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Diamantane. 1.1 Preparation of Diamantane. Physical and Spectral

Properties
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The preparation of diamantane (I) by Lewis acid catalyzed rearrangements of various pentacyclic tetradecanes
has been examined. The best yield (84%) was obtained from trans-tetrahydro-Binor-S (XXXYV). However, the
most convenient synthetic procedure involves rearrangement of hydrogenated Binor-S (XXVII/XXVIII), which
gives I in ~70% yield. Other more highly strained precursors give I in lower yield (1-47%) owing to disproportion-
ation. The diamond lattice structure of diamantane, confirmed by X-ray analysis, is consistent with high thermo-
dynamic stability. However, I, like adamantane, is not strain free. Molecular mechanics calculations show that
this is due to an excess of repulsive over attractive nonbonded interactions in comparison with noncage hydrocar-
bons. The spectral properties of diamantane are characterized by a single-line proton nmr spectrum, resistance
toward mass spectral fragmentation, and a simplified ir spectrum due to high symmetry.

The beautiful three-dimensional array of the diamond
lattice has provided many structural insights and synthetic
challenges.?-% Prelog? recognized that cyclodecane in con-
formation II is such a diamond lattice hydrocarbon and can
be deduced from the pentacyclotetradecane I by replacing
two CH and two CHj by six hydrogens.67 At Prelog’s
suggestion, I (pentacyclo[7.3.1.1412,027 08.11]tetradecane)
was chosen as the Congress Emblem of the 1963 London
IUPAC meeting, and was featured as a decoration on the
cover of abstracts, program, and publicity material. The
Handbook challenged the Congress participants to synthe-
size I, and this challenge was reiterated by Cram and Ham-
mond on the end papers of their popular text.4 The first
preparation of “Congressane” was achieved at Princeton in

1965 in 1% yield by aluminum halide catalyzed isomeriza-
tion of a mixture of norbornene [2 + 2] photodimers.8

Adamantane (IV) is the first and “Congressane” only the
second member of an entire family of compounds “whose
ultimate is diamond.”” The synthesis of the third member
of the series (V) in 1966° emphasized the need for a more
general scheme of semitrivial nomenclature. Following the
suggestion of Vogl and Anderson,” I was renamed ‘““‘diaman-
tane” and V designated triamantane.” The synthesis of
tetramantane (three isomers are possible)!© and of higher
“amantanes” has not yet been achieved.

The year 1966 also marked the isolation of diamantane
() from the high-boiling fractions of the crude oil of Ho-
donin (from which adamantane was discovered)!! and the



2980 J. Org. Chem., Vol. 39, No. 20, 1974

OH

|

M
RS

1 I IITa

o o
M
0O
Tilb \Y%

achievement of a significant improvement in the yield of I
(to 10%) by rearrangement.2¢ While this permitted a start
to be made in the exploration of the chemistry of diaman-
tane, the hydrocarbon was still difficult to obtain in quan-
tity.

Subsequent work at Princeton explored various alterna-
tive precursors for diamantane with increasing success and
culminated in a truly convenient high-yield preparation,
reported in preliminary form in 1970.12 Diamantane then
became as readily available as adamantane and the chemis-
try of I could be studied easily. McKervey developed simi-
lar preparative improvements; a full report was published
in 1972.132

We recount here the preparative studies which led to a
convenient synthesis, and summarize the physical proper-
ties of diamantane. The following two papers describe the
chemical behavior and the functionalization of diaman-
tane. The detailed analysis of the mechanisms of the rear-

rangements leading to diamantane from various precursors
will be published separately.l¢

>_

s

Results and Discussion

Preparation. A convenient preparation of adamantane
was achieved in 195614 by aluminum halide catalyzed isom-
erization of the tricyclic CioHg endo-tetrahydrodicyclo-
pentadiene.?4 Subsequently, it was found that many satu-
rated tricyclic hydrocarbons with ten or more carbon atoms
rearrange to the thermodynamically most stable adaman-
tane isomers.>!4 The generality of these rearrangements
suggested that the relatively unstrained diamantane might
be obtained by isomerization of pentacyclic C14Hzg hydro-
carbons.

The first Ci4Hgp isomers investigated were pentacy-
clo[8.2.1.14.7.02.9 03 .8]tetradecanes, represented by general
structure VI (Chart I). Three stereoisomers are now known
(VIa—c), and are readily available either by dimerization of
norbornene or by hydrogenation of the [2 + 2]-type norbor-
nadiene dimers.15:16

Rearrangement of the photodimers of norbornene!s pre-
pared from acetone-sensitized dimerization!® (consisting of
12% exo-trans-exo- VIa and 88% endo-trans-exo- VIb) with
AlCl; gave diamantane in 1% yield.® Although the reaction
mixture was complex, containing besides tar many frag-
mentation and disproportionation products, isolation of di-
amantane (I) was facilitated by its high insolubility and
crystallinity.

Gund, Osawa, Williams, and Schleyer

Chart I

IO

Via Vib Vice
exo-trans-exo endo-trans-exo endo-trans-endo

AH®, gas, 25° (calcd) 14.51 19.97°
9.56 keal/mol
strain (calcd), 62.57 68.03%

57.62 keal/mol

oo~ H

@ Close to final value (within 0.3 kcal/mol).

VIL

Lewis acid catalyzed treatment of strained hydrocarbons
often does not give very satisfactory yields of isomerization
products.? The reason appears to be that excessive strain
encourages an alternative mode of strain relief: ring cleav-
age via protonation, followed by disproportionation to give
olefin and alkane with one less ring. The former polymeri-
zes to tar under the reaction conditions. It is not difficult to
see why VI, a combination of strained norbornane and cy-
clobutane units, should be especially prone toward dispro-
portionation.

Variation of temperature, concentration, and solvent did
not improve yields significantly. Use of a better precursor
was indicated. Since the major component of the original
mixture was the more strained VIb,'517 it was hoped that
VIa,!® available by cuprous chloride sensitized photolysis of
norbornene, would give less disproportionation and a bet-
ter yield of 1. However, only a 2% yield was achieved with
AlCls.

Schneider!® showed that a “sludge” catalyst, prepared by
cracking low molecular weight branched hydrocarbons with
an aluminum halide and HX, gave improved yields of sub-
stituted adamantanes from perhydrogenated tricyclic aro-
matic compounds. At Princeton,?¢ a similar “sludge” cata-
lyst system was prepared by adding tert-butyl bromide to a
suspension of aluminum bromide in cyclohexane. Like the
Schneider catalyst,8 this AlBr; “sludge” is a yellow, heavy
oil possessing an internal initiator and may be stored for
longer periods of time under cyclohexane. Activity may be
augmented or regenerated by addition of small amounts of
AlBrs. The actual composition of the catalyst is not known,
but probably consists of polymerized isobutane, formed by
elimination of HBr from tert-butyl bromide.2¢18-21
“Sludge” catalysts may also be prepared from sec-butyl
bromide or from tert-butyl chloride with AlCl3,22

The activity of “sludge” catalyst was tested first with
endo-tetrahydrodicyclopentadiene and improved yields of
adamantane were obtained.?¢ Robinson and Tarrat?? sub-
sequently prepared a similar tert-butyl bromide catalyst
and confirmed its greater efficiency. Yields of adamantane
as high as 66% from endo-tetrahydrodicyclopentadiene and
improved yields of alkyl adamantanes were reported.?3.2¢

The rearrangements of the isomeric pentacyclic
[8.2.1.1.4.7.02.8,03.9)tetradecanes (VI) were reinvestigated:
with the more active “sludge” catalyst. Significant im-
provement was achieved. However, the best yield obtained
from any of these [2 + 2] dimers was still only ~11%, and
this was from the least strained exo-trans-exo isomer (Vla).
Sludge catalyst isomerization of hydrogenated commercial
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norbornadiene dimer (a mixture of 26% VIa, 71% VIb, and
3% Vlc) gives diamantane in not more than 5% yield.

While the yields of diamantane (I) were low from all iso-
mers of VI, a tetracyclic C14Hs disproportionation product
(VII) was always the major product (yields up to 40%).25
The structure of this product was initially assigned on the
expectation that it should be the most stable C;4Hoo iso-
mer.!7 This assignment has been verified recently; VII is
identical in glc retention times, nmr, and ir with a sample
prepared unambiguously from VIIL.262 VII is also identical
with the main product of rearrangement of IX, an isomeric
starting material with quite a different structure.26b

1. Wittig

—rae
2. TICIO,);
aq (MeOCH,),

o

(0]

Wolff-Kishner

Q:b}“‘*

Isomerization of Hydrogenated Katz Dimer. All the
[2 + 2] dimers of norbornene (VI) and norbornadiene (X)
contain a strained cyclobutane ring which favors disporpor-
tionation. Consequently, less strained precursors were
sought. Norbornadiene is readily dimerized by various or-
ganometallic catalysts.?”28 Of the seven known dimers??
(Chart II), three are of the [2 + 2] type (Xa-c),1516 two [4 +
2] incorporate one nortricyclene unit (XI, XII),2® and one
[4 + 4] type (XIII) contains two fused nortricyclene units; a
cage structure (XIV)27 completes the list.

Chart I
Known Norbornadiene Dimers

WM

Xalo1 Xblesl6

@@:@@

Xlug XIV 27332

The Katz?® norbornadiene dimers, consisting of a 7:1
mixture of XI and XII, were obtained from norbornadiene
using rhodium/carbon catalyst.28 Only the double bond hy-
drogenated under most of the conditions tried, which in-
cluded even use of Ni catalyst and high pressures. Isomer-
ization of the resulting hexacyclic mixture XVI with sludge
catalyst (Scheme I) gave diamantane in up to 16% yield
(gle). This result depended on disproportionation; in addi-
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Scheme I

EtOH (92%) \H,/PtO,

3

XVI (mixture 85:15)

XVIla (85%)
X XVIIb (15%)
partial methylcyclohexane
isomerization /AIBrs(95%) H;30, (91%) ©
AlBrg or “sludge”
2 ; “sludge” ‘
XVII
XVIlla

AlBry or
“studge”

I + VII + other products

Wr
“sludge”

tion, the double disproportionation product (VII) formed
in substantial amounts.

Catalytic hydrogenation of the mixture XI and XII in
acetic acid with PtO; catalyst?®50 succeeded in reducing
both the double bond and the cyclopropane ring to produce
two pentacyclic isomers in a 85:15 ratio. By analogy with
results of hydrogenation of Binor-S (XIII) and deltacy-
clane (see later) under similar conditions, structures XVIla
and XVIIb were assigned, the former arising from XI and
the latter from XII. Reduction of partially hydrogenated
mixture XVI by hydride transfer in concentrated sulfuric
acid—-methylcyclohexane3! also gave, in 91% yield, an 85:15
ratio mixture of two cyclopropane cleaved pentacyclic iso-
mers. These differed from XVIIa and XVIIb and were as-
signed general structure XVIII. A 13C nmr proton de-
coupled spectrum of the major isomer indicated nine dif-
ferent carbon absorptions and is consistent with structure
XVIIIa. Although three other isomers in the set would fit
the 18C nmr data, XVIIIa is the lowest energy isomer (see
below).

Isomerization of either mixture XVII or XVIII, with alu-
minum bromide or with sludge catalyst, gave diamantane
in up to 25% yields (Table I).

Interestingly XVIIIa appears to be identical with the
rearrangement intermediate isolated when AlX; isomeriza-
tion of mixture XVII was interrupted after partial reaction.
Such reactions are followed conveniently by gas chroma-
tography. In this way, we demonstrated that intermediate
XVIIla forms diamantane in a yield identical with that
from mixture XVIII. Apparently, sulfuric acid effected a
similar partial isomerization in giving X VIII 3!

Courtney, Johnston, McKervey, and Rooney also hydro-
genated Katz dimer (XI and XII) in acetic acid and ob-
tained a cyclopropyl-cleaved product which could be isom-
erized in the gas phase to diamantane in 45% yield employ-
ing a chlorinated platinum-alumina catalyst.!32

Although the yield it gives is an improvement over that
from the [2 + 2] dimers, Katz dimer is not ideal as a di-
amantane precursor. Examination of the glc trace of a
crude AlBrg isomerized mixture of XVII or XVIII reveals
at least 14 products besides diamantane, including a major
amount of disproportionation product VII, and other frag-
mentation products. Furthermore, we have had difficulty
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Table I
C.: Pentacyclic Precursors Investigated in the Preparation of Diamantane
% yield
Precursor Registry no. Catalyst diamantane (I) Ref
VI (12% VIa) 1624-14-2 AlCL; 1 8, a
(88% VIb) 1624-16-4 “Sludge” 1-5
Via AlCI; 2 2¢
“Sludge” 10
XVI 51966-13-3 “Sludge” 10-16 b
XVII 51966-14-4 AlBry, 25 ¢
“Sludge” 20 c
Pt/Cl/alumina 45 13
XVIII 51966-15-5 AlBr; 25 c
“Sludge” 18
XXI1 51982-54-8 “Sludge” 41-47 12
XXIV 51982-55-9 “Sludge” 25 12
XIII 13002-57-8 “Sludge” 10 c
H,S0; 30 c, 13
XXVII/XXVIII AlBr; 62-75 12
“Sludge” 71 12
AlCl;/CH,CI, 70-90 13
XXXV 51966-16-6 AlBrs 84 c

¢ 8. Hald, J. Novdk, and S. Landa, Sb. Vys. Chem.-Technol. Praze, Technol. Paliv, 19, 9 (1969). ® Reaction carried out by

Dr. Leo Lam. ¢ This work.

in obtaining good yields of Katz dimer. The reaction is
highly erratic; yields ranged from 0 to 49% and were found
to be dependent on the catalyst quality and other unknown
factors.

Diamantane from Other Precursors. In our search for
other precursors, pentacyclic hydrocarbons XXI and XXIV
were prepared as shown in Scheme II. These gave diaman-
tane in 44 and 34% average yields, respectively, upon rear-
rangement with sludge catalyst (Table I). While diaman-
tane was the main product, 1,3,5,7-tetramethyladamantane
(XXV)!8 and 1,3-dimethyl-5-ethyladamantane (XXVI)!8
were identified as components of the reaction mixture. VII
and other unidentified products were present in smaller
amounts. Although these rearrangements give somewhat
better yields of diamantane, the starting materials are
cumbersome to prepare and the routes are not convenient.

Diamantane from Hydrogenated Binor-S. The avail-
ability in almost quantitative yield of a [4 + 4] norborna-
diene dimer, “Binor-S” (heptacyclo[8.4.0.02,12,03.8 .
0.4.6,05,9,011,13)tetradecane, XIII)27.32 afforded an ideally
constituted precursor, especially since the cyclopropane
rings can be reduced to give a C14Hsg pentacyclic hydrocar-
bon.

A

Hydrogenation of Binor-S. Schrauzer®? has reported
that the hydrogenation of Binor-S at 200° with 305 atm hy-
drogen pressure and Pt catalyst gave a mixture of products
consisting of 94% Cj;4Hg, and 6% C;4H;s hydrocarbons.
The solvent was not indicated, however. We have found
that Binor-S did not take up hydrogen in acetic anhydride,
even under 102 atm hydrogen pressure with PtOg catalyst.
However, in agreement with our earlier experience,2?30 the
cyclopropyl rings in Binor-S were readily cleaved by hydro-
genation in glacial acetic acid with PtOy catalyst.!? The re-
sulting liquid product [bp 105-110° (1.5 mm)] appears by

CoBr,2PPh,

BF,OEt, A

X1

gas chromatographic analysis on numerous columns to be’

essentially one material. Cleavage of both cyclopropane
rings was confirmed by nmr analysis, which indicated ab-
sence of nortricyclene peaks at ¢ 1.05 and the presence of a

Scheme I1
34%
/ HC ’
Xa XIXb

ﬂ% HB

XXI

A0/

XX1la XXIIb

Et
Et hy
-+ —_—
acetone (46%)

XXTIa XXIIIb
M}h
XXIV
sludge
XXI + \II
~44%
other
products
ﬁ(v XXVI
7 29%
“sludge”
XXV ——— 1 + XXV + XXVI + v
~34% S —— N ——— +
28% other
products

more complicated spectrum with peaks in the § 2.25-0.75

region. These results were verified by McKervey. 132
Hydrogenation of Binor-S may, in principle, give rise to

four tetrahydro-Binor-S isomers (XXVII-XXX) from the
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Table II
Possible Hydrogenation Products of Binor-S,s? Point
Group Classifications and Calculated
Heats of Formation

XXVII XXVIII XXIX XXX
(51966-17-7) (51966-18-8) (52021-70-0)- (51966-19-9)
Point group C C; Can C;

Number of dif-

ferent carbon

atoms 7 7 5 14
AH;°, gas, 25°

(caled),c kecal/

mol 14.10 6.09 1.556 2,27
Strain (caled),®
kcal/mol 62.16 54.15 49 .61 50.33

@ References 31-33. ? Registry numbers in parentheses.
¢ Reference 17.

various possible cyclopropane ring reductions (Table II).
Hydrogenolysis of unactivated cyclopropane rings usually
results in the cleavage of the least substituted cyclopropyl
ring bonds.29-31.33 However, in XIII, all cyclopropane bonds
are disubstituted. In such strained molecules, hydrogenol-
ysis of the most strained bond seems from literature exam-
ples3! to be a reasonable expectation.

Molecular mechanics calculations showed that XXIX
and XXX should be the most stable isomers.1?” However,
13C nmr spectroscopy®* of the reduction product eliminat-
ed these structures from contention, since six signals for
seven carbons were observed, there being one coincidence
of chemical shift in the single frequency off resonance and
noise resonance decoupled spectra. The sharpness of peaks
indicated that only one isomer was present. Isomer XXX,
possessing no symmetry, should give a 14-line spectrum,
whereas the more symmetrical XXIX has only five differ-
ent kinds of carbon atoms. It is difficult to differentiate be-
tween XXVII and XXVIII by 13C nmr, since both isomers
possess seven unique carbons of the same general type. A
choice may ultimately be possible between the two struc-
tures, since XXVIII is chiral while XXVII is not. If strain
relief during reduction is a factor, XXVIII should be fa-
vored over XXVII on the basis of the molecular mechanics
calculations, and we tentatively assign the structure on this
basis.

The reduction of XIII to give XXVIII (or XXVII) and
not XXIX or XXX is probably influenced by steric inter-

less more

XXIX

favorable favorable

XXVII (or XXVII)

action during approach of catalyst-bound hydrogen. Other
systems containing nortricyclene units behave similarly.

For example, deltacyclane (XXXI) gives brexane
H,/Pt0,
——>HAC not
XXXI1 XXXI1 XXXmI

J. Org. Chem., Vol. 39, No. 20, 1974 2983
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el 80 123 66 8o 220 300 400 200 600
Time {Min)

Figure 1. Isomerization of tetrahydro-Binor-S (XXVII/XXVIII)
to diamantane (I) at 25° with aluminum bromide in cyclohexane.

(XXX1I1).31:35 On this basis, we assigned structures XVII to
the hydrogenated Katz dimers.

Isomers XXVII and XXVIII may be interconverted by
simple Wanger-Meerwein 1,2 shifts; either should give di-
amantane by further rearrangement. In fact, all the tet-
rahydro-Binor-S type isomers (XX VII-XXX) are, in prin-
ciple, interconvertible by such 1,2 shifts (the intermediate
cations can be generated by hydride abstraction).

M qﬁ_’m

XXVII XXVIII
\ %
Y, 7
Y 4
XXX XXIX

Rearrangement of Tetrahydro-Binor-S. The alumi-
num bromide or “sludge” catalyzed isomerization of tet-
rahydro-Binor-8 in either carbon disulfide or cyclohexane
proceeds smoothly and quickly. Careful glc study of the
course of the reaction at 0 and 25° indicates that isomeriza-
tion proceeds with formation of at least two major, and sev-
eral minor (less than 1%), intermediates. At the end of the
reaction, however, only diamantane (over 90% of the prod-
uct) and tetracyclic disproportionation product VII remain.
At 0° an as yet unidentified C;i4Hjy intermediate
(XXXIV) is formed initially; this then isomerizes to the
major intermediate, which was isolated and could be iden-
tified as trans-pentacyclo[8.2.1.1.25,03.7,08.12]tetradecane
(XXXV). The concentration of XXXV builds up to a max-
imum value of over 20%; after several hours, rearrangement
proceeds further to form diamantane and VII. Figure 1, a
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4

intevlocking cage Tramewerk, As in the case of IV (M, mfe 136},%° the

02 T (nfe 188)° Lo the most irtense but by mere than & Tactor

parens

of three thar any other peak in ths spestrun. Such propinent parent ions

are formed from other milticyelis cage molecules such as ethsnosdamsntans

(nfe 162),* ethencdfamentane (poth isomers) (n/e 214),** trianazzens
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wexpereture, Workup Included 2d%sfon ¢f mvout 108 mD metkylen

-10 mimubes), <he broveish-greesn rixbure ves allowsd to ao:

e ohloride

2 sclutl

i water

and washing sodiur biesrher

(~100 m}. The mer rids soluticn wms dried over MgSO, and
ewaporates uwner reduce? fressure to give 169-19% g {86-95%) of low meluing

s mp 55-66°, Dissitlatior (bx 50°/1.5 mm) gave wp

(Fe-id y

neeilng 180-17C g

14) of a write sclid, w 63-64° (11t,27 65-65°).

o rescsion Tay 2lso te sarvied out in hou toliusne as suggested by

MeKervey, 3% This avotdsthe overly vigorous reaction.®?

SRVl By Gatalric Srérogenatior of Binor-3

tic Azid. Biror-3 (236 g, 0.78 role) wes purslelly dissolved in hos

aning 20 nl core. HEL; P20z (1.5

acial acetic eaid (90C m1) co

atalyst was added end vhe mixture wes sheen in e Ferr apparetus wnder 3

e371 bydrogen pressure for shree hours st 0%, Afier excling = Toom tarpera-

or was soperated,

ware, tho rog

ard the hetter leyes extvacted witn mothrlens shloride. Tae combined ergeric

layors were wachod with water cvaporated. The crule tetrahydro-

Aror:

s fur

istillesion wmder velueed pressure, b

or Furificd By

205-110% (1.5 el ke give 212-231 g (90-374) of & solor

g, Smasl

(154 hpiezen L6n % brm columr, 206°) ebed melrly orne

smounds (< 15} of ofer proéuets were present. Somaulmes frasilors

:1lation.

op above 130° arz ootained W “eating 1s prolon Swrdng @l

The rearrangsnent to Jipvsniane 1s generally carried ous usivg “he midile

Crantion, waich eprears to be eesensislly one isemer (XXVID or XXV

¥) 188 () (00), 273, 299, 147,

5 23% 151, 115, 105, 9%, 9 51 {53), B0, 73 (4 ), 77, 67 ner

2 19

(/e 210}, vastarderne (nfz 292),%° komcadenantane {r/s 1501*% etz.;
(f s {nf E

vons shab of such rolecwlar framewcrks resist Sragmentasion,

ke il

: - . PRE-CUNL R
Some exzspiions in cage nolesules neve been noted. Noradamantane™

tase pesk ez m/e SO {molesular lor 122), and other sirong

peaks Bre present

The secord mest fwbense peak it I, Crlivb imfe 97), deews characterisiic

art in ethano-

of rany damordoid snd cags rolecules and iz 2lss prer

adenantare, M1 otherodiamentans, * sianantane,® bastardane, ° ese.

dlar sage molacul 22 exbibit

the secend mest intsrse pesk at /e $3. In zeneral, hcth dlamaniane and

edarartere are resistent tovards Loss of one carbon fragnents, waile iwo

&nd espactally thres end four carocn losses are scwewhat wore facile.

ray snalysss of dianentane I)%3and sdamsnzane (IV) zonfirm the

expected simtlarities of these ifamond lattics strucwuxes: C-2 tond lemgshs

o

o \
5%

~ 1,54 B, 63° afkedval argles, ard approwimately Sesraheiral (19,5

004 engles (Table V). T

ese rear 1desl Testures sre reflected by the high

‘rerrocmenic sTabllity of thess nyérocarbons; séemantene is ihe rost stable

B ical fermala OisMis and diapantane is She rost stasle

szanes of enp

Cyekzo straciuve possitle, Despite vorable features, both adatanians

and ilamantars are not strain free {Taole ¥). 1 sirsin essimate

) of -32,55 £ 0,19

based on ar oxperimental hest retion {(aHE, gas, 25

weatimole, 4 acd a "straln sgrers indleated & strals

of 6,13 koed/ncle for adamartare.®® Since Shen, two new determinetions of

239 neve been reporied, -3C.65 * 0.9 *€and -30.57 £ 0.9 keal/role.®” Botn

Ler ral and Indicaie & higuer strain ensray of 8,35 keal/

7cle. . An initisl strsir estimets Por ddamantana (I} of 3,49 keal/role,

8sed on ar experirertsl heat of formetlon (AMS gas, 257) of -39.3¢ % 2.C
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(cDf1g) zorplex spectrur ir she rerge 3 2.25-C,T5 and sbsenze of oyslopropyl

233 nre (aw fron ™S) 9.3 {CHla 2.2 (M) 375

prosons at £L.0

> (o) 5 (0H2)z.%% 20mpound hes also teen prepaved

and ckarazverized by MoKervey. @

TrenewPertecyelo8.2,1, 1,275,027, 0% 12 setradecane (X0V) frem Binor-8

Te 50 wl of 7% sulfuric acld was added

Irepitae with cod!

g ard siirrlug 20,0 g Binor-§ disselved in 100 ml methyle

cyolotexene. 4 color change from yellow to red wiz otservad end afser 1/2

hour, ane we

Leyclotexane layer vas separated. The acid layer sas furimer

extrasted wivh methyloyelonexane and the

e orgenic layers were weched

with was

ried ovar MgSC, and svapevated. A rasidue, a combiration of eil

end selid, was obtelned (17.€ g); gle (L0F carbowax, O M, 2 o x 3 me col

170°) indcated four pesus with resentica times 18 mir (3:%), 1.5 =in (51%},

%), end 13,9 min |6%) corresponddng se XXUI {sirusture

23,125,097, 05 ] necradesans (X0KV),

wndeternined}, trans-pe;

tanertene {1}, and unreacised Bincr~S (XITI), XXV was isolated from ths
reaction mixiure by rearyataliizz$ion “rem petraleur ether (80-70°)/acetote,
white crystels, 7D 113~1°2% were obtained; ress spectrum mfe (2l datersity)

8 ()

37.8 {C)gs 37.5 (GH}es 35.4 {

Anel. Seled for CyaFeol ©, BI.ED; 3 ¢, 82.30, ¥, 10.70.

Reaotion at room tempevature produses the same Sour compounds in the

tewing rasios: KOMT (36.3%), X¥XY (37.6%), dacentene (13%) end unr

Binor~8 (3%}, & porsion {1.82 g} of shls mixture gave itemantane ir 70% vield

upen rea: » cyclohexane {see Delow)

rangenent, with Alsry

values, sec texh.

Gund, Osawa, Williams, and Schleyer

3
fr0le,* sugesstead trat 1 was ined 3o apprexinately whe sare
a8 TV, lssovery of two 30114-00itd These wrersitlora
I rasalsed in a corragted rest of formation of -3€.6% koalimole, *®

Talsing the tosal strein srergy to T1.42 keal/mole. Iiamatiane i thus
inifeated to be mors strained than afansnienc bub interestingly the strats
Ter cerben ssema ho be nearly consters (0.8 - 0.5 kealfmele).

Molesular mechanics caloulatisne 17743050 aue
ha crigin of the aurain in totn systema.
suggestel tuat Tae strain could
non-2onded regulsicns. Allinger, s
attributing the stral: tc an excessive nunder of H...3 Tepulsions
he use of different noa-bonced posertial Tuchlone ave resporsitle Sor tho
2ifrerant interpretations, 7250 5o lrulabions agres in th
neats of forratich ané predics dlzmantens to ts mo
(Table ¥V},
free. In aags straciures,
nseract:

Tand 1V, T% e probebly s

rather exceprionally leng C-C

grapatae,

e

Experimental Sectior

rred s

Meanela Fazns, Inc., s

Miercaralyses ware pe

a were

snd by Rovertson laberstorizs, Fleraam Park, H.J. Infrered szec

dsternined eivher n XBr palleus cv &s mujol ~ulls using a Perkin Zirex

pREy

o on Var

237 or 631 specirophote Nnr spscira weve reo

sve reperied in wiits of & (oem)

and EA-100 specsrometers. Chemical s

relative to insernel T rovalograrsic analysis and

separations were perforned cn eivher a Varian Aerogragh 90-P instranent or

©n & Perkin Elner 81C gas civonatogrepn. Velving points were saxar o7 8

Mestler FPI apparatus, or in an oil tath, and ae xob covracied.

Praparation ol Precursore. Cobalt dibremide-trishenyl vhogohire (SoBra-
28y Catelyss 0P
ibromide (30C/R!

3enzer

{260 71}, containing

)} end 2.4 g {0,052 mole) triph

covalt

rerluxad ntil & 20low ctange fran gresn ©d blueegreen ocourred, Tho blues

roon sempevasure in rearly

Drecipitascd wpon 0alirg T

 rielz.

fare of 212 zations

2ipgr=2 (YIIT)2 Tne pre

was Sollowed, & I Ziver 3 necked flask squipped with teflor slaeves, ie

efficient n endensers and & mechanical stirver, was fluthed

aietilled novbernadione.  Ta

I Y ana enarged Witk 200 g of fresuly

2.0 ¢ 003rp * 2Pfa cabalyst {sceabove) eni S ml of Fg-ethersbe (Factman,

distilled withi

twe weeks and kepu in the oold) sa-catalyst were aifed.

4 10 507 witid r L Au shis poind,

ion rixbare vas heste i e smmor.

The reac

“he neesing mantlc Wes removed as & VA{orous exothorile Frocess msuzd,

b1e;

rmie process masT be

Tits exo Zloved te proceed as repidly as po

e ecetens) §s desirable (oo rueh cocling

only ceceelonal coclirg (dry

‘raticn). c3 subsided

vesulte ir urwsnied molyrer W

Xatz Dimer (X3, XIZ).®5 Norkornadiane dimerizenion te give & nixsurs of

tic) was ascomplishe

AT end ¥IT (Ti1 re & with

% Rh/C ceislyst according

145 ranged from 0-45% and were

to she procsdure of Wrovea and Yatz,®®

Sependent on the D8tk of cetalyst used eré otper un

Y, 0f Peptasyelol? 10,107,022 0% 8]zezradaca-s, 11-,

Cormercial sorevnadiens diner mixture

o of 28% Xa, 71% Xb, 3% Xo) (Tedle IT) we

{2040 g) (con

sssclved in 306 g of sbsolute sthanol. Te whis 0.3 g of PsOp catalyet vas

added and she mixTure Was hyGrogsnated cn a PArT apperatus st 3 etm 4
pressure 4 rosm berpergwure for 1.5 hours. The zolubicn wes dilubed with

weser and extracved with psntens, The combine organiz layers were cried

0 g of an oll vhick selidified upon ssanddagy

aver

Mg804 ane svapovated %o give

1o gn 3 10% Carbovex 90 ¥ saluma (3 m x 6 om, 200°) dirdlcated &

le enaly

“ure consistirg of 264 Voe, 714 YIb erd 3% ¥Ic, The cempeunds Wi

ibe the

purified or sesaratsd, Arnold, Trecker ené Whipple™ d:

sreparation of Vs erd, VIb by tydrcgenaiion from Xa and ¥o. 3ot are lov

melting s0lics. Nmr of owr hyirogenated mixsure indirated loss of winyl profons.

of Katz (%I, ¥II) ir Ziinanol. & sclution

Parsiel 1

corteintrg 100 nl stsoluse ethanol, 26,3 g (0,082 role) XI, ¥II (bp T€-77°/0.8 am

X & Farr apperetus at voom temperature

0,05 g FiCz casalyst vas shake

- pressure. After 1 hewr, the upieie of hydrogen ceassh

wder 2.5 atr hydrog:

t left

ant tke rixture wea woried up as mdove,

¢ (108 Apezon-L, 3 = x 3 mm, 205}, indicated

viden was distiilad, bp

56975 oy e
1 neior peax with “he sars resention Yime (2.1 min) asz starting maverial XI,

sy) 286 (x

vess spectrum mfe (rel intens: &) {200y, 171, 158, 157, 203, 132,

133, 189, 121, 120, 119, 113, 117, 166, 195, 95, 35, 93, 98, 3L, B3 19, 66;

65, €4; nrr (SDCLa) showsd the absenze o wayl prozons in & -.3-6.0 region, ouk




Preparation of Diamantane

the presence ¢f cyelopropyl pretons 8% § 0.75 (d); osher resonances weve at

) 233 ().

£ 0,51 (2), 1.05 {m), =

=) 1,88 (10T

tz diner (XI,

ign of ¥atz Limer (XI, XIT) in hcetde Acid. X

%II) (5.0 g) 4n 150 ml of glacial ecetis mald witk 0.5 g Bt0z catelyst was
shexen in a Parr hydrogeresor under 3 abm hydrogen pressure &b riom temperature

wnéil =he uptaxe of hydrogen ceasad (about 3 heurs), The cetalyst was remcved

by razion and tie mixture Ailuted wizh 100 Tl o water end extrected with

5 % 100 ml meth Tae ovgenie leyers were ccllected and dried

ylene chloride.
over ¥g304. Renoval of solvent 1att 1.9 5 of ofl wkich wms dlstilled 2%

ealed two peais

85-889/1,2 m gle (L5% Apieson L, £ m % 3 v column, £00°) ¥

h retention tires of 19.5 nin (13%) and 23.5 min (85%) correspondirg to

compoznds XVITE and XVIle, The mixture Wee nob fusther ceparesed; wess .specirum

/e {rel intersity) 182 Of) (loo), 188, 181, 166, 139, T8, 147, 1.9, 134, 131,

17, 21, 320, 119, 118, 117, 187, w6, 103, S5, 94, 93, 92, 91, 78, TE, 77, 6T;

mar (CIC1g) skows absense of viryl snd -obons and.

coplex splitting betvasr 5 5.7-2,45, This materiel has also bsen prepared

Ty MoXerveytS sirilar!

er (AVL) Wita Sulfurie dcid and Mefnmy

of Jihyiro Xatz

To 200 mL ef 37h aulduric acié vas aided droprise with cooling

g of XV dissolved in 100 7l of metayleyelchexane. After Suirring

he riest clohesmre

overaight at rosw temsarature, the layers vere sepavated.

layer was washod With 100 ml Hx0 axd dried cver ¥gS04. Removal of solvent

rs collected

£t 7.36 g of oil (51% yielé) whick was distilled end three frac

ssparated in the

range 20-85°.

all boiling &t 1 mm %y t: Tow reling soli

iess wio fractions. Tre gle spectra on & 15% Lpiezon L (6 m x 3 mm solums, 200%)

of frastiors were virtually fdenticel &nd showsd 2 peaks w¥izh Tstentlon Sines

18
solvent 1 & o2 iquid which upar disvilledion gave 8.3 g of en oil,
5p T5-80°/1 mej elc irdleated at Least eight pesks, of which tac ihres
major ones wers XX (18%), ¥Xla-xxzb (38%), and OOVTI (i0%). The mass
spectrus of the mixture {mfe 130 () {40)), irdicates tnat reductior nad
taken place 7o & large extert luring irraclation, consistent wita the
assignment of mtructure KXAVII,

o
0%
RKAVIZa feeany

Aral. Caled Por 0.7 Ciapo and 0.3 Cigken: ©5 59.01; H, 10.89. Fourd:
¢, 89.09; 1, 10.90.

Prepared acoording To the Fro
Alder ard Ashe® from sediun cyclopentadiende arnd ethyl bromide
zmmania.
(55) % Acze, Ber., 33, 503 (1962).

EBthyl-exo-ende Setracyslo6.2.1.2% ¢ 5% T dogec ~10-sne [¥XTIZ). %2
Essensially <ne sane confitions ae fon She preparation of XX wove emploved.
Fraghly distilied norbornene (bp §5°, 300 g) wes zeated with 131 g of edhyl-
cyelopeatadiene in & glase pressuve batile dr the dresensz of a tracs of

roguircre st 191-3° for 15 hours, Distillation o7 the reas
save 223,5 g of & olear Uquid (op 29-103%/b rm}; glo dndicated n
tollirg fmpurizics, Gut not The dimar of etayl cyslepentadisnsi ne § 9.5
1

Materiels VL

© Starsin

eral Isonerization Procsdurs T

5, KL, RVEIZ, KXT, KV, XYCQ.  Sach precurser wae dissclved in carson

tn 2 condenser and

disulfide or cyclohewsno ik & flesk =3aipped ¥

The celelyst was ther sdded slowy. Trhe lask was coclsd to mederase she

e reaction #es allowed 10 varn Bo roon emperature

a1 exotherric process.

erd vag then

tures and for the pariods of time indicated

atad 83 the temp

in Teble ¥I. Woriu? irvolved decantirg the organic layer and extracting

the cazelyst layer with sither carbon M4sulfide or hot cyslohexanz. The

with vater, dried o

Cecartad leyer erd extracts were corkined, vashed

¥gs0s exnd eveporated. 17 en oil wes sbielned, this was gararally taken wm

in & emall arourt of pensane and diamentans ves crystalllzed frem 8 dry

Semet:

iczmazetane bask.

s & rapic

Defore apy cryssals of dlemantanc were obieined.

inor=§ (XIT) it

Fram

Swsfaris

uric eozd.

After the initial exs-

tirring to 20 rl of 97H sulf

slovly

had subsided, the reaciion rixture (whizh had twned darl red)

whorris reae

van riirred for 48 hours. ed intoice water, separaved,

sxtracted with eteyl ether. Tre corbined ather sxizacts

snd Tie ayioous lay

were vashed with water and dried over Mgy The selven’ was ther oveporated

wder rodused pressure to give en cily residue consisting of dlarantaze (2),

diarertanone, anc cnst produsts, This residue vae dissolved in petroleum

o Tirst fo slute

etker and « o sludne,

o opertere (0.6 g, 30% vield). After ell tne dlamantane hadeluted, he

solvent was changed o benzene (s small arcunt of ur

obtained), srd finally to ethyl sther. The ether “racticn conteined 0.3 g

material (15% y<el@), vhich had idenizzal ir and nmr specsra witk taose of

CnaracSerization and 1dentffisation af othor produsts wers not

Aiarertercne,

pursuad.

J. Org. Chem., Vol. 39, No. 20, 1974 2985

(85%) axd 22.1 min (15%); rass s:

) (200), 175, 173, 180, 159, 147, 1-6, 15, 13-, 131, 169, 105, 37, 5, 33,

protons, § 0.86 (¢, ), 1.13

52, 91; nmr (2DC15) shows ebszree of

25m Tron T43)

(br), 1.36 (4, or), 187 (d), 2.0 {n), 2,57 (br); *3Cung

B (OH) + () or

(c2)z, 2.0 (cd)

(CHzlzy +0.1 (Ce)y 34.- (CH) + (CHp), 3.1 (TEa)z %% &

B%ons srs indfated with twe degeneracies snd ers sorsistent with cleavage

e one ef the two enuivalont cyclopropans boncs 3o give KVI

Lekexs (aldrien,

i=Methyleyslone

ton of

ek, 18,2 g, 0.1 mole) In 75 ml

-8 g, 0.9 mole) and K-bromesuccininide (A

¢ eolorless hydreearbe:

exied eyer Cally and ¢fa%illed ic give §7.6 g (7c%)

bp 99-105% 7ass spectrut mfe (rel dxtensity) 120 (4}

79 and 77; nmr (1) 8 &

2.9 H); the produes srwesra te Tz a mixture

fed cub under

The Diele Alder reaction was car

Preparesion of XX.

sinflar conditicns &3 resorted by Sslovey ° for the preparation of the parent

(3) 8.3, 5 Sse., 74, 1027 (2952).

58 XACVIT. & mixture of 87,6 g (0.8 mole) of XIXe/XTXs 2nd

(52) s.w. Staley, ?n.D. Thesis,

ef carbor tetrashloride were heased ts re”iux under nagreTie stirring fer

201 erator evernighs, preslpiseted

ATter keeping the mixture ir a refr

rtes.

suceinimide was eollected (5.7 g 93%). The filtrate was eveporsted io give

feh upor distillation gave 12.5 g of pale

a dark cclored oil, v gresn

iqutd, bp 55-58°/10 mm gle, (36 Tie, copper column & © x 6 mr, 2107), indicated

two main ccmponents; rass spectram nfe 176, 174, 96, T9; nor (001s) £ 5.6-

y 1.2-0.9 (ceny

{4, 7% 22z, 2n), 4.65 (7, 1M, CEBr), 1.25 (complex,

r oharactarized.

3, CHa). The mixture was nod furt

1- and E-Nethyl-1,3-crelohexadiens (¥IXa) (¥IXo). & mixture ef 235 g

(ce. 1.85 noles) f the stove bromineted '-nethylcyslohexera and 300 g (4 moles)

Tee distillate

cof quiroline was hzated at 130-1807 under & streenm of nitrogen.

collested in & Teceiver cocled by ice, washed with 11 1 end weter,

1
{4, - ¥10 Hz, irner proten of mevaylere tridze),®S .6¢ (4, 7 T 10 E:
cuter protors of mehylane bridge).
(56) & 8. serniel cations of Luclsar Magnetlz
Reconance Epectroscopy in Organic Chemistry, #nd Bd., Fergeror Pross,
Tew Yorx, 2969,
Zreparation ¢f X'E¥.% Tetraeyelic
i85 1iters of agstore ¥es irradiesed wnde
133 awwrs. Direct reuelyzed mixtur
ef el 8s product, bp 65-37%/ 1 mm. The pos rest
€47, vEich 20ud be The acesone adduct,?! The rass spectrun of
the distilled product indirased 40% redustion of JicFac te Ciges (w/e 183:
130 533-36); =ae arr irdicarac of olefinie presors. ke
sees? mist sorebimes ba rapessed to corplete ta2 meaction,
dge Cataly: n ef 20 g (C.07% role) of AlBrg
0 n1 of cyslohexans in a flass wx condenser, dr
Ing Tube WA addad drogwise 7 (0,03 ncle) of Z-butyl -
quel velure of ayaloamane, The ress
cvarmight ab roon bemnsraturo. Hows
warming of he -asction
svolutis 4 The lear yodiow camelyst
far pralongas
Erexaration of Iron Tebra
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graphical representation of product composition vs. time,
illustrates the course of a typical rearrangement.

We have also isolated XXXV by hydride transfer reduc-
tion of Binor-S (XIII) by the sulfuric acid~methylcyclohex-
ane method®! at 0°. After 0.5 hr under the conditions used,
two major components, XXXVI (34%) (which has not been
identified) and XXXV (51%), as well as diamantane (5%)
and unreacted Binor-S (6%), were observed by gas chroma-
tographic analysis. XXXV was isolated by crystallization
and shown to be identical with the second intermediate ob-
served in the aluminum bromide isomerization. The 13C
nmr spectrum3 of XXXV consisted of five lines. Although
XXIX also has five unique carbons, XXXV is more com-
patible with the chemical shift data34 and is less strained
{AH® (caled) = —18.21 kcal/mol, strain (caled) = 34.85
keal/mol].17 trans- Pentacyelo[8.2.1.1.25,037,08.12]tetradec-
ane (XXXV) isomerizes without intervention of other glc-
detectable intermediates to diamantane (I) and VII in 84
and 6.4% yields, respectively.

H,S80,
—_——
methylcyclohexane

XII
XXXVI + I izm
XXXV
[--> I+ VII
AlBr,
\ —> [XXXIV] — [XXXV]
XX VII/XXVII \_A“ii__/

The mechanism of the rearrangement of XXVIII to I has
been analyzed exhaustively by graph theoretical techniques
involving generation and energetic evaluation of possible
routes. A complete account of this treatment will be pub-
lished separately.le

The diamantane obtained from precursor XXVII or
XXVIII is quite pure. Yields of diamantane were as high as
75%, and average overall yields from Binor-S are about
65-70%.12 McKervey'3 has verified our results indepen-
dently and has used dichloromethane as solvent with even
higher yields, although some chlorinated by-product is
formed as a result. Diamantane is now readily available in
greater than 50% overall yield in three steps from norbor-
nadiene, and is almost as easy to obtain as adamantane.

Conclusion

Diamantane (1) is readily prepared from Lewis acid cata-
lyzed rearrangement of hydrogenated Binor-S (XXVII/
XXVIID) in ~70% yield, and in three steps from commer-
cial norbornadiene in an overall yield of >50%. Other
C14Hgo pentacyclic precursors give lower yields, with the
exception of trans-tetrahydro-Binor-S (XXXV); however,
the preparation of pure XXXV is more cumbersome. In all
cases, in addition to diamantane (I), there was isolated a
disproportionation product (VII), and the proportions of I
to VII varied with the type of precursor. Other catalysts
such as the aluminum bromide-tert-butyl bromide
“sludge” catalyst did not markedly affect the yield, nor did
varying the solvent. The large variation of yield with start-

Gund, Osawa, Williams, and Schleyer

ing material may be explained by mechanistic consider-
ations, as is discussed in a separate paper.l®

The structural and spectral properties of I are summa-
rized and are in agreement with expectations for a diamond
lattice hydrocarbon.
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Methods have been developed for the conversion of diamantane (I) to the three possible types of monofunc-
tional derivatives: 1- (medial), 3- (secondary), and 4- (apical). The 1-diamantyl cation is the most stable and most
readily generated by hydride abstraction. Kinetically controlled nucleophilic attack on this cation can be made to
give 1-bromodiamantane (III) and 1-diamantanecarboxylic acid (V) in liquid bromine and under Koch—Haaf con-
ditions, respectively. Sulfuric acid oxidation of I affords 3-diamantanone (X), a convenient source of other 3-di-
amantyl derivatives. The secondary 3-diamantyl tosylate (XII) solvolyzes about 3.5 times faster than 2-ada-
mantyl tosylate. Under equilibrium conditions apical adamanty! derivatives are favored by enthalpy over their
medial isomers, but the entropy effect is opposite. The enthalpy term for relatively large groups such as methyl
dominates. Thus, 4-methyldiamantane (XXIII) can be synthesized by isomerization of the other methyldiaman-
tanes or of other pentacyclotetradecanes, such as XXII, XXV, or XXVI. The equilibrium is less -one-sided for
smaller substituents, e.g., halide and aleohols, and preparations of apical products require chromatographic sepa-
ration since they are seriously contaminated by their medial isomers. 'H nmr chemical shifts of the various types
of diamantane derivatives can be predicted satisfactorily by using additivity increments obtained from similarly

constituted adamantanes.

The preparation of functional derivatives of diamantane
(I) depended on the availability of the parent hydrocarbo-
n.12 When the yield of I was improved to 10% by employing
the exo-trans-exo norbornene dimer as precursor and alu-
minum bromide sludge catalyst,® the study of the chemis-
try of diamantane began.?-® The reactions employed were

modeled after those which had been used successfully on
the first member of the diamondoid series, adamantane
(I1).6

Bromination of diamantane by neat bromine led to
bridgehead substitution, but, unlike adamantane, two iso-
mers, medial” (1-) and apical’ (4-), were possible. Nmr



