield
4.2 g (86%) of white needles (darkened on exposure to light, liberating

4 162 - 1639

HBr gas). Mp 161 - 162° (lit3

MS - no parent, 215/100), 213(100), 150(23), 134(14), 133(55), 91(41)

IR - 1470(w), 1448(s), 1343(w), 1300(w), 1260(m), 1208(w), 1092(s), 1060(w)
1037(w), 957(s), 944(w), 898(s)

‘NMR - broad singlet, 1.93, (8H); singlet, 2.58, (4H); singlet, 2.77, (2H)
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Rearrangemerit of 2,2-Dichloroadamantane-

| r
+
CJ AU__EﬁiT? E3F
C52

The catalyst was prepared as before from 200 mg (7;4 mmole) of
aluminum foil and 164 ml (3.0 mmole) of bromine in 40 ml of refluxing CSZ'
The solution was cooled to -50° after 1 Hour and 410 mg (2.0 mmole) of
2,2-dichloroadamantane was added with stirring. The reaction was worked
up as before after 1 minute to yield a light orange solid which consisted
of three peaks in the ratio of 1:2:4 by glc analysis. Preparative glc
yielded the pure components. The firét two compounds were shown to be the
gem dichloride and gem dibromide by comparison with authentic samples.
The major product was found “to be gyn-1,4-dibromoadamantane.

3

Mp 108 - 109° (1it33 109 - 110°)

S - parent(trace), 215(100), 213(100), 134(7), 133(35), 105(11), 91(19)
VIR - 1465(w), 1445(m), 1342(m), 1325(w), 1300(w), 1285(m), 1250(m), 1188(w),
1180(w), 1100(m), 1028(w), 1020(s), 975(w), 942(m), 922(m)
NMR (CC14) - multiplets, 1.85 - 2;40;.(11H); doublet; J = 12 Hz, 2.95,
(2H) ; singlet; 4:46; (1)
Tﬁe above reaction was repeated using 4;6 mmole of bromine to prepare

the catalyst. The exchange was done at room temperature to yield the syn-

1,4-dibromide with only a trace of the gem dibromide.



- 164 -

CIvH
|
< CH3No2

To a solution of 1.0 g (4.88 mmole) of 2,2-dichloroadamantane in 40

ml of spectrograde CH was added ‘5.3 g (39.6 mmole) of anhydrous AlCl

30 3

The solution was allowed to stir for 3 hours at room temperature, then

poured into ice water. Carbon tetrachloride was added and the layers

separated. The organic phase was washed with water and dried over MgSOa.
Evaporation yielded a yellow o0il which was shown to consist of 3 components

by glc in the relative ratio of 2:8:1. (100(2) ——> 200°, t = 12.6,
13.2 and 14.7 min.) Elution down an alumina column with petroleum ether
(30-60) yielded the three components which were further purified by
preparative glc.

The first component proved to be gggi-l;4—dichloroadamantane.

33

Mp 130 - 131° (1it”” 131.5 - 133.5°)

[

— 206(4), 204(8), 171(31), 169(100), 133(14), 113(5), 105(5), 91(16)

-
7=

- 1465(wsh), 1445(s), 1360(w), 1340(m), 1335(m), 1280(w), 1220(m),
1100(m), 1025(s), 970(w), 942(m), 922(m)

NMR (CC14) - singlet, 4.24, (1H); multiplets, 1720 - 2.20, (13H)

The méjor product was found to be §yg-1,4-dichloroadémantane,

33 157 - 1599

mp 162 - 163° (lit
S - 206(3), 204(5), 171(32), 169(100), 133(18), 113(6), 105(6), 91(17)
IR - 1465(wsh), 1440(s), 1340(m), 1330(wsh), 1295(m), 1280(w), 1260(m),
1210(w); 1098(m); 1025(3); 970(w); 943(m); 920(s), 835(3); 777 (mb)

" NMR (cC1,) - broad singlet, 4.11, (1H); multiplets, 1.30 - 2.70, (11H);
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doublet, J = 12 Hz;.2.65, (n)
The minor product was found to be 1;4;A—trichloroadamantane, mp 153 -
154° (11633 152 - 153°%)
MS - 242(5), 240(6), 238(7), 205(68), 203(100), 170(7), 168(21), 131(21),
125(11), 113(19), 91(23)
IR - 1470(wsh), 1433(s), 1342(m), 1282(w), 1180(w), 1098(m), 1065(w),
1040(wsh), 1028(s), 972(m), 944(s), 925(s), 850(s), 835(sb)
" 'NMR (CC14) - multiplets, 1.70 - 2.90; (13H)

'Prothdamantan4440ne35

e 5 D)

To a solution of 10.1 g (66.5 mmole) of l-adamantanol in 200 ml of

reagent benzene was added 32.6 g (73.6 mmole) of lead tetraacetate and
18.6 g (73.6 mmole) of iodine; The dark purple solution was stirred at
70° for 2 hours. The solution was filtered into an aqueous sodium bisulfite
solution with stirring. The organic phase was then washed with aqueous

sodium carbonate, water and dried over MgSO4. Evaporation yielded the

7—iodomethy1bicyclo[3;3;1Jnonan-3—one as a dark oil,
IR (crude) - 1715(s) |
NMR (CC14) - doublet, J = 7 Hz, 2.92, (2H), -CH,I; multiplet, 0.90 -

2.40, (13H)

The crude oil was immediately dissolved in 20 ml of pyridine and
stirred at 70° fdr 1% hours: The purple solution was poured into ice water/
pet ether and the layers separated. The organic layer was washed with

aqueous sodium bisulfite, aqueous sodium carbonate, and water, then dried
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over MgSOA. Evaporation yielded a light yellow solid which was eluted

with petroleum ether (30-60) down an alumina column to yield 5.2 g (52%)
5

of white crystals, mp 208 - 209° (it 210 - 212%)
s - 150(100), 108(18), 107(18), 106(14), 97(56), 80(32), 79(32),
68(15), 67(23), 66(33)
‘IR - 1720(s)
" 'NMR (CCl4) - broad multiplet, 2.67; (2H) ; broad singlet; 2.35, (4H); broad

singlet, 1.88, (4H); singlet, 1.70, (4H)

" Chlorination of 'PrOtoadamantan-'-l;-'-One%

To a solution of 2.0 g (13.3 mmole) of protoadamantan-4-one in

10 ml of PCl; in a 25 ml 3-necked flask equipped with condenser and
drying tube at 0° was added 4.0 g (19.2 mmole) of PCl5 in portions over
a period of 1 hour. The solution was allowed to warm to room temperature
and stirred overnight. The reaction mixture was poured into ice water,
petroleum ether (30 - 60) added and the layers separated. The organic
phase was washed with water and dried over MgSOa. Evaporation yielded a
yellow oil which consisfed of 3 components by glc (0V-17 100(2) ¥lg—>
200°, t = 7.4, 10.3, 11.8 min.) in the ratio of 63:13:24.

The compounds were isolated by preparative glc.

The first component was shown to be 4-chloroprotoadamantene

(colourless oil).

M5 - 170(16), 168(47), 133(81), 126(37), 113(32), 91(100)
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IR - 1630(s), 1465(w); 1445(m), 1340(w); 1320(s); 1290(w); 1092(w),>1060(w)
1020(s), 950(w), 942(m), 905(m), 855(w)

" NMR (C(_:14) - multiplet; '1‘.4 - 1.8; (8H); multiplet, 2.2 - 2.6, (4H) 3
multiplet, J = 8 Hz; J =2 Hz; 6:15; (1H)
fhe minor component was assigned as 4,4-dichloroprotoadamantane,

mp 98 - 99.5°,

MS - 206(5), 204(9), 171(33), 169(100), 133(24), 113(13), 91(28)

IR - 1455(5), 1340(w), 1322(w), 1308(m), 1180(m), 1162(w), 1105(w), 1062 (m)

1045(w); 1020(m); 980(sb); 955(3); 917(3);_892(3); 878(5); 840(m), 670(s)

MMR (CCl,) - multiplets, 1.40 - 3.10, (14H)

Analysis - C;H,,CL, . CH
calculated 58.55 6.88
found 58.36 7.04

The third component was shown to be 1;2—dichloroadamantane, mp 179 -

181° (11¢° 178 - 180°, 4183 - 185°)

MS - 206(3), 204(6), 171(33), 169(100), 133(17), 113(8), 91(17),

IR - 1450(s), 1340(m), 1284(m), 1222(w), 1100(m), 1032(s), 972(mb),
955(w), 852(s), 700(mb)

" 'NMR (CCla) - multiplets, 1.4 - 2.75; (13H); broad singlet, 4.25; (1H)

The above reaction was repeated with 1.5 g (10.0 mmole) of proto-
adamantan-4-one to yield a light yellow oil confainiﬁg the same three
products. This oil was placed in 50 ml of concentrated HCl and stirred under
reflux for 30 hours. The white solid that was in the condenser was washed
out with CHCl3 and added to the washing of the acid solution. The organic
phase was washed with water and dried; Evaporation yielded a yeliow solid
which was eluted with pentane down a short alumina column to yield 1.08 g
(53%) of 1,2-dichloroadamantane which was identical in all respects to the

material collected by glc above.
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'1,2-Dibromoadamantane - -

O
Pgr3 > Br
=
EBrEr_ -

The procedure of McKervey was followed36£ To a solution of 710 mg
(4.72 mmole) of protoadamantan-4-one in 10 ml of PBr3 at 0° was added
portionwise over a period of 1 hour 2,50 g (5;22 mmole) of PBrS. The
yellow solution was warmed to room temperature and allowed to stir for 48
hours. The orange oil was poured into ice water and worked up as above to
yield a yellow solid. Ihis was recrystallized from 30-60 petroleum ether

6 122 - 1239

to yield 0.64 g (51%) of colourless plates; mp 120 - 121° (lit3

MS - 294(2), 292(2), 215(100), 213(100), 133(26), 105(9), 91(29)

IR - 1460(w), 1443(s), 1356(w), 1345(m), 1308(w), 1283(m), 1260(w), 1208(w),
1190(m), 1100(m), 1024(s), 970(m), 960(m), 950(m), 932(w), 925(w),680(s)

" 'NMR (CCl4) - multiplets, 1.60 - 3.05, (13H); broad singlet, 4.46, (1H)

Halogen Exchange on '1,2-Dichloroadamantane

Cl Al T
| (:552 : :I

The catalyst was prepared as before from 100 mg (3.7 mmole) of
aluminum foil and 382 mg (1.50 mmole) of iodine in 30 ml of CSZ' After
refluxing for 45 min. the solution was cooled to -50° in a pry Ice/iso-
propanol bath and 205 mg (1 mmole) of the 1;2-dichloride added. The reaction
was worked up as before after 15 min. (glc indicated that starting material

was all gone after 30 seconds) to yield 405 mg of an orange solid. Elution
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with petroleum ether (30-60) down an alumina column yielded 320 mg
(82%) of a white solid which was recrystallized from pentane; mp 107 -
108.5° (1it>’ 106 - 108%) "
MS - 388(6), 261(100), 216(3), 214(4), 134(20), 133(17), 105(6), 91(10)
IR - 1460(w), 1440(s), 1350(w), 1338(m), 1302(w), 1280(m), 1257(m),
1200(w), 1172(m), 1145(m), 1100(m), 1020(s), 972(m), 955(m), 945(m)
922(m), 665(s)
NMR (CClA) - multiplets, '1.64 - 3,16, (13H); singlet; 4.98, (1H)
The same reaction was repeated using bromine to yield a 78% yield of
1,2-dibromoadamantane, identical to ghat produced by the bromination of

protoadamantan-4-one.

‘Chlorine Exchange on 2,2-Dibromoadamantane

ClNeH HYCi
Br
Br _AI_C:Jﬁ .'_

CHCI3 |

—

The catalyst was prepared as before from 300 mg (11.1 mmole) of
aiuminum foil in 45 ml of CHCl3 at 0° with chlorine gas being passed through
the solution. The mixture was warmed toroom-tempergtureand a small crystal
of iodine added. After the exothermic reaction which consumed most of the
aluminum foil had ceased the black solution was cooled to 0° and 300 mg
- (1.02 mmole) of the 2,2-dibromide added. The reaction was worked up as
before after 1 minute to yield an orange solid; Elution down.a short
alumina column with petroleum ether (30-60) yielded 180 mg (87%) of a
white solid which was shown (by nmr) to consist of anti-1,4-dichloroadamantane

(19%) and syn-1,4-dichloroadamantane (81%).

-
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‘Todine Excharnge on 1,4-Dichloroadamantane
) HYI

ATy

C:S%B J:

The catalyst was prepared as before from 200 mg (7:4 mmole) of aluminum
foil and 380 mg (1:5 mmole) of iodine in 40 ml of CSz; The active catalyst
solution was cooled to 0° and 160 mg'(0;78 mmole) of a 80:20 mixture of
syn and gg;;—l;3—dichloroadamantane was added. The reaction was worked up
as before after 2 minutes to yield a dark oil which consisted of 1 peak by
glc., Elution down a short alumina column with pentane yiélded 220 mg (73%)
of a light yellow solid which was recrystallized from pentane; mp 101 -
102.5°.

MS - 388(trace), 261(100), 216(6), 214(7), 134(19), 133(18), 105(6), 91(12)
IR - 1470(w), 1442(s), 1340(m), 1322(w), 1298(w), 1282(s), 1242(m).

1154(s), 1100(m), 1018(s), 967(w), 834(m), 915(s)

" NMR (CC14) - multiplets, 2.02 - 2.64; (11H) ; doublet, J = 12 Hz, 3.20, (2H);
singlet, 4.84'; (1H) Tret 143

There was no evidence by glc or nmr for any of the anti-1,4-diiodide.

Iodlne Exchange on 2 2—D1chloroadamantane

I

H
I N
-/

I

The catalyst was prepared as before using 200 mg (7 4 mmole) of aluminum
foil and 720 mg (3. 0 mmole) of iodine in 30 ml of CS2 The active catalyst

system was cooled to -50° in an isopropanol/Dry Ice bath and 410 mg (2.0 mmole)
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of the 2,2-dichloride added. The reaction was quenched after 1 minute
to yield a light pink solution which showed two peaks by glc. Evaporation
yielded a dark orange~oi1 which was purified by tlec (silica gel with
30-60 pet ether). Two major bands were separated and the components
isolated by washing witﬁ chloroform. The first band yielded almost pure
adamantanone (the CHCl3 solution was dark purple). The second fraction
consisted of mainly syn-1,4-diiodoadamantane yith a small amount of
2-iodoadamantane.

The above reaction was repeated but this time the crude product was
purified by column chromatography (alumina). Again; before chromatography
only the two diiodide isomers were present but upon separation only the
1,4~diiodide was isolated along with 2-iodoadamantane and adamantanone.

The supposed gem diiodide present in the crude material could not be

isolated as in the case of the bromine exchange reaction.

&=l

To a solution of 1.0 g (2.53 mmole) of 1,3-diiodoadamantane in 50 ml

of spectrograde CCl4 in a 3-necked flask shielded from the light with
aluminum foil at 0° was added 130 42(2.58 mmole) of iodine monochloride47.

The solution became dark purple and was followed by glc. An additional 4%/41-
of ICl was added after 1 hour; The reaction mixture was poured into ice
water after 2 hours and shaken with aqueous sodium bisulfite. The organic
phase was washed with aqueous sodium carbonate; water and dried over MgSOA.
Glc showed two peaks of equal intensity (0V—l7 125(25-4l§—9 2500; t =

5.2 and 7.8 min.). Evaporation yielded 0.92 g of a sticky yellow solid
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which was collected by glc to yield 160 mg of the l;3—dichloroadamantane
and 190 mg of l-chloro-3-iodoadamantane. The dichloride was identical in
all respects to an authentic sample.
The chloroiodide had the following properties: mp 59.5 - 61°
MS - 296(trace), 171(33), 169(100), 133(25), 113(10), 105(7), 93(10), 91(16)
IR - 1452(s), 1338(s), 1318(s); 1285(s), 1262(w); 1246(w), 1145(w), 1103(m),
1022(s), 998(m), 958(s), 940(m), 840(s), 708(s)

‘MMR - (C6H6) - unresolved triplet, 1.13, (2H), H_; broad singlet, 1.42,

5;
(28), H4; unresolved doublet, "1.80, (4H), H3; unresolved doublet,

2.08, (4H), H,; singlet, 2.76, (2H), H1

‘Analysis - C10H14ClI o C " 'H
calculated 40.50 4.76
found 40.71 4.74

'1;4-Dichlorobicyclof2.2.1} 'eptaneg-

To a solution of 11,27 g (48.5 ﬁmole) of crude 1,2,3,4—tetraéhloro-

bicyclo[?.Z.i}hept—Z—ene* in 150 ml of absolute ethanol was added 200 mg pf
107 Pd/C with 20.2 g (200 mmale) of triethylamine. This solution was

shaken oﬁ a Parr Hydrogenator at 43 psi for 1% hours. The starting material
was totally consuﬁed as shown by glc. The catalyst was filtered off and

- water added. The solution was washed'ﬁell with chloroform and the organic
phase was washed with dilute HCl and water. The dried solution was

evaporated to yield 8.5 g of a yellow solid ﬁhich was shown to consist of the

* Prepared by Dr. J. McKinley in 1971
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1,4-dichloride plus two impurities of longer rentention time in the

relativé ratio of 8:1:1; Elution with petroleum ether (30-60) down an

alunina column yielded 5.5 g (69%) of sticky white crystals which were

recrystallized from pentane to yield white crystals; mp 77 - 78°

11t 78 - 79°)

IR (KBr).— 1450(m), 1312(s), 1264(s), 1240(m); 1210(5); 1010(s), 943(m),
857(s), 760(s)

‘NMR (C6H6) - singlet; 1.90, (2H); AB duartet; i = 8 Hz; 1.50 and 1.83, (8H)

1,4=Diiodobicyclof[2.2.1} heptane

AL T, N
i €S I

The catalyst was prepared as before from 2.8 g (140 mmole) of aluminum
foil and 15.4 g (60.6 mmole) of iodine in 100 ml of carbon disulfide. The
solution was refluxed for 45 minutes then 1.0 g .06 mmole) of 1,4—dichloro-
bicyclo[é.Z.i]heptané was added. The solution was stirréd under reflux for
94 hogrs and then worked up as before to yield a dirty brown solid. Elution
witﬁ petroleum ether (30-60) down an alumina column yielded 960 mg (46%) of
a light yellow solid which was recrystallized from pentane to yield white
crystals, mp 100 - 101° (lit52 101%) |

Further elution yielded 85 mg of a white solid which was: collected by
preparative gle. mp 79 - 80°.
MS - 234(9), 232(20), 230(16), 206(48), 204(100), 202(78), 197(43), 195(46),

170(16); 168(51); 166(54); 160(22); 158(35)
1R (CS,) - 1208(w), 1280(s), 1238(w), 1224(m), 1200(w), 1180(u), 1154 (w),

1120(n), 1092(m), 1074(m), 1038(s), 1014(m), 968(m), 880(w), 862(m),

849(m); 800(w), 736(s)
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MMR (CH) - multiplet, 1.26 - 2.00
36.22 3.07 - 0.00
The rest of the material was a dark; thick oil of long retention

time by glc (at least 3 peaks).

; R I
-/

Ci O I

The catalyst was prepared as before from 1.6 g (60 mmole) of aluminum

foil and 10.02 g (40 mmole) of iodine in 50 ml of reagent cyclohexane.
Affer_stirring under reflux for 40 minutes, 4.5 g (27.2 mmole) of the 1,4-
dichloride was added. The reaction was worked up after refluxing for 12
hours to yield a yellow solid. Elution with petroleum ether (30-60) down

a silica gel column gave a small amount of side products; elution with
diethyl ether yielded 6.5 g (73%) of a white solid which was recrystallized
from pentane, mp 100 - 101°. _

IR (K3r) - 1440(w), 1308(m), 1267(m), 1230(w), 1202(m), 990(s), 825(s),
748(s)

CNMR {C.H,) - singlet, 2.00, (2H); AB quartet, J = 8 Hz, 1.78 and 1.40, (8H)

! NR
-/
Cl ci
The catalyst was prepared as before from’SO'mg of aluminum foil and

chlorine gas at 0° in chloroform. A crystal of iodine was added and the

solution refluxed in an oil bath. To this was added 50 mg of the 1;4—dichlor1de
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and the solution stirred under reflux for 24 hours. Workup as before

yielded a yellow solid identical in all respects to the starting material.

NR
T I

NV

The catalyst was prepared as‘before from 55 mg (Z:O'mmole) of aluminuﬁ
foil and 127 mg (0.5 mmole) of iodine in 40 ml of carbon disulfide. After
stirring for 40 minutes; 50 mg (.144 mole) of the 1;4;diiodide was added
and the solution stirred undgr reflux for 60 hours; Workup as before
yielded a yellow solid which was identical to starting material in all
respects.

© Exo=2-bromobicyclo[2:2. 1} heptane

_HBJ“H | Br

Procedure of Taylor144 was followed; To a solution of 3.2 g (32 mmole)
of norbornene in 40 ml of diethyl ether in a 100 ml 3-necked flask equipped
with condenser and gas inlet tube at 0° was added dry HBr gas for a period
of 1} hours. The solution was warmed to room temperature and allowed to
stir overnight. The reacfion mixture was poured into ice water and extracted
with pentane. The organic layer was washed with aqueous sodium carbonate,
water and dried over magnesium sulfate; Evaporation yielded a light yellow
liquid which was distilled to yield,S;S g (93%) of a colourless oil; bp 45°

4

2.5 m)  11t1% 96 - 97° (45 mm))

MR (CDC1,) - multiplets, 1.00 - 2.50, (10H); multiplet, 3.98, (1H)
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Exo-2-iodobicyelo[2.2:1 heptane

e e

(:Szg

The catalyst was prepared as before from 675 mé (25 mmole) of aluminum
foil and 2.05 g (8 mmole) of iodine in 40 ml of carbon disulfide. The
catalyst was cooled to room temperature and 2,10 g (12 mmole) of 2-bromo-
norbornane added. The reaction was stopped after 15 minutes and worked up

as before to yield an orange oil., Distillation yielded 1.97 g (747) of a

146

light pink liquid, bp 29° (1.8 mm) (Lit™'° 55 - 56° (3.0 mm))

MMR (CDCly) - multiplets, 1.10 -°2.60, (10M); multiplet, 4.00, (1H)

 Separation of cis and trans 4=t=butyleyclohexanoll®’

To an alumina column (1500 g) was placed 32.0 g of commercial cis/trans
(30:70) 4-t-butylcyclohexanol and petroleum ether (30-60) was used as the
elutant; After 14 litres of solvent (250 ml fractions) had been eluted
207% Et20/pet ether was used., After 19 litres pure diethyl ether was used
(fraction #76). At fraction #83 a white solid began appearing (pure cis
alcohol). From here on 100 ml fractions were taken. Fractions #83 to #94
contained 19.8 g of pure trans alcohol while fractions #95 - #100 contained

1.8 g of a mixture of the two alcohols.

OH H
H OH
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Cis _

IR (c<:14) - 3650(w), 3450(w), 1475(m); 1455(m), 1385(w); 1360(m), 1170(w),
1055(s), 1035(w); 980 (w) , 900 (w)

‘NMR (CDC13) - singlet; 0:87, (9H) ; multiplets, 1;2 - 2.0; (9H) ; multiplet,
4,04, (1H)

Trans

IR (cC1,) - 3650(w); 3450(w), 1475(m) , 1455(m); 1385 (w) , 1360(m), 1220(m),
1175(w), 1025(m), 1005(m), 955(s), 905 (w)

"ﬁgg (CDCl3) - singlet; 0;87; (9H) 5 multiplets;'lzo - 2:0; (9H) ; broad

singlet; 3.48;_(1H)

" ‘Bromination of trans 4-t-butvlcévélohexanol

| Hon \N
PBr3© |

To a 3-necked flask equipped with condenser and dropping funnel was

placed 1.56 g (10.0 mmole) of trans 4-t-butylcyclohexanol. The flask was
quled to 60 and tﬁe dropping funnel chafged with 2;98 g (11.0 mmole) of
PBr3 which was added dropwise over a period of 1% h0urs; The solution was
allowed to warm to room temperature and stirred overnight: The reaction was
quenched by the cautious addition of water. Addition of petroleum ether
(30-60) and washing with aquegus sodium carbonate yielded a colourless
solution which was shown by nmr to consist of the 3 and 4-bromo-t-butyl-
cyclohexane isomers plus 4—§—buty1cyclohexene: The relative ratios were
1:4:1 for the olefin; axial bromides; equitorial bromideslas’ 149;

‘NMR (CDC13) - singlet, 5.75, olefin; multiplet, 4.65 - 4.85, axial bromides;

- multiplet, 3.75 - 4,20, equitorial bromides
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‘Chlorination of c¢is/trans- 4=t-butylcyclohexanol

e

To a 3-necked round bottomed flask equipped with condenser and

dropping funnel was added 3.12 g (20:0 mmole) of cis/trans (30:70) 4-t~
butyleyclohexanol. The flask was placed in an oil bath at 80° and the
funnel was chargedwith 2.0 ml (31;0 mmole) of SOClZ. The dropwise addition
took 20 minutes and the solution wasAstirred at 80° for 2 hours. The
solution was cooled to rdom temperature and cautiously added to ice water.
To this was added petroleum ether (30—60); the layers separated, and the
organic phase washed with aqueéus sodium carbonate and water, Evaporation
of the dried solution yielded a yellow oil which was shown by nmr to consist
of >90% 4-t-butylcyclohexene. An analytical sample was obtained by
preparative glc.
IR - 1660(m), 1475(5); 1385(m); 1360(5); 1300(w); 1222(m); 1175(w), 1145(m),
1045¢a), 942(w), 913(m), 876(m), 703(s)
‘NMR (CDCl3) - singlet, 0;87, (9H) ; multiplets, 1.2 - 2;2, (6H) ; singlet,
.5.25; (2H)

‘Chlorination of cis-=4-t-butylcycloheéxanol

O}l--ll : |

In a 2-necked flask equipped with condenser and dropping funnel

containing 2.0 ml (31.0 mmole) of SOCl2 was placed 2 ml of pyridine and
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3.12 g (20.0 mmole) of cis—4—§—buty1cyclohexanol150. The solution was

heated to 80° and the SOCl2 added dropwise over a period of 30 minutes,

The solution was then stirred for 1% hours; The cooled solution was
cautiously added to water and worked up as before. Analysis by nmr showed
the product to consist of the olefin (61%); cis chloride (14%) and the
trans chloride (25%). |

This mixture was placed with 1.0 g of KOH in 30 ml of 95% ethanoi and
stirred under reflux for 16 hourslSI; The cooled mixture was poured into
water and extracted with pentane; Evaporation yieldea a dark brown oil
which was collected by glc to yield 650 mg of the olefin plus 510 mg of
the trans—4-§—butyicyc1ohexylchloride; Further analysis showed that the

chloride contained 7% of the cis isomer as well.

H
Cl

VIR - 1472(m), 1442(m); 1384(n), 1360(s), 1340(w), 1264(m), 1212(m),
1178(m), 1035(w), 998(s), 930(w), 900(m) . 880(a)

- NMR (CC14) - singlet; 0.93; (9H) ; multiplets;’l.o - 2.25; (9H) ; multiplet
3.69, (1H) h

" Chlorination of trans—4'tébutylcyclohexanol

H SOCI—\ \

The above reaction was repeated with the trans alcohol to yield a

yellow oil which contained the olefin (65%) and chloride (35%). Collection
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by glc yielded the cis chloride which was contaminated with 6% of the
trans isomer;
IR - 1475(m), 1440(m), 1385(m), 1360(s), 1310(m), 1260(m), 1210(w), 1175(w)
1024(m), 1000(m), 927(w), 910(m), 862(s), 693(s)
NMR (CC14) - singlet, 0.84, (9H); multiplets;‘l.é - 2.2; (9H) ; multiplet

4.37, (1H)

" 'Chlorination of cis/trans 4=t-butyleyelohexanol -

T O

The above reaction was repeated with the commercial alcohol (30% cis,

70Z trans) to give a light yellow oil which consisted of the olefin (58%)
and the chlorides (42%). Collection by glc yielded the t-butyl chlorides

which consisted of 707 cis and 30% trans by nmr integration.

" ‘Iodine exchange of ¢is/trans~4-t-butylcyclohexylehloride

'Q,;E T
Cs,

The catalyst was prepared as before from.80 mg (3 mmole) of aluminum
foil and 190 mg (0.75 mmole) of iodine in 30 ml of carbon disulfide. After
refluxing for 40 minutes the solution was cooled to room temperature and .
156 mg (0.84 mmole) of the 4~t-butylcyclohexyl chlorides added (70% cis,
30% trans). The reaction was worked up after 2 minutes to yield 220 mg
(94%) of a light yellow oil which darkened (purple) rapidly on exposure to

light. Glc showed one peak (no starting material) and nmr showed it to
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consist'of the two isomeric iodides152 by virtue of the two & hydrogens.
(CCl4 solution) . cis iodide .4;94 (322)
trans iodide 4;04 (687%)

The same reaction was repeated on the pure cis and trans A—E—butyl—v
cyclohexyl chlorides at room temperature and further studies were done at
lower temperatures in Dry Ice solvent baths. . In each case the catalyst
was prepared as before and cooled to the appropriate temperature. The
cyclohexyl chloride was dissolved in carbon disulfide and cooled to the

temperature of the ice bath before addition. Analysis was again made by nmr.

25°
2 min

l

trans 73 27

25°

min

i

cis 5 70 30

© =35
trans 2—;1-51—9 46 54
cis T 35 65
=65 |
cis m 35 65
. _.550
trans l_—9 40 60
ET:EI;-%> 38 _ 62

63 E 41 >
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2-Bromooctane

//\\«/“\v/”\\// PBr, ~ -~ NN
>

OH Br

To a 200 ml 3-necked round bottomed flask equipped with stirring bar
and dropping funnel containing 4.5 ml (13g, 48.0 mmole) of PBr3 was placed
6.0 g (46.0 mmole) of 2-octanol. The flask was immersed in an ice bath at

00

and the ?Br3 added dropwise over a period of 1% hours; The solution
was warmed to room temperature and allowed to stir overnight. The mixture
was then heated at 80° for 1 hour and poured into ice water and extracted
with petroleum ether (30-60).A The organic phase was washed with aqueous
sodium carbonate, water then dried over MgSO4. Distillation yielded 5.0 g

33 76° (18 mm))

(75%) of a colourless liquid; bp 90° (30 mm) , (lit1
The exchange on 2-bromooctane at 25° gave a 857 yield of the corresponding

iodide. |

IR (neat) - 1460(s), 1376(m), 1280(w), 1250(w), 1202(m), 1165(s), 1135(s),

1078(wb), 790(m), 728(m)

NN ALy NN

o{= +0.079 cell constant = 0,744

99,78 mg in 5.0 ml of C82

[};]D =-¥{;i

(+) 100 x 0.079 x .05 x 0.744
- 0.1 x .09978
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E;JD = 429,4° 100% pufe= 44.20 purlty = 606.5%

The catalyst was prepared as before and the reaction was done at fou:
different tempcfatures with approximately 65 mg of the optically active
bromide each time. The product was identical by IR; glc and nmr to that of
_the reaction using racemic material, The reaction in all cases was quenched

after 2 minutes to give an 827 yileld of the corresponding iodide.

" 'Tempeérature - ' "Rotation'of‘lbdide $00% pure
obs corrO ,
25° 0.0° 0.0 éz. 40
0° -2.2° -3.3° )

p i o
-53° -8.7° -13.1
’ o]
~65° -9.8° - 14.7

" Hexabromocyclopentadiene

@ Aprz >\@

C

The catalyst was prepgred from 2.16 g (80 mmole) of aluminum foil and
2.75 ml (8.0 g, 50 mmole) of liquid bromine in 40 ml of carbon disulfide.
After refluxing for 40 minutes the aluminum foil had been torn up to small
pieces and the solution was a light orange. The mixture was cooled to room
temperature and 2.54 g (10.0 mmole) of hexachlorocyclopéntadiene wa; added
with stirring._ The reaction was quenched and worked up as before after 20
minutes to yield 4.7 g (93%) of a dark oil which solidified on standing.
Tle showed one spot (Rf = 0.91, SM = 0.73) on silica gel plates with
petfoleum ether (30-60) as the developing solvent. Recrvstallization from
154

pentane yielded pale yellow crystals, mp 83 ~ 84° (1it 82 - 83%)

‘ j& (CSZ) -~ 1192(s), llSS(w), 1138(w), 1095(m), 910(m), 810(w), 745(s), 715(m)
C:;Br6
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IR (CSZ) of C5C16 -~ 1225(s), 1185(m), 1140(s), lOZé(w)? 978(w), 968(w),
862 (w), 807(s), 710(s), 680(s) ' '

1~Todobutane

ey ATy Y

The catalyst was prepared as before from 640 mg (24 mmole) of :
aluminum foil and 2.0 g (8 mmole) of iodine in 30 ml of carbon disulfide.'
After 40 minutes the solution was cooled to 0° and 930 mg (10 mmolé):of
1-chlorobutane was added. Workup as before after 2 minutes yielded 1.23 g
(68%).of a light pink liquid identical in all respects to authentic |
l—iodobutane. Analysis by nmr showed no trace of the secondary or tertiary
isomers,

" TIodocyclohexane:
4 .

The catalyst was prepared as above frdm 500 mg (18;5 mmole) of éluminum
foil and 2.45 g (9.2 mmole) of iodine in 40 ml of carbon disulfide. After _
stirring under reflux for 40 minutes the solution was cooled to room
temperature and 2.0 g (12.3 mmole) of cyclohexyl bromide was added. WOfkup
as before after 2 minutes yielded 2.04 g (78%) of a colqurless liquid,

23 68° (10 mu))

bp 38° (2.7 mm) (it
IR (CS,) - 1340(m), 1330(m), 1240(s), 1170(s), 1095(s), 1080(w), 1035(w),

1020(m), 992(s), 920(m), B85(s), 870(m), 855(m), 814 (s)

o

"NMR (CSZ) -~ multiplets, 1.20 -~ 2.30, (11H); multiplet, 4.27, (lH’
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Iodine Exchange on Bromobenzene

NR

V

The catalyst was prepared as before from 500 mg (18.5 mmole) of
aluminum foil and 2:54 g (10:0 mmole) of iodine in 40 ml of carbon disulfide.
After refluxing for 40 minutes, 500 mg (3.19 mmole) of bromobenzene was
added. No reaction was observed after 24 hours; so a portion of the solution
was added to a carbon disulfide solﬁtion of l-chloroadamantane, Complete
conversion to iodoadamantane was observed:- The solution was worked up
aftef refluxing for 6 days to yield only étarting materiall

The same was found for the reaction of 1,2-dichlorobenzene and

1-bromonaphthalene -no iodide formation occurred. -

The catalyét was prepared as before from 90 mg (3:9 mmole) of aluminum
foil and 246 mg (0.97 mmole) of iodine in 20 ml of carbon disulfide. Aftef
refluxing for 40 min:; iOO mg (0;43 mmole) of the tetrachloridé was added.
No reaction had occurred after 2 hours so a portion of the mixture was
added to a carbon disulfide solution of l-chloroadamantane. An immediate
100% conversion to l-iodoadamantane occurred: The reéction was worked uﬁ

after 24 hours to yield only residual starting material.
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‘Photochemical Reactions of Bridgehead Halides

A) Using Alcohols as Solvent

V. P

To a quartz tube was added 215 mg (1 mmole) of l-bromoadamantane

with 70 ml of the alcohol being used: The solution was degassed for 10
minutes with L grade nitrogen, a condenser added; and irradiated for
approximately eight to twenty hours. Analysis by glc showed no trace of
starting material with two products, adamantane and the alkoxyadamantane.
With R = CH3— and CHBCHZ— the yields of adamantane were Zi and 19%
respectively.
The solution was washed with aqueous sodium bisulfite; thén petroleum
ether was added and the layers separated. The organic phase was washed
‘with aqueous sodium carbonate, water; and then dried over anhydrous magnesium
sulfate. Preparative glc yielded the pure adamantyl ether. The same
pfocedure was used in the photolysis of 262 mg (1 mmole) of adamantyl iodide.
Here the reaction was much faster and the yield of adamantane in all cases
was less than 57%.
a) R = CHy- | | |
- MS - 166(25), 135(8), 124(5), 109(100), .
VIR - 1442(m), 1340(m), 1300(m), 1200Ge), 1165(m), 1105(s), 1085(s), 1040(a)
890 (m)
"§g3~(C6H6) ~ unresolved triplet;.l.Sl, (6H);.S ; unresolyved doublet; 1.73;

(6H), P 3 broad singlet, 2.00, (3H), ¥ ; singlet, 3.13, (3H), -OCH3
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02

b) R = CH,CH, - mp 16 - 17° (11¢1%% 15 - 15,59

32

M - 180(41), 152(9), 135(22), 134(11), 123(100), 95(53), 79(20)

(IR - 1450(m), 1385(w), 1350(m), 1300(m), 1180(w), 1108(s), 1080(s) ,
1050(m), 975(m), 950(m), 865(m)

NMR (C6H6) - triplet, J = 7 Hz;'l.lS; (3H); —CH3; unresolved triplet, 1.47,
(6H), § ; unresolved doublet;-1.72; (6H) B 3 broad singlet, 1.97,
(30, ¥ ; quartet; J =7 Hz,'3.33; (2H); —OCH2

02

) R = ~CH(cHy), mp 18 - 19° (11792 18,5 _ 19.5%

MS - 194(51), 179(11), 151(28), 137(100), 135(41)

IR - 1465(m), 1375(m), 1360(m), 1350(m), 1300(n), 1170(m), 1120(m), 1105(s),
1075(s), 995(s), 965(w), 935(w), 900 (m)

'NMR (C6H6) - doublet, J =6 Hz,‘l.lO; (6H); —CH3; unresolved triplet, 1.50,
(6H), § ; unresolved doublet,'l;VO, (6H) , B ; broad singlet, 1.97,
(3H), ¥ : multiplet; J =6 Hz, 3.72, (lH); ~0OCH |

d) R = -CH,CH,CH

2CHyCly
MS - 194(70), 137(100), 135(92), 95(70)

(IR - 1450(m), 1350(m),1300(m), 1185(w), 1110(s), 1085(s), 1058(w), 1000(m),
935(w), 905(w)

" 'NMR (C6H6) - triplet, J = 7 Hz, 0.95, (3H), —CH3; unresolved triplet, 1.50,

(6H), § ; unresolved doublet, 1.76, (6H), [3; broad singlet, 2.00,
(3H),% ; multiplet, 1.40 - 1.60, (2H), CHy; triplet, J = 7 Hz, 3.30,

(28), -ocH,

e) R = -CH,CH,OH mp 34 - 35° (11¢l

"ﬁg‘— 196(16), 166(3), 165(5); 139(7); 135(100)

33 35 36°)

CIR - 3450(w), 1453(m), 1395(w), 13600, 1348(m), 1300(m), 1200(w), 1178(u),

1115(sb), 1100(w), 1090(s), 1070(s), 1050(s), 975(m). 945(m), 890(m),

850(wb)



- 188 -

" 'NMR (C6H6) - singlet, '0.93, (1H), -OH; unresolved triplet; 1.50, (6H), S 3
unresolved triplet; 1;65;”(6H);‘B 3 broad singlet; 1:97, (3H);b‘;
multiplet, 3.45;'(4H); —OCHZCHZO- |

f) R = CHZCHZOCH3

NS - 210(100), 153(4), 135(100), 93(20), 80(26)

IR - 1445(m), 1360(w), 1350(m), 1300(m), 1240(w), 1200(m), 1120(sb), 1090(s),
1038(w), 983(m), 960(w), 924(m), 880(w)

CNMR (C6H6) - unresolved triplet;'1:47, (6H);.g ; unresolved doublet, 1.69,
(6H); B ;broad singlet,'1.96; (3H) ¥ singlet;‘3;14; (3H), —OCH3;
multiplet; 3.42; (4H); -OCH,_CH,, 0~

2772
Analysis - C),H,,0, ¢ -
calculated 74,24 10.54
found 74.16 10.60
CH o
g) R = -cZcudcu
\.HZ 3

MS - 208(3), 179(17), 152(4), 135(100)

IR - 1448(m), 1362(m), 1350(m), 1300(w), 1165(w), 1105(sb), 1080(s), 1030(m),
1000(m), 945(w), 880(w)

NMR (C6H6) - triplet, J = 7 Hz, 0.93, (3H), —CH3; doublet, J = 7 Hz,
1.12, (3H), -CH,; multiplet, 1.40 - 1.60, (21), ~CH,; unresolved
triplet, 1.54, (6H); 8 ; unresolved doublet, 1.75; (6H),}3 ; broad

singlet, 2.01, (3H), ¥ ; multiplet, J = 7 Hz, 3.55, (1H), ~OCH

" High Resolution MS - C14H240 calculated 208.3468
found 208.3470

h) R = CH,CH,CH,CH,

MS - 208(50), 151(71), 135(100), 95(43)
CIR - 1450(m), 1350(m), 1300(n), 1185Ga), 1115(s), 1085(s), 1025(w), 975(wb) .

935(w), 915(w)
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‘NMR (C6H6) - triplet,.J = 7 Hz, 0.91, (3H), —CH3; unresolved triplet, 1.51,

(6H), § ; multiplet, 1.35 - 1,60, (4n), -CHZCHz—; unresolved doublet,

1.74, (6H),}3 ; broad singlet, 1.99, (3H), ¥ ; triplet, J = 7 Hz, 3.34,

2n), -OCH2
‘High Resolution MS - C14H240 calculated 208.3468

found - 208.3465

i) R = _CHZCHZCHZCHZCH3

MS - 222(16), 165(32), 135(100), 95(32)

IR - 1450(m), 1350(m), 1300(m), 1285Cs), 1185(w), 1115(s), 1090(s), 1055(w),
940(wb), 915(w)

‘NMR (C6H6) - triplet, J =7 Hz;'0.89, (3H}; -CH3; multiplet; 1.35 -
1;60; (6H); —(CH2 3=3 unresolved triplet;‘l.Sl; (6H), § ; unresolved
doublet, 1.75, (6H);‘ﬁ ; broad singlét; 1;99, (3H);2f ; triplet, J =

7 Hz, 3.34, (2H), -OCH

2 .
‘Analysis - C15H260 o C " 'H
calculated 81.02 11.78

found 80.98 11.90

‘Solvolysis of Monohalides in Methanol:

A solution of 100 mg (.46 mmole) of l-bromoadamantane in 25 ml of
methanol was stirred under refluxing conditions. After 6 hours 10% reaction
had occurred with 60% after 24 hours. Similarly; a solution of 100 mg
(.38 mmole) of l-iodoadamantane in 25 ml of refluxing methanol showed 357
reaction after 6 hours and 90% after 24 hours: The photochemical reactions

were completely finished in 8 hours and 2% hours respectively.



- 190 -

‘2-Methoxyadamantane:

1 ho CH4
CH30H

A solution of 262 mg (1 mmole) of 2-ioddadamantane in 70 ml of
methanol was irradiated through quartz in the same manner as the bridgehead
isomer. Workup as before after 4 hours yielded the secondary ether (967%)
plus adamantane (47%).

"IR - 1462(w), 1455(m), 1380(m), 1365(w), 1223(w), 1200(m), 1182 (m),

1105(sb), 985(m), 975(m), 940(m), 910(w)

MR (C.H) ag singlet, 3.18, (4H); doublet, J = 11 Hz, 2.21, (2H); doublet,

J=11 Hz, 1.31, (2H); multiplets, 1.58 - 1.98, (10H)

1, 3—D1methoxyadarantane

8
I CHy
n \ Ps
>
.3
5

A well degassed solution of 388 mg (1 mmole) of 1,3-diiodoadamantane
in 70 ml of methanol was irradiated for 4 hours through quartz. The diether
was the ﬁajor product (OV-17 125(4).422—? 2000; t = 8.4 min.) with a 4%
yield of adamantane. Workup as before yielded the crude ether which was
purified by glc.
MS - 196(26), 165(19), 139(100), 109(28),
' R - 1455(m), 1365(m), 1325(w), 1300(m), 1280(w), 1190(n), 1150(m),

1115(s), 1072(5), 1050 (m), 980(m), 915(5), 875(w)
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NMR (C6H6) - unresolved doublet, 1.28, (2H), § ; broad doublet, 1.58, (8H),
}38 3 singlet, 1.81, (2H), B ; broad singlet, 2.02, (2H), & ; singlet,

3.10, (6H), -OCH

3

Analysis - C12H2002 C e
calculated 73.43 10.27
found 73.13 10.41

An authentic sample of the dimethoxyl compound was prepared by the
method of Owen63; Into a 3-necked flask equipped with condenser; stirring
bar and drying tube was placed'3;0 g (10:2 mmole) of freshly prepared
AgO15b and 100 ml of freshly distilled methanol: The mixture was stirred
under reflux and followed by glc: Additional AgO was added (1.5 g every 24
hours) and the reaction cooled and filtered after 92 hours. Evaporation
yielded a thick yellow oil which was eluted with petroleum ether (30-60)
down an alumina column. The first fractions yielded 50 mg of é white solid
wﬁile further elution gave the diether which was distilled; bp 63 - 65°
(0.17 mm) to give a colourless oil identical in all respects to the photolytic
product. The minor component was found to be 7—methy1enebicyclo[§.3.i}—

57

nonan-3-one, mp 160 - 161° (1it1°’ 161 - 162°)

IR - 1720(s), 1460(m), 1400(m), 1360(w), 1335(m), 1220(m), 1155(w), 1100(w),

1090(m), 1060(m), 905(s), 880(m)
NMR (CSz) - singlet, 1.88, (2H); broad multiplet, 2.28, (10H); singlet,

4.65, (2H)
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hee
I —TOoH OH

A solution of 262 mg (1 mmole) of l-iodoadamantane in 70 ml of
spectrograde t-butanol was irradiated through quartz for 4 hours. Workup
as before yielded a white solid which was identical in all respects to
l—adamantanol; Careful drylng and distillation of the t-butanol produced

the same result with no trace of the t—butoxyadamantane.,

hov - +
x  CH3OH H CH4
CN

A solution of 140 mg (0:65 mmole) of l-bromoadamantane with 200 mg
(4.08 mmole)‘of NaCN in 75 ml of freshly distilled CH,OH was irradiated
through quartz for 24 hours. Workup as before yielded a vellow solid which
con;isted of adamantane (41%) and l-methoxyadamantane (59%).

The same reaction was repeated wi;h 170 mg.(0;65 mmole) of l-iodo-
adamantane and 150 mg (3.06 mmole) of NaCN in 75 ml of CHBOH. The reaction

was worked up after 2 hours to yield adamantane (15%) and l-methoxyadamantane

(85%Z). There was no evidence for any l-cyanoadamantane in either reaction.
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Irradiation in DMSO with added NaCN

___JILZ_____> +
DM so
T CN- : H . N

A solution of 270 mg (1.03 mmole) of l-iodoadamantane with 300 mg
(6.13 mmole) of NaCN in 75 ml of freshly distilled dimethyl' sulfoxide was
irradiated through quartz for 5 hours. The solution was worked up as before
to yield a yellow oil shown to contain residual solvent: The o0il was
dissolved in petroleum ether (30-60) and washed five times with water and -
redried to yield a white solid; Glc showed it to consist of adamantane
(4%); l-adamantanol (88%); and l-cyanoadamantane (8%);

The three products were collected by glc and were identical in all
respects to authentic samples.

The same reaction was repeated in the absence of NaCN resulting in a

quantitative yield of l-adamantanol.

‘Irradiation of 1,3-Dichloroadamantane

A degassed solution of 150 mg (0;73 mmole) of 1;3—dichloroadmantane
in 70 ml of absolute ethanol was irradiated through quartz as before for
45 hours., Workup as before yielded a white solid which was shown to consist
of a 1:1 mixture of starting material and l-chloroadamantane. There was no

trace of any ethoxy adamantanes.
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o g

A well degassed solution of 400 mg (1:03 mmole) of 1;3—diiodoadamantane
in 70 ml of absolute ethanol was irradiated through quartz for 10 hours.
Workup as before yielded a yellow 0il which was collected by glc;

MS - 224(39), 179(28), 167(100), 139(10), 123(16), 111(9), 95(11), 93(11)
IR - 1448(m), 1382(m), 1360(w), 1344(m), 1322(w), 1300(m), 1280(w), 1122(s),
1100 (nsh), 1076(s), 1002(m), 880 (w)

" 'NMR (06H6) - triplet; J=7 Hz,'l.lS; (6H); —CH3; Qnresolved triplet, 1.29,
(24), § ; doublet, J = 3 Hz, 1.62; (8H);138 ; singlet, 1.86, (2H),

B broad singlet, 2.06, (2H),¥ ; quartet, J = 7 Hz, 3.33, (4H), -OCH,,

" 'High Resolution MS - C, H, 0, calculated 224,1775
found 224,1758
1 L3-’-Dip rogo)gadamantane
B
[\ OnPy
ho \ ' B§
nP~OH X
8 .

A solution of 400 mg (1.13 mmole) of 1;3-diiodoadamantane in 70 ml of
1-propanol (degassed well with nitrogen) was irradiated through pyrex for
11 hours. Workup as-before yiélded a yellow oil which was collected by glé.
M - 252(45), 195(100), 193(74), 153(16), 151(32), 111(18), 95(24), 93(26)
IR - 1455(m), 1345(m), 1320(w), 1300(m), 1120(s), 1078(s), 1030(m), 932(w),

908 (m)
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NMR (C6H6) ~ triplet, J = 7 Hz, 0.93, (6H), —CH3; unresolved triplet, 1.31,

(2H), § ; multiplet, 1,42 -'1.70, (4H), ~CH,-; broad doublet, 1.62,

(8H),pg ; singlet, 1.85, (2H), B ; broad singlet, 2.08, (2H), ¥ ;

quartet, J = 7 Hz, 3.27, (4H), -OCH2

High Resolution MS - calculated 252.2088

C16M28%2
found ‘ 252.2100

" '1,3-Diisopropoxyvadamantane

A well degassed solution of 400 mg (1;03 mmole) of 1;3—diiodoadamantane
in 70 m1 of reagent 2-propanol was irradiated through quartz for 17 hours.
Workup as before yielded a thick yellow oil which was collected by glc.

MS - 252(40), 195(82), 193(66), 167(13), 153(32), 152(17), 151(100), 150(15),

111(63), 109(19), 107(16), 95(34), 93(33)

IR - 1450(m), 1376(w), 1360(m), 1342(w), 1320(w), 1300(w), 1175(w), 1130(m),

1108(s), 1048(s), 980(mb), 912(w)

‘NMR (06H6) - doublet; J =6 Hz, 1.09, (12H); —CH3; unresolved triplet, 1.30,

(2H), § ; doublet, J = 3 Hz; 1.58, (8H);p8 ; singlet, 1.80; (2n), B ;

broad singlet, 2.05; (2H), ¥ ; multiplet; J = 6 Hz, 3.72, (2H), -CH

" 'High Resolution MS -~ C16H2802 calculated 252.2088

found 252.2111
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I

A solution of 100 mg (;19 mmole) of 1;3;5—triiodoadamantane in 70 ml
of methanol was degassed with nitrogen and irradiated through quartz for 6
hours. The triether was the major product with a 67 yield of adamantane.
The ether was purified by glc:
MS - 226(45), 195(100), 169(90), 139(58), 123(89)
IR - 1445(m), 1350(w), 1315(m), 1290(m), 1220(w), 1185(m), 1230(m), 1180(sb),
1050(w), 1010(w), 970(m), 920(m)
_Nb@_ (C6H6) - doublet; '1.44; (6H) , pSS 3 unresolved doublet; 1-.73, (6H),/?}38;

multiplet, 2.03, (1H), ¥ ; singlet, 3.06, (9H), -0CH,

Analysis - C,H,,0, C CH_
calculated 68,99 9.79
found 69.06 9.74
*1.3-Dimethyl=5-methoxvadamantane ,
Hi N :’
/
Hs

A degassed solution of 300 mg (1:04 mmole) of 1;3—dimethy1—5-iodo-
adamantane in 70 ml of methanol was irradiated through quartz for 3 hours.
Workup as before yielded the crude ether containiné 5% of 1;3—dimethy1-
adamantane... Purification was by preparative glc'; |

'ﬁg - 194(47), 163(39); 137(100); 123(86); 107(39), 91(14)
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IR - 1450(s), 1360(w), 1340(m), 1330Gw), 1315(m), 1290(s), 1145(m), 1090(sb)
990(m), 960(m), 930(m), 860 (m)

" 'NMR (C6H6) - singlet,‘0;85; (6H); —CH3; singlet; 1:01, (2H); Hl; unresolved

doublet, 1,20, (4H), H3; singlet; 1.41, (AH); Hy; unresolved doublet,

1.60, (2H), Hgs multiplet, 2.08, (IW), H,; singlec, 3.16, (3H), -ocH,

" Analysis - Cl3H220 T C ‘ "‘H”
calculated 80.35 11.41
found 80,22 11.44
'1,3-Dimethoxy-=5,7=dimethyladamantane
H
H ' JMEH
3 " He 3
¥

A degassed solution of 300 mg (0.72 mmole) of 1;3—diiodo—5,7—dimethyl—
adamantane in 70 ml of methanol was irradiated through quartz for 4 hours.
Workup aé before gave the crude ether containing 4% of 1;3—dimethyladamantane.
Purification was made by preparative glc;

- MS - 224(39), 193(89), 153(100); 137(70); 121(55);

IR - 1460(m), 1380(w), 1345(m), 1300(e), 1250(ub). 1220(m), 1210(m),
1195(w), 1095(sb), 1020(w), 970(m); 915(m); 855(m)

‘MR (CSZ) - singlet, 0.89, (6H); —CH3; singlet; 1.01, (2H), Hl; singlet,

1.22, (8H), H,; singlet, 1.45, (2H), H3; singlet, 3.04, (6H), —OCH3
~Analysis - €, H,0, C H
calculated 74.95 10.78

found 74.76 10.70
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‘Trradiation of 1,3+Dibromoadamantane

[\¢Br |

‘I’ hv )

‘@ CH30H

4

A degassed solution of 300 mg (1;02 mmole) of 1;3;dibromoadamantane
in 70 ml of methanol was irradiated through quartz for 16 hours (no
starting material by glc). Analysis showed the products to consist of
adamantane (5%); l-methoxyadamantane (31%), and 1;3;dimethoxyadamantane (64%)
by collection and comparison-to authentic samples:

Repetition of the experiment showed two intermediate products which
disappeared during the course of the reaction. When stopped after 6 hours
the products.consisted of adamantane (2%); l-methoxyadamantane (27%),
l-bromoadamantane (17%), 1,3-dimethoxyadamantane (33%); 1-bromo-3-methoxy-
adamantane (18%), and residual 1;3—dibromoadamantane (3%). (0V-17 125(4)
325 200°, ¢ = 2.0, 5.4, 6.7, 7.4, 8.4, 9.8 minutes).

Again all the products were collected by glc and were identical to

authentic samples except for the bromo-ether., mp 14.5 - 16.0°
Hs
AOCH5
)] "

Gl

172
" 'MS - 244(trace), 165(100), 133(4), 123(4), 109(35)

IR - 1458(m), 1360(w), 1340(m), 1320(m), 1290(m), 1270(w), 1190(m), 1150(w),
1110(s), 1090(s), 1040(s), 960(s), 895(s), 675(s)
gﬁg.(C6H6) - unresolved tripleF;'l:Zl; (ZH); HS; broad singlet; 1:49; (4H)
- ﬁ3; broad singlet:'1.83;'(2H); HA; unresolved doublet; 2;06; (4H); HZ;

singlet, 2.31, (2H), Hi; singlet, 2.98, (3H), ~OCH,,
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" 'Analysis -~ C,.H,_ BrO T C " H:

11717 . — —
calculated 53189 6:99

found 54.11 7.12

‘Irradiation of 1,3-Dibromo=5,7=-dimethyladamantane

Hs

n

NV

Br r

A degassed solution of 300 mg (0:93 mmole) of l;B;dibromo—S;7—
dimethyladamantaﬁe in 70 ml of methanol was irradiéted through quartz forA
12 hours (starting material all gone): Workup as before and collection by
glc showed the products to consist of‘SZ l;3—dimethyladamantane, 34% 13-
dimethyl-5-methoxyadamantane and 61% of l;3—dimethoxy—5;7—dimethy1adamantane.

The reaction was repeated and stopped after 6 hours to yield six products.
in the following ratios: 1;3—dimethyladamantane (4%); 1,3~dimethyl-5-methoxy-
adamantane (29%), 1-bromo-3,5-dimethyladamantane (13%); 1,3-dimethoxy-5,7-
dimethyladamantane (40%), l-bromo-3,5-dimethyl-7-methoxyadamantane (12%) and
residual 1,3-dibromo-5,7-dimethyladamantane (2%) (OV-17 125(4) —2—  200°
t = 2.0, 5.5, 6.4; 7.0, 8.1 and 9.2 minutes)

Again all compounds were identical to authentic samples except for

the bromo-ether, mp 28.5 - 29,5°,

Ha
”illllllé;:s
53 Voch,
H,

1

'MS - 272(trace), 193(100), 137(65), 121(60), 107(12), 105(15), 97(13),

95(13), 91(20)
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IR - 1450(m), 1365(w), 1332(m), 1310(m), 1240(w), 1230(w), 1190(m), 1170(w),
1095 (wsh) , 1090(mb), 1080Cwsh), 965(a), 935(u), 9L5(w), 865 (m)

‘NMR (CSZ) - singlet; 0.92; (6H), —CH3; singlet; 1:10; (2H); H2; singiet,
1.33, (4H), H3; singlet; 1;84, (4H); Ha; singlet; 2;07; (2H); Hl;

singlet, 3.12, (6H), —OCH3

Analysis - C13H213r0 "'C” "'?
calculated 57115 ' 7175

found 57,02 "7.68

"

N

A degassed solution of 150 mg (0.40 mmole) of 1,3;5—tribromoadamantane
in 70 ml of methanol was irfadiated through quartz for 21 hours (no starting
material by glc). Analysis showed the major products to be l-methoxy-
adamantane (19%), 1;3-dimethoxyadamantane (50%); and 1;3;5—trimethoxy—

adamantane (22%) by comparison with authentic samples.

" 1=Chloro-3-methoxyadamantane.

OC
Egr " ' ¥ ‘l H3
VIR iy
| B
' ‘ HS

A well degassed solution of 50 mg (0.34 mmole) of l-bromo-3-chloro-
adamantane in 70 ml of methanol was irradiated through quartz for 17 hours.

Workup as before yielded a 1light yellow sticky solid which consisted of

1-chloroadamantane (42%) and 1-chloro-3-methoxyadamantane (58%) (mpvjust

below room temperature)
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MS - 202(5), 200(15), 171(4), 169(11), 166(13), 165(100), 143(14), 109(40),

93(16), 91(9)

'-ig - 1448(m), 1340(m), 1320(w), 1298(m), 1192(m), 1150(w), 1110(s), 1090(s),
1044(s), 967(m), 898(s) ’

NMR (C6H6) - broad singlet, 1.14, (2H); HS; broad singlet, 1.45, (4H), H3;

singlet, 1.85, (6H), H, + H,; singlet, 2.18, (2H), H,; singlet, 2.93,

(3H), -OCH,
e ateeta ] ’ . .
Analysis - €, H,,CLO c H

calculated 65,82 ‘8.54
found 65.63 ‘8.43
The same reaction with l-chloro-3-~iodoadamantane in methanol produced

the chloroether as the sole product with no evidence for any l-chloroadamantane.

I \
I CH3

A well degassed solution of 520 mg (2;34 mmole) of ggg—Z—ibdonorbornane
in 12 ml of methanol was irradiated through quartz for 24 hours. The dark
solution was worked up as before to yield a dark yellow oil which was
eluted wifh pentane down a short alumina column to yield 240 mg (81%) of a
light yellow liquid (extremely volatile)lss.

' ﬁg - Parent (126)
IR - 1450(m), 1360(m), 1304(w), 1220(w), 1200(w), 1180(w), 1120(w), 1104(s),

1064 (m) , 982(m); 920(w); 890 (w)

'ﬁﬁg (CC14) - multiplets, 0:90 ; 1;56; (SH)g broad sinélet, 2:24; (2H);

° broad singlet, 3.08, (1H); singlet, 3.19, (3H)
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Ef> — L@ L@% %%
I ocH3 OCH3 I

A well degassed solution of 250 mg (0.72 mmole) of 1,4-diiodonorbornane

in 15 ml of freshly distilled methanol was irradiated through quartz for 24

hours. The dark purple solution was worked up as before to yield a dark

yellow oil which consisted of three components by glc in the relative ratio

of 19:43:38: The compounds were purified by preparative glc. The first °

component was shown to be 1—methoxynorbornane:

"Mg - 127(10); 126(100); 125(34); 111(43); 106(13); 105(13); 97(55), 94(14)

IR - 1460(m);A1315(s); 1260(m), 1220(w), 1198(w), 1170(w), 1132(s), 1095(m),

1025(m), 930(w)

"Eyg (CC14) - multiplets; 0.92 —‘1.80;_(11H); broad singlet, 2.04, (1H);
singlef;'B.IS; (3H)

The major product was shown to be 1,4-dimethoxynorbornane.

S - 156(16); 127(100), 125(26), 109(15), 97(23)

IR - 1458(m), 1320(s), 1298(w), 1262(w), 1217(s), 1140(w), 1120(sb), 1030(s),

910(m)

“NMR (CCL,) - multiplets, 1.28 - 1.84, (10H); singlét, 3.13, (6H)

The third component was found to be l-iodo-4-methoxynorbornane.

MS - 252(trace), 125(100), 109(20), 97(4)

IR - 1480(w), 1443(m), 1308(s), 1277(m), 1198(s), 11460(m), 1120(m), 1037 (m),
1024(m), 982(s), 950(w), 870(s)

' ﬁg&\(CCIA) - multiplets;,l.SO - 2:42, (10H); singlet;,3.22; (3H)



" ‘Analysis - C8Hl3QI' ) ' C "'H-_
calculated 38i08 15:18
found 37.78 ‘5.33

When the above reaction was repeated in greater dilution (eg 200 mg
of diio&ide in 50 ml of methanol) only the mono and diether were observed.
The above reaction was repeated with 250 mg (d;72 mmole) of the
diiodide in 12 ml of reagent CH3OD and worked up. after 22 hours. The same
three products were observed and the monoether collected by glc and studied
by mass spectrometry for the deuterium content; Calculations (see appendix)

indicated a total of 17% deuterium incorporation.

General Procedure for 0, Photolytic Runs

The adamantyl halides were run as dilute solutions in freshly
distilled methanol through pyrex or quartz vesséls as before, only this time
with oxygen gas being bubbled through the solution during the course of the
reaction. The solution was worked up as before (no real difference in the
length of the reaction was found) to yield the crude products which were
purified by glec.

" ‘Reaction of 1-~Haloadamantanes -

A solution of 300 mg (1.39 mmole) of l-bromoadamantane in 70 ml of
methanol was irradiated through quartz with 02 for 16 hours. Workup as
before yielded a yellow solid which consisted of 1-methoxyadamantane (69%)

8 187 - 188°)

and 1-adamantanol (312), mp 186 - 187° (1itl
IR - 3550(w), 1450(m), 1345Gw), 1295(w), 1110(s), 1085(s), 978(m), 930(s)
‘NMR (CSZ) - singlet; 1.02, (1H); OH; multiplet, 1.64, (12H),/B+S;

broad singlet;'2;06, (3H); 5 .

Similarly, a solution of 130 mg (0;5 mmole) of l-iodoadamantane in 70

.ml of methanol was irradiated through pyrex with O2 for 3 hours. Workup
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as before yielded l-methoxyadamantane (94%) and l-adamantanol (6%) identical

to authentic materials.

A solution of 215 mg (1.0 mmole) of l-bromoadamantane in 70 ml of

cyclohexane was irradiated through quartz with 02 bubbling through the
solution for 17 hours. Workup as before yielded a light yeilow solid which

consisted of l-adamantanol (32%) and residual l-bromoadamantane (68%).

" 'Reaction of 1-Bromo-=3,5-dimethyladamantane

Hs H3 CHy
3
Br o, CH3 Ha H

HE

A solution of 350 mg (1:44 mmole) of l;bromo;B:S;dimethyladamantane
in 70 ml of methanol was irradiated through quartz With-O2 bubbling through
the solution for 11 hours. Workup as before yielded a yellow solid
containing l—methoxy—B;S—dimethyladamantane (64%) and 1;3—dimethyladamantan—

159 970)

5-01 (36%), mp (alcohol) 95.5 - 96.5° (lit
MS - 180(49), 165(18), 149(10) , 147(20), 123(100), 109(91), 107(35)
IR - 3580(w), 1445(s), 1363(w), 1340(m), 1310(m), 1165(m), 1062(s), 1025(s),
975 (w) , 935 (m) , 915(m), 882 (m)
"Egg (C6H6) - singlet; 0:60, (lH); -OH; éinglet; 0:78; (6H); -CHB; singlet,
0.94; (ZH); le unresolved doublet; 1:13, (QH); Hy3 singlet, 1.23,

(4H), Hgy; unresolved doublet, 1.45, (2H), He; multiplet, 2.01, (1H), H,
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" 'Reaction of 1,3-Dibromoadamantane -

Hi
)" H
N L E|
/ "o
OCH
Hy
HS

A solution of 400 mg (1.36 mmole) of 1,3-dibromoadamantane in 70 ml of

methanol was irradiated through quartz with Oé for 17 hours. Workup as

before yielded 5 products in the ratio of 12:6?35:6:41: The first four

products were found by comparison to authentic samples to be 1-methoxy~-

adamantane; l—adamantanol; 1;3;dimethox§adémanténe and 1;bromo;3—methoxy-

adamantane.

The major product was found to be 1—methox§adamantan—3-01; mp 61 - 62.5°,

MS - 182(34), 164(7), 151(11), 125(100), 109(16), 95(10), 93(1L)

IR - 3600(w), 1445(m), 1360(m), 1320(w), 1298(n), 1190(m), 1120(s), 1100(w),
1070(s), 995(s), 940(s), 885(m)

'gyg (C6H6) - singlet;’1.18; (1H), -OH; unresolved triplet, '1.25, (2H), HS;
unresolved doublet; 1;47; (4H); H2 or H4; unresolved doublet, 1.54, (4H),
H, or H4; singlet; 1.65, (2H), Hl; broad singlet;'2.03; (2H); H3;

singlet, 3.07, (3H), —OCH3

High Resolution MS - C, H, 0,  calculated  182.1306
found 182.1308
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1,1,2,2-Tetraphenyl-1,2-ethandiol -

0. e . b9 AR b
¢ iPrOH o

The procedure of Feiser was followed160:"A solution of'l;S g (8;25
mmole) of benzcphenone in 50 ml of 2;propanol with 3 drops of glacial acetic
acid in a pyrex flask was stopped and allowed to éit exposed to sunlight for
three days; The white precipitate was filtered and washed with pentane

mp 187 — 188° 114160

188 - 189°)
IR (nujol) - 3500(w), 1320(mb), 1250(mb), 1152(mb), 1038(m), 1020(m),
950(w), 905(w), 840(mb), 753(s), 738(s), 696(sb)
A degassed solution of 262 mg (1 mmole) of adamantyl iodide and 360 mg
(2.0 mmole) of benzophenone in 70 ml of methanol was irradiated through
pyrex for 3 hours; Analysis by glc showed the products to consist of
adamantane (66%) and l-methoxyadamantane (34%): Elution with pentane

down an alumina column yielded the two adamantane products. Further elution

with CHCl3 yielded residual benzophenone plus a white solid which was shown

to be 1;1;2;Z;tetraphenyl—l,2—ethandiol by comparisoﬁ to an authentic sample.
A degassed solution of 215 mg (1 mmole) of l-bromoadamantane and 360 mg
(2 mmole) of benzophenone in 70 ml of methanol was irradiated through pyrex
for 20 hours. Glc indicated only residual starting material plus the
tetraphenyl diol with no adamantane or adamantyl ether;
The tetraphenyl diol was also produced by irradiation of a benzophenone

solution in methanol through pyrex.
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" ‘Quenching Studies -

A degassed solﬁtioﬁ of 262 mg (1 mmole) of 1-iodoadamantane and 1;36 g
(20.0 mmole) of a cis-trans mixture of 1,3;pentadiene in 70 ml of methanol
was irradiated throdgh pyrex. The reaction was followéd by élc and was
50% complete after 5 hours; 80% after 8 hours and 100% after 11 hours. In

the absence of the pentadiene the reaction was finished after 2% hours.

A series of solutions containing 110 mg (0.5 mmole) of 1-bromoadamantane
and 3-4 mmole of a triplet sensitizer in 70 ml of methanol were degassed with
N2 and irradiated through pyrex for 12 - 18 hours: In all cases only
starting material was present after workup by glc: The sensitizers used
were naphthalene,benzene, phenanthrene;Ok—chloroanthraquinone, acetophenone,
l-naphthaldehyde-and fluorene.

General’Procedure'for'PhOtochemical*Nitrile*ReaCtiOns

The désired iodide was dissolved in either acetonitrile or butyronitrile
and two drops of water added (the reaction was slow and incomplete if water
was absent)., The reaction was followed by glc arid poured into aqueous
sodium bisulfite when starting material had disappeared. To this was added
chloroform; the layers separated and the organic phase was washed with
aqueous sodium carbonate; three times with water and dried over MgSO4.
Evaporation yielded the'crude amide;

" Reaction of 1-Todoadamantane

8
¥
ho \ B
RCN 7 d
: L : _NH@R

a)- A solution of 400 mg (1.53 mmole) of l-iodoadamantane in 13 ml of
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acetonitrile (R = CH3—) in a quartz tube was degassed well with N2 and
irradiated for 23 hours. Workup yielded 260 mg (88%) of a light yellow

solid. An analytical saﬂple was obtalned by preparative glc, mp 145 -

22a 1480)

146° (Lit

©'MS - 193(81), 150(9), 136(100), 94(28)

"33 - 3500(w), 1685(5); 1495(s), 1458(m); 1360(m), 1340(w); 1290(m),

1278(m), 1240(w), 1135(w), 1095 (w)

" 'NMR (CDCl3) -~ broad singlet, 1.60; (1), § ; singlet; 1:69; (3H); —CH3;
singlet, 1.95; (12H);K + B ; broad sin.g.let'-,. 3...48; (1H) , -

b) A solution of 400 mg (1;53 mmole) of l;iodoadamantane in 13 ml of

butyronitrate (R = CH CHZCHQ') in a quartz tube was irradiated as above

3

for 23 hours. Workup as befofe yielded a yellow o0il which contained some
residual solvent: Elution down a short silica éel column with petroleum
éther (30-60) yielded the solvent, elution with diethyl ether yielded 350
mg (827%) of a light yellow solid which was recrystallized from methanol to

110

yield white crystals, mp 118 - 119.5° (1it™ 119 - 120°)

"Mé - 221(65), 193(69) 164(69), 135(100)

IR - 3500(w), 1690(s), 1500(s), 1457(w), 1358(m), 1342(w), 1304(w), 1290(w),
1277(w) 1202(wb), 1100 (eb)

--;g (KBr) - 3300(s), 1640(s), 1540(s)

NMR (CDC13) - triplet, J =7 Hz, 0. 92 (3H), -CH,; multiplet, 1.67, (8H),

33
—CH2 +§; ‘broadosinglet, 2.00, (12n), B* h’; triplet, J = 7 Hz,
2.06, (2H), -cuzﬁ; broad singlet, 5.10, (IH), -
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" Reaction of 2-Igdoadamantane

Q
I his NHCR

RCN 7

a) A solution of 200 mg (0.77 mmole) of 2-iodoadamantane in 13 ml of

acetonitrile (R = CHj-s in a quartz tube was irradiated as before for 10

hours. Workup yielded 140 mg (96%) of a light yellow solid. Preparative

glc yielded feathery white crystals; mp 192 - 193°,

MS - 193(100), 178(113, 150(16), 136(9), 135(27), 134(49), 92(31)

‘IR (nearly insoluble in CCl4) - 3480(W); l680(m); 1500(m)

" IR (KBr) - 3300(s), 1640(sb), 1550(sb), 1445 (m), 1360(m), 1295(m), 1278(m},
1125(m), 960(m)

NMR (CDC13) - multiplets; 1.45 - 2.05; (15H); sigglet; 2;00’.(3H); -CH3;

broad doublet, J = 7 Hz, 4.06, (1H), H«; broad singlet, 5.82, (1H), -NH

‘Ana1251s - C12H19N0 T C " 'H "N
calculated 74,56 '9190 7,25
found 74 .42 10.05 7.20

b) A soiution of 135 mg (0.52 mmole) of 2-iodoadamantane in 14 ml of
butyronitrile (R = CHBCHZCHZ—) in a quartz tube was irradiated as before for
15 hours. ‘Workup as before yielded a yellow oil which was eluted with
petroleum ether (30-60) down a short silica gel column to yield 90 mg (80%)

of a light yellow solid; Preparative glc gave a white solid, mp 145 - 146.5°.
"ﬁg ~ 221(100), 206(26), 193(40), 182(23), 150(26), 135(45), 134(35), 119(14)

' Ig - 3470(w), l680<s), 1495(s); 1468(w), 1448(w), 1190(w), 1120(w), 908(s)
IR (KBr) - 3300(m), 1635(s), 1550(s)

‘NMR (CDC13) - triplet, J = 7 Hz, 0.95, (3H), —CH3; multiplet, 1.28 - 2,05,
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(17H); triplet, J = 7 Hz, 2.12, (2H), ccné; broad doublet, J = 7 Hz,
4.05, (1H), H ; broad multiplet, 5,72, (1H), -NH

"Analysis - C14H23N0 ' "'? " 'H N

calculated 75.97  10.47 6.33

found 75.84 10.53 6.28

© 1-Acetamido-3-iodoadamanitane -

: hi > HS ¥
He\ 1Y
T - C:}i:3(:r4 quﬂ%?(:}i '
. ' Ha. 3

A well degassed solution of 300 mg (0.77 mmole) of 1,3-diiodoadamantane

in 12 ml of freshly distilled CH3CN containiné 2 d?ops of water was

irradiated through quartz for 18 hours: Workup as before yielded a sticky

brown solid which contained one major peak by gle with a small amount of

starting material; The solid was recrystallized foﬁr times from CCl4 to

yield a light yellow solid, mp 158.5 — 160°.

"ﬁé_— 319(tface); 192(100); 149(42); 136(42); 94 (40)

IR (KBr) - 3250(m), 3020(w), 1645(s), 1550(s), 1445(m), 1365(m), 1300(m),
1105(w), 1032(m), 995(w), 975(w), 930(m), 835(m), 760(m)

"Egg (cs,) - singlet; 1;70; (2H); Hy; singlet; 1.73; (3H), —CH3; singlet,

1.98, (6H), H, + H,, singlet, 2.43, (48), Has singlet, 2.70, (2H), H

"Analzsis - C12H18NOI T C " 'H "N
calculated 45,16 _ 5,68 4,38
found 46,14 5.87 3.88
“'High Resolution MS: calculated  319.1877
found 319.1872

. Irradiation of a solution of the acetamido-iodide in CH3CN led to

the formation of the 1,3-diamide with no evidence of the monoamide,
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1,3-Diacetamidoadamantane
[\ HCCPH
i N p 3
/ @)
T A\ HECH,
BS

A well degassed solution of 250 mg (0;64'mmole) of l;3—diiodoadamantane
in 50 ml of CH3CN containing 2 drops of water was irradiated through quartz
for 18 hours. A total of 100 mg (62%Z) of light brown crystals were filtered
from the reaction mixture: The solution was worked up as before to yield
a dark brown solid. Glc showed both fractions to consist of the same single
peak, Recrystallization from CH3CN yielded 120 mg (75%) of white feathery

. 1
crystals, mp 222 - 224° (1it22

226 - 228°)

MS - 250(67), 207(100), 193(58), 151(14), 150(15), 149(18), 148(20),
136(28), 128(46), 127(22)

IR - 3450(w), 1680(s), 1495(m), 1360(w), 1328(w), 1295(w), 1270(w), 1215(w),
1122(w), 1032(w)

NMR (0M$0-d%) - broad singlet, 1.50, (2H), § ; singlet, 1.74, (6H), ~CH,;
broad singlet, 1.84, (SH),ﬁS 3 multiplet; 2:10, (2H), ¥ ; singlet,
2.15, (28),B .

‘Reaction of Exo-2<iodobicyelo[2:2;1lheptane

O

he NHER

I RCN ’ N

a) A solution of 400 mg (1.80 mmole) of exo-2-iodonorbornane in 12 ml of
acetonitrile (R = CH3—) in a quartz tube was irradiated for 23 hours.

Workup yielded an orange solid which consisted of nearly equal amounts of
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starting material and product: ‘Low temperature recrystallization from

pentane yielded a 1iéﬁt'§ellow‘$olid.‘ Preparative glc gave a white solid,

mp 132 - 134° (11e11 132 = 1339y,

MS - 153(100), 138(12), 125(7), 124(23), 110(28), 96(11), 94(100)

IR - 3400(w), 1685(s), 1500(s), 1120(m), 910(s)

IR (KBr) - 3300(s), 1640(s), 1540(s)

NMR (CDC1,) - multiplet, 1,10 = 2,00, (8H); singlet, 1.92, (3H), ~CH5
broad singlet; 2:23; (2H); bridgeheads#lmultiplet; 3l70; (1H); Het;
broad singlet, 5;40; (lH); -NH

b) A solﬁtion of 500 mg (2:25 mmole) of exo-2-iodonorbornane in 12 ml of

butyronitrile (R = CHBCHZCﬂi) in a quartz tube was irradiated for 23 hours

to yield an equimixture of préduct and starting material; Elution with
petroleum ether down a éilica gel column yielded starting material pius
solvent; elution with chloroférm yielded fhe crude amide. Preﬁarative

glc yielded a white solid, mp 73.5 - 75°.

MS - 181(100), 166(9), 153(23), 152(27), 137(16), 110(54), 109(25), 94(50)

IR - 3400(w), 1680(s), 1490(s), 910(s)

“ig (KBr) - 3300(3); 1640(3); 1540(s)

' Egg (CDC13) - triplet, J = 7 Hz, 0.80; (3H); ~CHq; multiplets; 1.05 - 1.90,
(10H); triplet, J = 7 Hz, l‘.96-,4 (2m), -"écriz; broad singlet, 2.11, (2H) ,
bridgeheads; multiplet; 3.59; (1H); Ho; broad singlet, 5.23, (1H), -NH

Analysis - c,,H, gNO c H_ N

calculated 72:88 10.56 7.72

found 72.78 10.40 7.54



- 213 -

‘Reaction-of '1,;4-Diiodobicyelo[2.2.1 heptane

I H

a) A solution of 400 mg (1;15 mmole) of 1;4;diiodonorbornane in 13 mi of
acetonitrile in a quartz tﬁbe’Was irradiated for 24 hours. Workup yielded
a dark oil which consisted of two products in é 25?75 ratio: Preparative
glc gave analytical samples of the two products (5% Carbowax 1950; t=35
and 35 minutes);

The minor product was a feathery white solid which was shown to be the
bridgehead amide, mp 158 - 159.5°.
MS - 153(35), 138(2), 125(10), 124(100), 110(12), 96(7), 94(4)
IR - 3450(w); 1685(3); 1500(m); 1360(m); 1323(w); 1302(w); 1260(wb), 910(m)
IR (KBr) - 3300(m), 1650(s), 1545(s)"
MR (CDCL,) - multiplets, 1.20 - 1.90, (10H); singlet, 1.90, (3H), ~H;3
~broad singlet; 2:13; (1H); bridgehead; broad singlet; 5.86, (1H), -NH

‘Analysis - C_H. _NO G T H N

9715 — — —_—
calculated 70.72 9,81 9.09
found 70.67 ‘9.80 8.96

The major product; a white solid; was shown to be the iodo-acetamide,
mp 96 - 98°,
MS - 279(trace), 152(74), 124(4), 110(100)
IR - 3360(w), 1685(s), 1495(s), 1458(w), 1360(m), 1320(m), 1290(m), 1265(m),
1202(m), 985(sb), 910(m), 875(ub),

IR (KBr) - 3300(m), 1635(s), 1550(s)
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‘NMR (CDC1 ) - multiplats, 1 60 2 40 (10H); singlet, 1.90, (3H), -CH,;

broad s1ng1et,:5.77, (lH)

' Analysis - CgH,NOT L N
calculated 38.72 5.05 5.01
found 39.00 4,98 4,80

b) A solution of 315 mg (0.91 mmole) of 1,4-diiodonorbornane in 15 ml of

butyronitrile (R = CH3CHZCH2 ) in a quartz tube was irradiated for 24 hours.

Workup as before yielded a thick 0il which contained two components in a
40:60 ratio. Preparative glc yielded the two compounds (5% Carbowax
220%, t = 2.5, 17 minutes).

The minor product was shown to be the bridgehzad amide, mp 91 - 92.50.

MS - 181(44), 166(3), 153(12), 152(100), 137(4), 110(32), 109(13), 94(12)

-
=

IR - 3350(w), 1685(s), 1495(s), 1325(m), 1300(w), 1260(w), 1190 (w)

IR (KBr) - 3300(m), 1640(s), 1550(s)

MR (CDC13) - triplet, J = 7 Hz, 0.93, (34), —CH3; multiplets, 1.20 - 1.90,
(128); triplet, J = 7 Hz, 2,11, (2H),C—CH2; broad singlet, 2.15, (1H),

bridgehead; broad singlet, 5.62, (1H), -

‘Analzsis CllHl9N0 ' C " 'H " N
calculated 72.88 10.56 7.72

‘found 72,75 10.57 7.53
The'm;jor component was shown to be the iodé—amide, mp 103 - 104.5°,
MS - 307(trace), 180(48), 152(4), 110(100) |
‘IR - 3350(w), 1685(s), 1495(5), 1325(m), 1285(w), 1210(m), 1000(m)
IR (KBr) - 3300(m), 1640(s), 1550(s)
"gﬁg (CDC13) - triplet, J = 7 Hz, 0.91; (3H), —CH3; multiplets, 1.20 - 2.30,
(14H); triplet, J = 7 Hz, 2.10, (2H), -c;cnz; broad singlet, 5.52,

; (1H), -NH
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Analysis - C..H. NOI ¢ H N

31 18 g — - —
calculated’ 43101 :5.90 4:56
found 42,73 ‘5.70 4,70

'Photochemistrv “in Halogenated Solvents

A solution of adamantane in a chlorinated solvent was degassed well
with N2 and then irradiated through quartz for 50 hours: No reaction at all
was observed when methylene chloride :ras the 301vent; while in chloroform
a 30% yield of 1-chloroadamantane and a 27 yield of the 2-chloride was
observed. In carbon tetrachloride both mono and dichlorinated products
were observed as well as hexachlorcethane.

To avoid the problem of separating secondary monochlorides a series of
monohaloadamantanes were used.

The reaction mixture from the irradiation of a solution of l-chloro-
adamantane in carbon tetrachloride was poured into aqueous sodium bicarbonate
and separated. The organic phase was washed well with water and dried over
magnesium sulfate. Evaporation yielded a yellow solid which was eluted dovmn
. alshort silica gel column with petroleum ether (30-60). The first fractions
yielded hexachloroethane; The chlorides were washed off with chloroform
and rechromatographed down an alﬁmina column with petroléum ether (30-60).
Analytical samples were obtained by preparative glc.

The products were found to be 1;3—dichloroadamantane, anti-1,4~dichloro-
adamantane, syn-l,4-dichloroadamantane, and 1,3,S—trichloréadamahtane in
order of elution; The bridgehead chlorides were the major products and all

four compounds were identical in all respects to authentic samples.

" 'Reaction of 1-Bromoadamantane

A degassed solution of l-bromoadamantane in carbon tetrachloride was
irradiated through quartz for 50 yours. Workup and column chromatography as

before yielded four major products.
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The first one was shown to be l-bromo-3-chloroadamantane, mp 101.5 - 103°,
" ng

Hy :
Ha

-

Cl r

W
MS - 248(trace), 171(33), 169(100), 113(4), 111(9), 103(8), 93(10), 91(17)
IR - 1450(s), 1338(s), 1318(s), 1284(s), 1100(w), 1024(s), 1006(1),
958(m); 940 (w), 840(5); 713(m); 675(m)

5’

" NMR (C6H6) - unresolved triplet, 1.05, (2H), H_; broad singlet, 1.61, (2H),
H4; doublet, 1.74, (4H), H3; doublet, 1.88,°(4H),-H2; singlet, 2.55,

(m), B,
"Anéliéié - C10H14BrCi ";ii; ';ii;
calculated 48.14 5.65
found ' 48:40 ‘5:56
|
r

The second and third products were the syn and anti isomers of
l-bromo-4-chloroadamantane which could‘not be separated:
MS - 248(trace), 205(3), 203(6), 171(32), 169(100), 133(22), 105(9),
93(8), 91(19) |
IR - 1445(s), 1342(m), 1285(m), 1260(m), 1100(w), 1025(s), 972(w), 942(m),
922(m), 685(m)
"ﬁﬁg (CC14) - multiplets; 1:80 - 2.95; singlet; 4;20; (1H); syn; singlet;

4.36, (0.2H), anti



"Aﬂ&}xsis - C10H14BrCIA-' | | o :  ‘. “,~
. calculated 48114 --5165
found 47.85  5.50

#y C Ha
-

B CI '

A !

The fourth product was shown to be l-bromo-3,5-dichloroadamantane,

mp 104.5 - 106°.

'MS - 282(trace), 205(33), 203(100), 171(8), 169(16), 167(14), 127(19), 91(22)

IR - 1450(s), 1342(w), 1330Gw), 1311(s), 1280(m), 1225(w), 1132(w), 1030(s),

960(m), 854(s), 838(m)

© NMR (CCl4) - unresolved doublet, 2,02, (4H), H3; unresolved doublet, 2.16,

(28), H5; multiplet, 2.36, (1H),

2.56, (4H), H,

" 'Analysis - C10H13BrC12

calculated

found

‘Reaction of 1-Fluoroadamantan

The same photolytic reaction was

carbon tetrachloride and the products

A

The first one off the column was

mp 177 - 178°, s

H4; singlet, 2.42, (2H),.H1; singlet,

42,29 4.61
42.20 4.70

done using l1-fluoroadamantane in

isolated as before.

'shown to be l-chloro-3-fluoroadamantane,

Hy

Hy

Hi

H
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‘-ﬁg - 190(2), 188(4); 153(100); 123(31), 103(19); 105(24); 97(16)

IR - 1448(s), 1348(m), 1340(s), 1320(s), 1295(s), 1150(w), 1105(s), 1078(s),
1037(w); 967(5); 944 (m) , 920(5); 910(w); 844(m); 684 (mb) |

"Eﬁg (CC14) ~ unresolved triplet; 1:55; (Zﬁ); HS; multiplet; 1.81; (4n), H2;
unresolved doublet; 2l01; (4H); H3; doublet; J = 5:5 Hz; 2.23 (20), Hl;

broad singlet, 2.35, (2H), H4

R (1%F) - singlet, -133.0, SCS =5.0

" 'Analysis - C, . H.,FCl

10714 L .
calculated 63.66 '7.48
found 63.66 7.69
Cl H
-F

The second product was gggi—é—chloro—l;fluoroadamantane; mp 207 - 208°.

MS - 190(9), 188(21), 153(29), 152(100), 110(21), 97(42),

IR - 1445(s), 1360(w), 1350(s), 1300(w), 1280(m), 1262(w), 1218(m), 1180(w),
1102(s), 1090(s), 1060(s), 960(s), 925(w), 918(s)

‘ gyg (CCl4) - multiplets, 1.45 - 2.00; (8H) ; multiplets, 2.05 - 2.58, (5H);
singlet, 4.09; (1H) ;

'NMR (19F) - singlet, -132.4, SCS, -4.4

High Resolution MS - C10H14FC1 calculated 188.0767
found 188.0766
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The third producf was .shown to be'gyg—4—chldro;1;f1poroadamantane;

mp 213 - 215.5° (sub).

" MS - 190(12); 188(27); 153(25); 152(100); 110(48); 97(53)

IR - 1450(5); 1360(W); 1342(m); 1320(w); 1298(w); 1280(W); 1214(m); 1110(s),
1100(w), 1080(s), 1060(w), 982(s), 964(w), 940(w), 930(s)

"gﬁg (CC14) - multiplets, 1:40 - 2;45; (13H); broad singlet; 4;18; (1H)

" NMR (1?F) - singlet, -137.2, SCS =9.,2

" 'High Regolution MS - ClOHMFCl calculated 188.0767
' found 188.0765
b .'".
|
Hs Ha
By F
5

The fourth product was shown to be l;3-dich10ro-5—f1uoroaaamantane,
mp 135.5 - 137°,
MS - 224(6), 222(12), 189(34), 187(100), 151(8), 131(14), 97(11), 91(8)
IR - 1444(s), 1342(m), 1318(s), 1282(s), 1230(m), 1130(m), 1092(s),
1014(m); 930(s), 855(s) |
MR (cc1,) - triplet, J = 3.5 Hz, 1.80, (2H), Hg; singlet, 1.93, (4H), Hy;

doublet, J = 5.5 Hz, 2.20, (4H), H,; singlet, 2.39, (2H), Hl;

2

multiplet, 2.47, (1H), H4

“'NMR (19F) - singlet, -136.4, SCS -8.4

‘Analysis - ClOH13FC12 - C “'H

calculated 53.83 5,87
found 53.50 5.99
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 Reaction of 1-Todoadamantane -

In contrast to the'other'halides; irradiatioﬁ of a carbon tetrachloride
“solution of 1l-iodoadamantane did ﬁot‘lead to féee radical chlorination.
After 4 hours the iodide héd been consumed yielding a dark purple solution.
Workup as before yielded a dark vellow solid shown to . .consist of mainly
l-chloroaﬁamantane with a small amount of 1;3;dichloroadamantane present,

When all the above reactions were repeated using bromotrichloromethane
as the solvent.onlf the bridéehéad bromides werevformed with no production
- of any hexachloroethane being observed; There was also no evidence for
any chlorination products: From the reaction of l—fluoroadamantane; two

products were observed (in addition to 25% residual starting material).

Hs
”‘] H’
Hy
F Br
. (
The major product was shown to be 1-bromo-3-fluoroadamantane, mp 136 -
137°,

“MS - 232(trace), 153(100), 133(9), 111(7), 105(5), 99(5), 97(15), 93(13), 91(7)

CIR - 1445(s), 1356(m), 1338(s), 1318(s), 1290(s), 1270(w), 1150(w), 1102(s),
1077(s), 962(s), 942(w), 920(s), 678(m)

MR (C6H6) ~ unresolved triplet; 1.05, (2H); HS; multiplet, 1.58, (4H), Hqs
broad singlet, 1,72, (ZH); H4; broad singlet; 1.91; (4n), H,; doublet,
J = 5.5 Hz, 2.40, (2H);AH1

" 'NMR (19F) ~ singlet, -131.6, SCS =3.6

“'Analysis - C10H14FBr G " 'H
calculated 51.52 6.05
found 51.44 6.17
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The minor product was found to be l;3—dibromo—S;fluoroadamantane,
mp 160 - 163.0°.
s - 310(trace), 233(94), 231(100), 187(9), 151(22), 131(7), 111(11),
109(9), 97(9), 91(11) |
IR - 1450(m), 1350(w), 1318(s), 1282(m), 1230(w), 1092(m), 1010(w),
965(m), 926(s), 710(w)" |
"ﬁyg (C6H6) - multiplet;'l.BZA (2n), H4, multlplet l 47 (1H); HS;'broad
singlet; 1;58, (4H); H3 doublet, J = 5,5 Hz, 2 13 (AH); HZ; singlet,
2.46, (1), H,
‘NMR ( F) - 51nglet -133.2, SCS —5;2

“"High~ Resolutlon MS C19H13FBr calculated  309.9369
found 309.9351

The photolysis of l-chloroadamantane in BrCCl3 produced two main

products which were collected by glc. The major product was shown to be
1-bromo-3-chloroadamantane, identical in all respects to that produced by

the photolysis of l-bromoadamantane in carbon tetrachloride.

The minor product was shown to be l-chloro-3,5-dibromoadamantane,

mp 98 - 102°.
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S - 328(trace), 251(29), 249(100), 247(77), 169(13), 167(19), 133(8),
132(8), 131(15), 91(25) | |

IR - 1455(m), 1362(w), 1325(w), 1310(s), 1281(m), 1028(s), 960(m), 850(s),

710(m)

" NMR (C6H6) - singlet, 1.45, (3H), H, + H.; unresolved doublet, 1.59, (4H),

5
Ha; singlet, 2.27, (4H), Hys singlet,;2.42,‘(2H), Hy

" 'High Resolution 'MS - ClOH13BrZC; | |

81BrCl _ calculated 248:9869

found 248.9874

no parent ClOH13

" ‘Reaction of l1-Bromoadamantane

Two products were observed from the irradiation of l-bromoadamantane
in BrCCl3. These were collected by glc and shown to be 1,3-dibromoadamantane

and 1,3,5~tribromoadamantane,

""Reaction of 1l-Iodoadamantane-

A well degassed solution of l-iodoadamantane in BrCCl3 was irradiated
through quartz for 4 hours. The dark purple solution was workad up as before
to yield a dark yellow solution which consisted mainly of l-bromoadamantane

with small amounts of l-chloroadamantane and 1,3-dibromoadamantane.

'Reaction'of'1,'3-’-dimethy1—'5—'f1uoroadama'tane'‘in’CCl4
Hy
f43 o f43
hv \ M H
CClg
F | F !
H

A well degassed solution of 450 mg (2.47 mmole) of 1,3-dimethyl-5-
fluoroadamantane in 20 ml of reagent CC14 was irradiated through quartz for
12 hours. Purification and removal of hexachloroethane by columm chrom-

atography as before yielded the crude products which were purified by glc.
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The major product was shown to be 1—ch10ro—3;S—dimethy1;7;fluoroadamantane,

mp just below room‘temperature;" A

M - 218(11), 216(28), 181(100), 180(30), 167(13), 165(13), 125(87), 111(48),

91(20)

"lg - 1445(s), 1365(W); 1358(m), 1238(w), 1180(m), 1038(s), 980(m); 938(w),
915(m), 882(s), 840(w), 675(m) '

'gﬁg (C6H6) - siﬁglet;'0.6l; (6n), —CH3;<singlet;'0:87; (2H); H4; doublet,
J = 5:5 Hz; 1:27, (4H); HZ; singlet;'l;45; (4H); HB; doublet; J = 5,5 Hz,
2.10, (2H), B

"gﬁg (19F) - singlet; —137;0; SCS —9:0

High Resolution MS - 012H18FC1 : calculated 216.,1080
found 216.1067

Two minor products (oils) were also collected by glc but nmr showed
them to each contain three different methyl resonances. They were not

characterized further.

A well degassed solution of 500 mg (2.74 mmole) of 1,3-dimethyl-5-
fluoroadamantane in 8 ml of BrCCl3 was irradiated through quartz for 6 hours.
Workup as before followed by column chromatography yielded residual starting
material (46%) and the brominated species which were collected by glc. The
major product was shown to be 1—bromo-3;S—dimeth§1-7—f1uoroadamantane,
mp 31 - 32°.

- MS - 262(2), 260(2), 181(100), 167(17), 161(10), 125(45), 121(25),

119(64), 117(62)



- 224 =

IR - 1445(s), 1365(w), 1328(s), 1310(s), 1282(w), 1240(m), 1180(s),
1032(s), 1002Ga), 978(m), 932(m), 913(m), 878(s)

'ﬁﬁi (C6H6) - singlet; 0:58; (6H); ;CHB; sinélet: Q:SS; (2H); H4; doublet,
J = 5;5 Hz; 1:28; (4H); HB; singlet; 1:62; (4H); Hé; doublet; J =
5.5 Hz, 2.27, (28), s

"Eﬂg (19F) - singlet; —135:9; SCS ;7:9

-‘ﬁigﬁfﬁéééiﬁéiééiﬁé - ClzﬂlsFﬁr calculated ’261;1806

found 261.1803

Two minor products (oils) were also collected by glc but nmr showed
them to contain three different metlyl resonances. They were not

characterized further.

‘Reaction of 1-Cyanoadamantane in BrCCl3

" \ Hy ay Hi
/ K,
N ' ' Hy N

A well degassed solution of 500 mg (3.10 mmole) of l-cyanoadamantane
(Aldrich) in 20 ml of BrCCl3 waslirradiatea through quartz for 24 hours.
Workup as before followed by alumina column chromatography (30-60 petroleum
ether) yielded 360 mg (487) of a light yellow solid; Recrystallization
from hexane produced white platélets, mp 128.5 - 130°.
'MS - no parent, 160(100), 133(16), 118(13), 104(22), 91(19)
IR - 2240(w), 1445(5); 1370(w), 1357(w); 1340(w); 1335(w), 1320(w), 1300(m),
1238(w), 1220(m), 1100(w), 1090(w), 998(w), 963(s), 942(w), 900(s), 678 (m)
‘Eﬂg (C6H6) - singlet; 1.00; (2n), HS; singlet; 1:38,.(6H); H3 + H4; singlet,

1.82, (4H), H2; singlet, 2.18, (2H), Hl
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"Analysis - C11H14BrN ) "‘9" 'H o " N
calculated 55,02 '5.87 '5.83
found 55,02 ‘5.90 5.80

1-Cvano-3-fluoroadamartane

e" > F Hi
AgE >

| He
N Hy CN

To a solution of 130 mg (0:54 mmole) of 1;5r0mo;3;cyanoadamantane in
20 ml of cyclohexane was added 450 mg (3:56 mmole) of AgF; The solution
was stirred under reflux for 2 hours: -The solution was then filtered and
evaporated to vield a light yellow’Solid: Elﬁtion with 30-60 petroleum
ether down an alumina column yielded 86 mg (88%) of a fluffy white solid,
mp 180 - 182.5°.
MS - 179(44), 160(trace), 152(100), 111(59), 97(33), 93(22), 91(26)
IR - 2245(w), 1452(s), 1350(m), 1330(m), 1318(m), 1285(w), 1258(w),
1135(s), 1018(s), 950(w), 940(m), 883(m)
MR (C6H6) - multiplet, 0.96, (2H), HS; singlet, 1.35, (4H), H3; doublet,
J = 5.5 Hz, 1.47, (4H); Hy; broad singlet;'1.58; (28), H; doublet,
J = 5.5 Hz, 1.81, (2H), H |

High Resolution MS _'CllH14FN calculated 179.1109
found 179.1113
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"IrradiatiOn'in'Amine'SolvedtS‘

a) Diethylamine

6 |
' ¥
hi - P
H p T £H
NE
T t> H C. 3
H NHEt

A degassed solution of 750 mé (2:86 mmole) of l-iodoadamantane in 70

ml of diethylamine was irradiated throuéh duartz for 2 hours. The greenish

yellow solution was washed with aqueous sodium carbonate: Chloroform was

added; the layers separated and the organic phase washed with water.

After drying the solution was evapora;ed to yield a light orange solid

which was eluted with petroleum ether (30460) down a short alumina column

to yield 310 mg (80%) of a white solid which was shown to be adamantane.

Further elution with chloroform yielaed a sticky orange solid which was

shown to be an adduct of adamantane with solvent;

MS - 207(26), 192(47), 172(20), 150(100), 135(67), 113(15), 100(50)
IR - 3400(m), 1645(m), 1450(m), 1418(w), 1378(m), 1300(w), 1260(my, 1200(w),
l080(w), 905 (w)

NMR (CDC13) - triplet, J = 7 Hz, 0.97, (3H); doublet, J = 7 Hz, 1.14, (3H);
unresolved triplet; 1.53; (6H); 8 ; unresolved doublet, 1.72, (6H),}3 ;
broad singlet, 1.95, (3H), ¥ : quartet, J = 7 Hz, 2.57, (1H); quartet,
J = 7 Hz, 3.03, (2H) ' ‘

‘High Reésolution MS - C14H25N calculated 207.1986
found 207.1982

The above reaction was repeated with 500 mg (1.91 mmole) of the adamantyl

iodide in 70 ml of diethylamine with 02 bubbling through the solution. The

reaction was worked up as before after 3 hours to yield a light yellow solid.
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Collection by glc yielded a white solid identical in all respects to
adamantanol as the only product:

The same reaction was repeated with 300 mg (1:15 mmole) of adamantyl
iodide plus 350 mg (1.59 mmole) of 3,5—di;g;butyl;4;hydroxytoluene in 70
ml of diethylamine. The solution was degassed well with N2 and irradiated
through'quartz: The reaction was followed b§ glc and was markedly slower
than in the absence of Fhe cresol. The iodide was 60% reacted after 4
hours, 80% after 6 hours and 100%Z after 9 hours: Workup as before yielded
a light yellow solid which was shown to consist of the cresol and adamantane
with no trace of the free radical adduct; |

b) " Triethvlamine

hiz N
NEts /

T

A degassed solution of 400 mg (1.53 mmole) of l-iodoadamantane in 70
ml of triethylamine was irradiated through pyrex for 15 minutes. The iodide
was all gone and the light greenish solution contained a fluffy white
precipitate which was filtered and washed with pentane. The solution was
worked up as before and the yellow solid eluted down a short alumina column
with pentane to yield 188 mg (92%) of adamantane. The white precipitate was
shown to be the hydrogen iodide salt of the solvent.
IR (KBr) - 3000(s), 1460(s), 1420(n), 1390(m), 1360(w), 1184(w), 1162(s),

1062¢w), 1034(s), 948(m), 803(m), 750(w)

The above IR was very similar to the HCl and HBr salts of triethylamine
from the Sadtler Index.

- The above reaction was repeated with 150 mg (0.57‘mmole) of adamantyl
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iodide with 600 mg (2.72 mmole) of 3,5-di-t-butyl-4-hydroxytoluene in 70 ml
of triethylamine. The solution was degassed well with Né and irradiated
through pyrex as before. This time the reaction was complete after 6 hours.

Again, the only products produced were adamantane and the hydrogen iodide

salt of the solvent.

¢) ' 'Morpholine

& & &
| I_. [ﬂj Co

A degassed solution of 525 mg (2.0 mmole) of adamantyl iodide in 70 ml
of morpholine was ifradiated through quartz: The starting material was
consumed after 1 hour énd the reaction worked up to yield a sticky orange
solid. fhis was eluted with petroleumvether (30-60) down an alumina column
to yield 122 mg (46%) of adaméntaﬂe. Further elqtion with chloroform
o

, mp 288 - 289

yielded a light piﬁklsolid which was recrystallized from CCl4

62 2920)'

(dec) (1it!
IR (KBr) - 3400(m), 2435(w), 1630(m), 1555(m), 1443(m), 1420(m), 1342(w),
1300(m), 1220(m), 1182(w), 1095(s), 1042(m), 895(s), 870(s), 822(w)

"Eﬁg (CC14) - unresolved doublet; 1.65, (12H);}?fg ; broad singlet, 2.08,

(3H) ¥ ; multiplet, 2.55, (4H); multiplet, 3.57, (4H)

The above amine was identical to the product produced by the reaction

of adamantyl iodide in refluxing morpholine for 60 hours.
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d)"errolidine :

cheakcl

A degassed solution of 420 mg (1.60 mmole) of adamantyl iodide in 70 ml

of pyrrolidine was irradiated through pyrex for 3 hours. Workup as before
yielded a light yellow solid which consisted of only adamantane by glc

analysis.
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" "APPENDIX
A) Response Factors (glc)
AdH 1.40 2.10
AdoH 1.04 1.65
AdOMe 1.00 1.60
Ad(OMe)2 ‘ 1.00

B) Deuterium Incorporation Studies

1
) CH,
X=H,D
X
_ non-deuterated deuterated
mass # Height mass Height
P (126) 118 mm P' (126) 44 mm
P+ 1 (127) 12 mm (P + 1) (127) 13.5 mm
P+ 1=10.2%7 P 10.2% P' = 4.5
%, (P' + 1) corrected = 13.5 - 4.5
=9.0
_°. Deuterium incorporation = ..9,0 " = 177

9.0 + 44.0
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2)
X=H,D
*‘\//bx

non-deuterated deuterated
Mass # Height Mass# Height
P (136) 70mm P'(136) 35 mm
P+ 1 (137) 10mm ° (P' + 1) (137) 6 mm

P+ 1= 13,47 P 13.4% P' = 4.8

(' + 1)corrected = 1.2

Deuterium incorporation ='1,2 " = 3.2%



