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I. INTRODUCTION

The unique chemical behavior of benzene led chemists many years ago to
speculate about the nature of the closed conjugated system of four double bonds
which would be present in 1,3,5,7-cycloGctatetraene. The synthesis of cyclo-
octatetraene was reported in 1911-13 by Willstitter (159, 165), but the validity
of the synthesis was questioned over a period of several years (6, 66, 73, 74, 155).
Numerous syntheses were proposed for the preparation of eight-membered car-
bocycles and introduction of the double bonds in a stepwise manner, but the
only successful ones gave benzocyclotctatetraenes. In 1940 a group of investi-
gators, under the direction of Julius Walter Reppe, at the I. G. Farbenindustrie
laboratories at Ludwigshaven, Germany, found that cyclodctatetraene can be
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prepared by the polymerization of acetylene in the presence of certain nickel
catalysts. Interest in cyclotctatetraene was revived by the reports of this work
which began to appear shortly after World War I1. Willstdtter’s synthesis was
confirmed (34, 35), other syntheses of cyclodctatetraene were devised, and sev-
eral groups of workers began investigations of its physical and chemical nature.

Studies of organic compounds containing large rings resulted in the synthesis
of numerous eight-membered carbocycles, as, for example, the classic studies of
the preparation of large carbocycles by Ruzicka and by Ziegler. Eight-membered
carbocycles have also resulted from certain reactions which have been found to
bring about ring-enlargement of six- and seven-membered ring compounds.

This review was written as a result of the potential commercial availability
of cyclodctatetraene from acetylene and with the knowledge that cyclodcta-
tetraene can be converted to the great majority of eight-membered carbocycles
which have been prepared by various methods. It was written primarily to
furnish a convenient compilation of the eight-membered carbocycles which have
been prepared, but critical discussions of methods of preparation, molecular con-
figuration, and chemical reactivity have been included. The bi- and polycyeclic
compounds—many of which would be extremely difficult to prepare by other
methods—which have been prepared from eight-membered ring compounds
have also been tabulated. It should be noted that the structures of many of the
products of the reactions described herein, particularly those involving poly-
cyclic ring systems, have not been proved conclusively, and a large amount of
work remains to be done on proofs of such structures, determination of molecular
configurations, and reaction mechanisms.

II. PREPARATION OF EIGHT-MEMBERED CARBOCYCLES
A. BY INTRAMOLECULAR RING-CLOSURE

In the classic study of the preparation of large carbocycles by ring-closure of
dicarboxylic acids, Ruzicka and Brugger (125) obtained cyclodctanone in 21
per cent yield by dry distillation of the thorium salt of azelaic acid. This pro-
cedure has since been used frequently as a source of cyclodctanone (42, 63, 122,
166, 167) and of alkyleyclodctanones, such as 1,1,8-trimethylcyclodetanone
(144, 145). Ricinoleic acid upon oxidation and treatment in the above manner
was found to give mixtures of cycloheptanone and cyclotctanone (99).

In the preparation of large carbocycles by intramolecular condensations of
dinitriles, it was found that ring-closure of azelanitrile can be accomplished in
yields of 90 per cent when sodium or lithium derivatives of secondary amines
are used as condensing agents (138, 168, 169, 170, 171). The product of this ring-
closure is readily hydrolyzed and cyclotctanone is produced in a 75 per cent
yield from the dinitrile (171). The overall reaction is as follows:

NH 0O O
CN ' /—lk
( C/Hg ), —LiNRior CN' mo_, ]CN HO |
N NaNR» t —co,
o N _ _
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This intramolecular condensation was employed by Fry and Fieser (56) in the
following reaction:

CN
CH2 CH2 CN NaN(CH‘—;)CGHs—\ A{-:N‘H
CH,CH.CH,CN (719, yield) )
NH
+
CN

Several examples of the preparation of eight-membered rings by cyclodehydra-
tion have been reported. Sen and Roy (140) assigned cyclodctabenzene structures
to products obtained by heating benzylidene derivatives of levulinic acid with
acetic anhydride. The product formed in this manner was found to give a mono-
phenylhydrazone and a dibenzoyl derivative, to be soluble in caustic, and to de-
colorize bromine and potassium permanganate solutions. These facts were re-
garded as evidence for tautomerism between enol and keto forms and the reac-
tion was written as follows:

l
CH—CHCOCH, CH,COOH S

—

"OH

Subsequent investigators (112a) showed that ox1dat10n of the product of this
reaction gives benzoic acid rather than phthalic acid and that two molar equiva-
lents of hydrogen are absorbed upon catalytic hydrogenation to give a material
containing a lactone ring. On the basis of these observations, the product was
assigned the following structure:

cO

VRN
0] CH,

|
CH=CHC==CH

Knapp (81) reported that the ring-closure of naphthaloylnaphthoic acids to
give eight-membered ring compounds can be accomplished in low yields by
treatment with phosphorus pentoxide, aluminum chloride, or concentrated

sulfuriec acid.
74
—CO Y < 2
> K
_ COH  / P
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One example of intramolecular ring-closure by the Friedel-Crafts reaction to
give an eight-membered carbocycle has been reported (23). The reaction is as
follows:

CH,CH, CsHj;

B. BY RING-ENLARGEMENT

Mosettig and Burger (94) found that alicyclic ketones undergo ring-enlarge-
ment when treated with diazomethane. By this method, cyclotctanone was ob-
tained from cycloheptanone (1, 83) in yields of 37-55 per cent and from cyclo-

0]
0] 0

I
® CH2N2 CH2N2
_ —_

hexanone (5) in a yield of 15 per cent. Ring-enlargement by this method was
successfully applied to 2-chlorocycloheptanone (147), 3-methylcyclohexanone
(98), 3-methylcycloheptanone (98), and a-tetralone (150) to give the correspond-
ing cyclodetanone in low yields. An attempt to prepare a cyclodctanedione from
1,4-cyclohexanedione and diazomethane was unsuccessful (155).

Smith and Pings (143) treated duroquinone with diazomethane and obtained
as one of the products a compound (C,2H;¢N¢Oz) which lost nitrogen on heating
to give a material believed to be an eight-membered diketone (A or B).

I
H,C{ \CH
3 | P_2CHN: o g N,0,
HSC\(CHS
0
1 1
HSC‘ \‘\CHS HSC‘ ‘CHS
or
H:C CHs H,C CH,
|
O 0
A B

Wallach (156) found that ring-enlargement occurred when aminomethyl-
cycloheptane, obtained by the reduction of the cyanohydrin of cycloheptanone,
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was treated with nitrous acid, cyclodctanol being produced. When the cyano-

hydrin was carefully reduced to the aminomethylecycloheptanol before the reac-
tion with nitrous acid, the product was cyclodctanone (149).

O<on HONO O‘O
CHp NH,

C. BY CLEAVAGE OF THE BRIDGE OF BICYCLIC COMPOUNDS

N

The first eight-membered carbocycles were prepared by degradation of cer-
tain alkaloids containing bicyeclic ring systems. In the original synthesis of cyclo-
octatetraene by Willstitter (164, 165), pseudopelletierine (I) was converted to
N-methylgranatoline (II) by reduction of the ketone group, the product de-
hydrated to give N-methylgranatenine (III), and exhaustive methylation carried
out to give the eight-membered carbocycle, a-des-dimethylgranatenine or N,N-
dimethyl-2,4-cyclodctadien-1-ylamine (IV).

CH,—CH——CH, CH,—CH——CH.

: | | N .H, ;' | ‘ LSO,

CH, T‘CHS Co —Dat GHOH _, by, Nem, CHOH S0,

CH,—CH——CH, CH,—CH——CH,

I II
CH‘_’_CH"_(“JH (CH;).N
j . /N
CH, NCH, ¢y Sl , _ AeO | | N
g | i heat ‘
CH,—CH——CH, N_?
II1 v

The N-methylgranatenine (III) was also hydrogenated to N-methylgranatanine
(V) and converted to N, N-dimethyl-4-cyclodcten-1-ylamine (VI) by exhaustive
methylation.

QHg_CH—’_—([JHQ N(CHs),
|
H, ; . I 1. CHsI
CH,—CH——CH, N
A% VI

These reactions were also carried out by Cope and Overberger (34, 35) in their
repetition of Willstdtter’s cyclodctatetraene synthesis.
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The difficulty with which pseudopelletierine is obtained led to the synthesis
of the eight-membered carbocycle from the more readily available alkaloid,
tropinone (33). Tropinone (VII) was converted to the cyanohydrin, the cyano-
hydrin hydrogenated, and the product treated with nitrous acid to bring about
ring-enlargement. The resulting product, R-homotropinone (VIII), an isomer of
pseudopelletierine, was converted to N,N-dimethyleyclobctadienylamine (IX)
in the same manner as was pseudopelletierine,

CH,—CH——-CH,
| | l HCN

i \ _
| ITCHS ‘C_O (76% yield)
CH,—CH——CH,
CHQ—(‘JH“([JHQ CH,—CH——CH.
| JOH ' JOH
’I\TCH é/ H, Pt \‘CH é/ HONO |
< 3 : e E—— -~ 3 P E——
l ' | \CN (729, yield) { ' \CH2NH2 (799, yield)
CH,—CH——CH, CH,—CH—CH.
QH2_(]JH_CH2 C=0 ([JH2_CH'—CH2_CHOH
i } H,, Ni | -H,0
‘ TCHS | (70% yield) ; NCHs ‘ (649, yield)
CH,—CH—CH,—CH, CH,—CH—CH,—CH,
VIII
(IJHQ——(IJH——CH:CH CH. (‘JH——CHg
r . _ CHI
' l\CHs & or \ ITCH;; ” 9%, yleld)
CH,—CH—CH,—CH, CH,—CH—CH,—CH
(CH3)2N (CH3)2N
Ag:0 + heat N
7% yield) or “
Y
IX

A search for a still more convenient source of eight-membered ring compounds
led to their synthesis by removal of the carbonyl bridge of the bicyclo[3.3.1]-
nonan-9-one ring system (X) (26, 30).
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2,4-Diphenylbicyeclo[3.3.1]non-2-en-9-one (XI) was prepared by the Michael
addition of cyclohexanone to benzalacetophenone, followed by cyclization with
acids. Cleavage of the bridge was accomplished by conversion to the oxime
(XII), rearrangement tothe lactam (XIII), and hydrolysis. Exhaustive methyla-
tion of the resulting amine (XIV) gave 2,4-diphenyl-1,4-cyclodctadiene (XV).

0=CC¢H;
AN ————
©=o + CH (80% yield)
Va
CHCsH;
O'—‘_—CCG H5
N CeHs
PN /CHg HCI, CH;COOH H,NOH
< >_ (889, yield) (60-70%, yield)
—————CHC:Hs CsHs o
XI
06H5 CGHS
tosyl chloride @ HC1 N
pyridine y (80% yield)
gHs  (69% yield) ) Cells
XII XIII

CsHa C6H5 C6H5

= = 1. CH,I =
L\ HCHO, HCOOH 2. Ag,0
(789, yield) distillation

O o _/CGH“ (789, yield) /Colls

NH, -HCI N(CHs).

XIV <V

2-Phenylbicyclo[3.3.1lnon-2-en-9-one (XVI) was prepared by treatment of cyclo-
hexanone with g-dimethylaminopropiophenone, followed by an acid-catalyzed
cyclization. Cleavage of the bridge in the manner described above led to the for-
mation of phenyl-1,3-cycloéctadiene (XVII).

©=O 4+ (CH;);NCH.CH,COC:H; ——(ﬁzﬁ_’

OCCsH;
Sefls

AN
(‘\/ _o M _HOIL,CHCOOH | H,NOH
______Cﬁ2 (919 yield) (76% yield)

XVI
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H
c 6H5 625
tosyl chloride HCl | NaOH
pyridine (47% yield)

(649 yield)
C‘G H5 CGHE
- 1. CH;1
HCHO, HCOOH 2. A0
(779, yield) distillation
N\ (569 yield)
NHg N(C 3/2
_CeHs CsHs
/TN —\]
or '
Vi
XVII

Wawzonek (157) cleaved the bridge of 5,10-dihydroindeno[2,1-g]indene
(XVIII) by ozonolysis and reduction of the ozonide to give an eight-membered
diketone (XIX) in 36 per cent yield.

i
/\ O; H, //©
- —
Pd- BaSOy
N
O
XI1X

XVIII

The cleavage of 1,4-diphenyl-1,2,3,4,5,6-hexahydropentalene (XX) in an
identical manner gave a cyclodctanedione (XXI) in 62 per cent yield (158).

0
Cs Hs |
"—'/ ] 0s H., Pt CeHs
- —
CeH;
C6H5
0
XX XXI

Attempts to synthesize 1,5-cyclotctanedione and 1,2,5,6-cyclodctanetetrone
by similar methods were unsuccessful.
D. BY DIMERIZATION OF 1,3-DIENES

Several instances have been reported in which eight-membered carbocycles
were isolated from the mixtures of dimers from 1,3-dienes. Doebner (41) heated
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several 2,4-pentadienoic acids with barium hydroxide and isolated products to
which were assigned structures containing eight-membered ring systems. The
reaction was applied to 8-vinylacrylic acid (XXII), sorbic acid (XXIII), and
4-phenyl-2 ,4-pentadienoic acid (XXIV) with the results indicated in the fol-
lowing equations:

e AN

CH,—CHCH—CHCOOH —%00: _, “ W + } \H “
AN / /

XXII

H;C CH; H;C CH; CH;

pA iy

CH, CH—CHCH—CHCOOH —— ” \H o H H

AN L/

XXIII

CoHs
CsHs CH—CHCH—CHCOOH — CsH; CH—CHCH—CH, + t o

XXIV

Chloroprene has been observed to dimerize on standing or on heating in the
presence of polymerization inhibitors to give a mixture of dimers, from which
an eight-membered cyclic diolefin has been isolated (16, 24, 36, 54). The evi-
dence for a 1,5-cyclodetadiene structure consists of hydrogenation to give cyclo-
octane (16, 24, 54), dehalogenation to give 1,5-cyclodctadiene (24, 37, 54), and
ozonization followed by oxidation to give succinic acid (16). The chlorine atoms
were shown to be in the 1,6-positions (36), a fact which identifies the eight-
membered cyclic chloroprene dimer as 1,6-dichloro-1,5-cyclotctadiene (XXV).
The best yield (22 per cent) of the eight-membered diene was obtained by heating

Cl
N
Cl
XXV

chloroprene under pressure in the presence of phenothiazine and Darco at 80°C.
for 120 hr. (54).

Other 1,5-cyclodctadienes which have been isolated from dimers of 1,3-dienes
are 1,5-cyclodctadiene from 1,3-butadiene in 1-15 per cent yields (54, 172, 174},
1,2,5,6-tetrachloro-1,5-cyclodctadiene from 2,3-dichloro-1,3-butadiene in 13
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per cent yield (54), and 1,2,5,6-tetramethyl-1,5-cyclodctadiene from 2,3-
dimethyl-1,3-butadiene in 5 per cent yield (174).

E. BY POLYMERIZATION OF ACETYLENE

In studying the reactions of acetylene under pressure, German investigators
under the direction of J. W. Reppe found that four or more molecules of acetylene
will condense in the presence of certain nickel catalysts to give cyclic polymers
(13, 38, 68, 71, 76, 114, 115, 116, 117, 118, 119, 120, 142). The main product of
the reaction was shown to be cyclodctatetraene.

These investigators (38, 119) found that when nickel cyanide, calcium carbide,
or ethylene oxide, and tetrahydrofuran were placed in a stirred autoclave and
acetylene introduced continuously at a constant pressure of 15-20 atm. (5 atm.
of nitrogen was used as diluent) at 60-70°C., there was a slow absorption of acet-
ylene for 30-60 hr. The product was shown to contain mainly cyclodctatetraene
and small amounts of benzene, naphthalene, azulene, and hydrocarbons cor-
responding to empirical formulas of C,oH,, and Cy;:H,.. The product obtained
from a typical reaction in a 4- to 5-1. autoclave was reported to consist of 30-50 g.
of benzene, 320400 g. of cyclodctatetraene, and 30-50 g. of higher-boiling hydro-
carbons and residue. The yields of cyclodctatetraene based on the amount of
acetylene absorbed averaged about 70 per cent but yields as high as 90-95 per
cent were reported (71, 76, 114, 115, 117, 142).

When the reaction was carried out at higher temperatures, proportionately
larger amounts of the higher-boiling hydrocarbons were obtained (120). At
90-100°C. the product consisted of 140 g. of cycloGctatetraene, 40 g. of crude
CioHio, 25 g. of crude CioHy,, and 15 g. of higher-boiling hydrocarbons. At 120—
130°C. a 70-g. fraction consisting mainly of the C;oH;, material was obtained.
Upon removal of small amounts of azulene from the product of the reaction
carried out at 90-100°C., by extracting a petroleum ether solution with phos-
phoric acid, an orange-yellow hydrocarbon, CiH;o, and a bright yellow hydro-
carbon, CisH,s, were obtained. By similar purification of the product from the
reaction at 120-130°C., a bright yellow hydrocarbon, C,oH,, was obtained. The
two C,oH,o hydrocarbons were considered by the German workers to be stereo-
isomeric cyclodecapentaenes and the C,.Hi, was considered to be cyclododeca-
hexaene (13, 38, 71, 76, 114, 115, 117, 120).

Subsequent work by two independent groups of workers (27, 40) resulted in
the isolation of vinylcyclodctatetraene and 1-phenyl-1,3-butadiene, both having
a CioH,, empirical formula, from the higher-boiling fractions from cyclodcta-
tetraene preparations. Upon comparison of the properties of mixtures of these
hydrocarbons with the properties reported by the German workers for their
CioHip material, it is evident that they also had a mixture of these two hydro-
carbons. The orange-yellow C;oH,, apparently contained a higher ratio of vinyl-
cyclodctatetraene, which is golden-orange in color, while the bright yellow
Ci1oH)o contained a higher ratio of colorless 1-phenyl-1,3-butadiene. In the light
of these findings, it is doubtful that the C,,;H,» material is the single compound
cyclododecahexaene.
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F. BY MISCELLANEOUS METHODS

The reaction of a,a’-dibromo-o-xylene and sodium was reported (7) to give
an eight-membered carbocycle, 5,6,11,12-tetrahydrocyclodctala,e]dibenzene
(XXVI), in 6 per cent yield along with smaller amounts of two other hydro-
carbons. At high dilution, a 30 per cent yield was obtained (28).

CH,Br -
Na | +
CH2BI‘ /
XXVI
|
HQ(IJ (IJHQ
H:C CH,

/ AN
/ \O OCHS H,C
+
CHCH, e

Fieser and Pechet (52) showed that o-phthalaldehyde and o-phenylenediace-
tonitrile will condense to give -cyclodetala,eldibenzene-5,12-dicarbonitrile
(XXVII) in 47 per cent yield. Hydrolysis followed by decarboxylation gave two
products, cyclobetala,e]dibenzene (XXVIII) and 5,10-dihydroindeno[2,1-alin-
dene (XXIX).

CHO H,C NaOC,H; m H,0
+ NaQC.H, |
CHO H,C
y <
NC CN
XXVII
COOH
= o = VAN
—co. N
- — N
COO0OH

XXVIII XXIX
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The action of cupric chloride on the Grignard reagent prepared from 2,2'-
dibrombiphenyl was reported (113) to give a 16 per cent yield of tetraphenylene,
which was assigned a cyclodetala,c,e,gltetrabenzene structure (XXX), and a 4
per cent yield of diphenylene (XXXI).

Br g J N

Mg CuClL_ + 1 ]

Br ; X Y%
XXX XXXI

In the study of the polymerization of acenaphthene at high temperatures (45),
a very high-melting crystalline compound, Cy;Has, was obtained in 4-5 per cent
yield. The material, fluorocyclene, was considered to have one of the two fol-
lowing structures:

or O \ Q

Subsequent work (44, 46, 47) showed that fluorocyclene can be produced in
yields of 25-38 per cent when the acenaphthene is heated at high temperatures
in the presence of lead oxides.

By the addition of aryllithium compounds to diaryl ketones (50), products
were obtained which were assigned cyclotctala,e]dibenzene structures. For ex-
ample, the product from the addition of 2,6-dimethylphenyllithium to bis(2,6-
dimethylphenyl) ketone was assigned the following structure:

OH OoH
L/
HaC CH3

Hs,C CH; HsC CH;
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Similar products were reported to be formed by the addition of phenyllithium
and mesityllithium to mesityl ketone.

Pyrolysis of tetrafluoroethylene was reported to produce mixtures of poly-
fluorinated cycloparaffins (69). It was suggested that one distillation fraction of
such a pyrolysis was hexadecafluorocyclodctane, although no structural evidence
was given.

Treatment of caoutchouc with nitric acid or lead nitrate was reported to give
a carboxylic acid which was believed to be 5,6-dinitrocyclosctene-1-carboxylic
acid (3).

Several unsuccessful attempts have been made to synthesize cyclodetadi-
benzene compounds, such as the condensation of 2,2'-biphenylcarboxaldehyde
with ethyl succinate (112), ring-closure of 1,4-di(2-iodophenyl)-1,3-butadiene
(112) by the Ullmann reaction, and intramolecular coupling of the diazonium
salt of 1-(2-aminophenyl)-4-phenyl-1,3-butadiene (4).

III. ProPERTIES OF EiGHT-MEMBERED CARBOCYCLES
A. CYCLOOCTATETRAENE
1. Preparation

The first synthesis of cyclodctatetraene was carried out in 1911-13 by Will-
statter, Waser, and Heidelberger (159, 165) by the stepwise introduction of
double bonds into the eight-membered carbocycle which was obtained by de-
gradation of pseudopelletierine (see page 107). The double bonds were introduced
by first subjecting the a-des-dimethylgranatenine (I) (IV of page 107) to ex-
haustive methylation to produce a cyclodctatriene (II). Addition of bromine to
11, followed by treatment of the dibromocyclodctadiene (III) with dimethyl-
amine, gave N,N ,N', N'-tetramethyl-5,7-cyclodctadiene-1,4-diamine (IV). Ex-
haustive methylation gave a yellow hydrocarbon, CsHs, which was believed to
be cyclodctatetraene (V).

N(CHs)g _ Br
\;\1 CHil Ao, heat I N Br, [ N HN(CHy):
l (729, yield) H (689, yield)
=/ N /
Br
1 11 11X
(CH;):N _
CH;I Ag:0, heat N
- el
(19% yield) ' }
V N
(CH;).N
v A%

A number of years later, the validity of the suggested 1,3,5,7-cyclodctate-
traene structure was challenged. Similarities between Willstitter’s product and
styrene were pointed out (6, 66, 155). The observations that cyclodctene is con-
verted to styrene on catalytic dehydrogenation (66) and that the Hofmann ex-
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haustive methylation procedure when applied to diaminobutanes gives ethyl-
acetylene and methylallene in addition to 1,3-butadiene (74) were considered as
evidence that Willstdtter’'s product may not have been cyclodctatetraene. A
mechanism whereby styrene might have been formed was postulated (73).

In 1940 Reppe discovered that cyclodctatetraene can be prepared by poly-
merization of acetylene in the presence of nickel catalysts (see page 112). The
physical constants of the cyclodctatetraene prepared from acetylene and of the
material prepared by Willstitter were not in absolute agreement, but could
easily be accounted for by the fact that Willstitter had a very small amount of
material and was unable to purify it to the same degree as did Reppe. Cope and
Overberger (35) repeated Willstitter’s synthesis from pseudopelletierine and
showed that the product is identical with the cyclodctatetraene prepared from
acetylene. Thus, Willstidtter’s synthesis was confirmed and accordingly deserves
its place in classic synthetic organic chemistry.

Cope and Bailey (24) prepared cyclodctatetraene from the eight-membered
cyclic chloroprene dimer (VI). VI was dehalogenated to 1,5-cyclodctadiene
(VII), the diene treated with two molar equivalents of N-bromosuccinimide, and
the resulting dibromo compound, which was not isolated, treated with dimethyl-
amine to give N,N,N’,N'-tetramethyl-5,7-cyclodctadiene-1,4-diamine (IV).

ClL _ (CH;).N
\ NaNH, \ 1. N-bromosuccinimide_) \]
(6% yield) J 2. (CHy)sNH
N N (347, yield) NN
C (CH;), N
VI VII v

IV proved to be identical with the intermediate (IV of page 107) obtained from
pseudopelletierine and was converted to cyclodctatetraene in the same manner.

Cyeclodetatetraene was also prepared from VII by adding two molar equivalents
of bromine, treating the tetrabromocyclodctane (VIII) with dimethylamine to
give N,N,N’ N'-tetramethyl-2,6-cyclodctadiene-1,5-diamine (IX), and then
using exhaustive methylation (174).

BrBr
Br; 2 (CH;);NH
__ Bmn _2(CHs)NH |
VI —Gigp yield) J (23% yield)
BrBr
VIiil
(CH3)2N
N

exhaustive N /_\
methylation U
N S —
N(CHs).
IX



CHEMISTRY OF EIGHT-MEMBERED CARBOCYCLES 117

An attempt was made (165) to prepare cyclobctatetraene directly from the
dibromocyclosctadiene (III) by dehydrohalogenation, but only bicyclic and tri-
cyclic compounds were obtained.

2. Structure and molecular configuration

Reppe (38, 71, 76, 115, 116, 117, 119, 142) concluded that the product ob-
tained by polymerization of acetylene is 1,3,5,7-cyclodctatetraene on the basis
of its chemical and physical properties. Hydrogenation in acetic acid with pal-
ladium and charcoal catalysts showed the presence of four double bonds and
the product was shown to be cyclobctane. The equivalence of the four double
bonds, an essentially zero dipole moment, and the Raman spectrum, which shows
only seven lines out of a possible forty-two, were considered to indicate that the
molecule has a high degree of symmetry. The infrared spectrum shows no ab-
sorptions due to methylene groups and one single and sharp absorption due to
CH groups, which was considered to indicate equivalence of the CH groups.
These observations were subsequently substantiated by other infrared and Ra-
man spectra studies (85, 86, 87, 88).

Because of its relationship to benzene, cyclodctatetraene has attracted con-
siderable attention in regard to its resonance stabilization and possible aromatic
character. From the heat of combustion of cyclodctatetraene, resonance energies
of 25.3 (104) and 28 (38, 91) kcal./mole were calculated. Even less resonance
energy is indicated by the calculated value of —34.35 =+ 0.34 kecal./mole (111)
for the heat of isomerization of cyclodctatetraene to styrene, which has a reso-
nance energy of 46 kcal./mole (101). X-ray diffraction methods (78, 79) and
molecular and diamagnetic susceptibility measurements (103, 104) indicate the
presence of little or no resonance energy. The C=C absorption in the infrared
spectrum at 1639 cm.™! (88) (A.P.I. Project 44, Infrared Spectrogram 739) is
not shifted from the position of an unconjugated double bond (8), which indicates
that there is little of the usual interaction between conjugated double bonds.
This is also borne out by the ultraviolet absorption spectrum (A.P.I. Project 44,
Ultraviolet Absorption Spectrograms 180 and 207), which does not show distinct
absorptions but only an increasing general absorption toward the shorter wave
lengths.

The chemical reactivity of cyclodctatetraene shows it to be olefinic in character
and, qualitatively, to have little resonance stabilization. It adds halogens readily,
undergoes the Diels-Alder reaction, and is readily oxidized and reduced. Elofson
(48) showed that cyclodctatetraene is reduced polarographically at a voltage
(half-wave potential — 1.5 v.) much lower than aromatic hydrocarbons, in fact,
lower than any known simple olefinic or acetylenic hydrocarbon. This was inter-
preted to indicate that the molecule is highly polarized or polarizable. It is the
first quantitative measurement indicating that cyclodctaetraene, rather than
being stabilized by resonance, is even more reactive than might be expected.

While it is now generally agreed that cyclodctatetraene consists only of an
eight-membered ring system with conjugated double bonds, there is disagree-
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ment concerning the geometric configuration of the molecule. The possible molec-
ular configurations which have been given the most consideration are the chair
form (Da), tub or boat form (Dyg), and the crown forms (D or D). The two
crown forms differ in that the Dy form contains bonds of equal length (which
would be the result of considerable resonance), while the Ds; form contains
alternate single and double bonds. Of these forms, only the D could involve a
strainless configuration.

O O oo

By comparison of the infrared and Raman spectra of cyclodctatetraene and
completely deuterated cyclodctatetraene and by interpretation with the help of
the product rule, Lippincott, Lord, and McDonald (85, 87, 88, 89) concluded
that cyclodctatetraene has the D, structure. An interpretation of the spectra in
terms of the Dy, structure was given (88), but the serious difficulty is encountered
that this structure should have all of the infrared-active fundamentals present
also in the Raman spectrum, which is contarary to the observation of several
strong infrared bonds with no counterparts in the Raman spectrum. The possi-
bility that cyclodctatetraene has two structures in equilibrium was ruled out on
the basis of the simplicity of the spectra.

An x-ray diffraction study (78, 79) on a crystal of cyclodctatetraene confirmed
the alternating single-double bcond structure and the bond lengths were found
to be typically aliphatic (1.34 A. and 1.54 A.) with a C=C—C angle of 125°C.
The data obtained were reported to fit the Dy, structure. The data from electron
diffraction analyses of the cyclotctatetraene vapor have been interpreted to fit
both the crown structure (9, 10, 11, 137) and the Ds; structure (72).

Many of the thermodynamic functions of cyclodctatetraene have been cal-
culated and measured (86, 104, 111, 139), but it was concluded that these would
be of no value in distinguishing between the D, and D4 structures. In the course
of their investigations of cyclosctatetraene, Pink and Ubbelohde (103, 104) ob-
served a transition accompanied by a color change at about 98°K. Subsequent
heat capacity measurements over a range of temperatures showed no anomalies
near 98°K. and no color change was observed (139).

In summary, the physical and chemical properties of cyclodctatetraene are
consistent with the 1,3,5,7-cyclodctatetraene structure, in which there is little
resonance stabilization. There is not, however, complete agreement among in-
vestigators as to the molecular configuration, although the most thorough dis-
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cussions and experimental data published to date indicate the crown (D.) con-
figuration.

3. Reactions

Most of the work which has been done on the chemistry of cyclodctatetraene
was carried out in Germany during World War II at the I. G. Farbenindustrie
laboratories at Ludwigshaven. Descriptions of the work, which was done under
the direction of Julius Walter Reppe, began to appear shortly after the close of
the war in the form of reports written by teams of American and British experts
who visited Germany. Many of these FIAT, BIOS, and PB Reports represent
interrogations of chemists who recited experimental results from memory, with
the result that it is not always clear whether their statements are opinions or
proved facts.

The reports (71, 76, 115, 116, 142) which are believed to contain the most
factual information are based on a manuscript which eventually appeared in
book form (117). The chapter on cyclopolyolefins in the book by Copenhaver
and Bigelow (38) appears to contain all of the pertinent information on cyclo-
dctatetraene which appeared in PB Reports. Reppe, Schlichting, Klager, and
Toepel (119) and Reppe, Schlichting, and Meister (120) reported the experi-
mental procedures and, what is more important, the yields. It becomes evident
from these papers that many of the yields and suggested possibilities contained
in the PB Reports were somewhat exaggerated. These two papers (119, 120)
plus the book by Copenhaver and Bigelow (28) furnish an adequate survey of
the work done by the Germans on cycloéctatetraene.

Many of the reactions of cyclodctatetraene result in rearrangement of the car-
bon skeleton. The German workers attempted to explain the structures of the
reaction products by suggesting that cyclodctatetraene reacted as if it existed
in three forms, A, B, and C.

CH,
N\ 7 4A/|l
0|\
ch/
A B C

In the face of all of the physical evidence which favors structure A
(see page 117), it is undoubtedly incorrect to suggest that cyclodctatetraene
exists in these three forms. It is unnecessary to write such forms to explain the
reactions, since rearrangements of unstable intermediates probably occur rather
than rearrangement of the cyclodctatetraene. One paper (55) has appeared in
which a plausible mechanism is given for the transition to the bicyclo[4.2.0]oc-
tane ring system on addition of halogens. Cyclodctatetraene was assumed to
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exist in the ‘“tub” or all-cts form and the addition of bromine was represented as
follows:

®
/| B Br N
N\l e
:Br:
o
oBr?

It is to be hoped that other such mechanisms will be proposed and established
to explain other rearrangements of cyclic polyolefins.

a. Reduction

Cyclodctatetraene is readily hydrogenated over nickel, palladium, and plati-
num catalysts to the completely saturated cyclodctane (35, 38, 71, 76, 115, 116,
117,118,119, 142, 159, 165). Substituted cyclodctatetraenes are likewise smoothly
hydrogenated to the corresponding substituted cyclodctane: for example, phenyl-
cyclobctatetraene, p-dimethylaminophenyleyclodctatetraene, and vinyleyclote-
tatetraene (27, 32, 40). Since the German workers (38, 71, 76, 115, 116, 117,
118, 119, 120, 142) found that the first three double bonds of cyclodetatetraene
are hydrogenated at a rate roughly ten times that of the fourth in solvents such
as methanol and tetrahydrofuran and with a palladium on calcium carbonate
catalyst, it is possible to interrupt the hydrogenation after absorption of three
molar equivalents of hydrogen to give essentially pure cyclodctene in yields of
83-86 per cent (25, 119).

Cyclosctatetraene adds two atoms of lithium or sodium. Treatment of the
addition product with methanol and with carbon dioxide was reported to give
1,3,6-cyclobctatriene (I} and 1,3,6-cyclodctatriene-5,8-dicarboxylic acid (IT),
respectively (38, 71, 76, 115, 116, 117, 119, 142).

omon, (* ]
__ Li // N\
RENe I
— \_L{ N y COOH
\ CO’—» H
o
COOH
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However, subsequent investigators (31) showed that the product obtained by
treatment of the lithium—-cyclodctatetraene addition product with methanol is
a mixture containing only 20-30 per cent of I along with 20-30 per cent of 1,3,5-
cyclobetatriene, 17 per cent of cyclodctadienyleyclodctadienes (reducible to bi-
cyclodetyl), 10-20 per cent of Cs hydrocarbons less saturated than the cyclo-
dctatrienes, and 7 per cent of polymers. Structure II is probably also incorrect.
A compound of this structure would not be expected to have a high melting
point, whereas the product in question is reported to sublime at 220°C.

Cope and Hochstein (31) found that cyclodctatetraene is reduced to a mixture
of 1,3,5- and 1,3,6-cyclodctatrienes with sodium and liquid ammonia in 61
per cent yield. It was suggested (174) that reduction of cyclodctatetraene in the
cold with sodium and methylaniline in ether gives bicyclo[4.2.0]-3,7-octadiene
(V), which rearranges on heating to 1,3,5-cyclodctadiene (VI). Treatment of
VI with sodium and methylaniline was reported to give 1,3-cyclodctadiene
(VII) which, in turn, gives cyclodctene upon treatment with lithium and methyl-
aniline. The overall reduction was written as follows:

” “ Na 4 CH;NHCH, “ heat N '
=" ‘ N
A% VI
N : f
Na -+ CH]NHCeHsg Li + CH!NHCQH;;X '
Y \J
VII

b. Oxidation

Oxidative reactions of cyclo6ctatetraene lead to the formation of benzene
derivatives except in the case of peroxidation with perbenzoic acid (13, 38, 71,
76, 115, 116, 117, 118, 119, 142). In the gaseous phase, cycloGctatetraene is
oxidized by air over vanadium, molybdenum, or titanium oxides to give benzoic
acid. Yields were reported to be quantitative, although the yield reported in the
only case where the experimental procedure was given (119) was 70 per cent and
some benzaldehyde was isolated. Oxidation of cyclodctatetraene with chromic
acid in acetic acid gives a 14.5 per cent yield of terephthalic acid and a 6 per cent
vield of benzaldehyde (119). With aqueous potassium permanganate a 21 per
cent yield of benzoic acid and some benzaldehyde is produced (119). Alkaline
hypochlorite was reported to give terephthalaldehyde plus small amounts of
benzaldehyde and benzoic acid. The yield of terephthalaldehyde was not dis-
closed, but it is believed to be small.

If an aqueous suspension of cyclodctatetraene is shaken with mercuric sulfate,
phenylacetaldehyde (VIII) is produced. If the water is replaced by glacial acetic



122 L. E. CRAIG

acid or by absolute ethanol, the phenylethylidene diacetate (IX) and the diethyl
acetal of phenylacetaldehyde (X), respectively, are formed (119).

HgSO., H,0 CH,CHO

(70%, yield)
VIII

} \H HgSO,, CH:COOH___ CH;CH(OCOCHS,),

(969, yield)

IX
Hgsod, CszOH s CH2 CH(OC2H5)2

(789, yield)

X

Treatment of cyclodctatetraene in chloroform with perbenzoic acid results in
the formation of the epoxide, which rearranges violently and quantitatively to
phenylacetaldehyde (VIII) upon treatment with acid (13, 38, 71, 76, 115, 1186,
117, 118, 119, 142). Since catalytic hydrogenation of the epoxide gives cyclo-
octanol and bicyclodetane systems do not give ‘cyclodctane on hydrogenation
(160), the compound was considered to be 7,8-epoxy-1,3,5-cyclodctatriene
(XI). Friess and Boekelheide (55) suggested a bicyclodctadiene structure (XII)
for the epoxide on the basis of its ultraviolet absorption spectrum and the uptake
of one molar equivalent of hydrogen and perbenzoic acid by the maleic anhydride
adduct (XIII).

+
“ } CsHs COaH_) ’ VIII
— Va
XII
H, ‘maleic
Pd-CaCOs 'anhydride
OH coQ,
0 I 9
co
XIII

It was suggested that cleavage of the bicyclic ring system of XII during hydro-
genation might be possible, owing to strain present in the molecule. It should
be noted, however, that XIII or a similar polyeyeclic compound might arise from
XI in view of the nature of the products which cyclodctatetraene forms by Diels-
Alder reactions (see pages 126-133).
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c. Addition reactions

Willstatter and Heidelberger (159) obtained addition produets of cyclo-
octatetraene and chlorine, bromine, and hydrogen bromide but the structures
of the products were not known. Subsequent investigations (38, 71, 76, 115, 1186,
117, 119, 142) have shown that the addition reactions of cyclodctatetraene re-
sult in structural rearrangement, with the formation of bicyclo[4.2.0Joctane
derivatives.

Depending on reaction conditions, chlorine adds to cyclodctatetraene to give
a dichloro, tetrachloro, or hexachloro derivative.

Cl N
S0:Cl,; or Cl; at 25-30°C. N
(63-69%, yield)(119) Cl y
I
Cl
c—"
2 80,Cl» at 0-5°C. '
_)
(99%, yield)(119) Cl
Cl
II
Cl
3CLat —30°to—25°c. __ Cl Cl
(19% yield)(119) Cl\ ‘Cl
Cl

The fact that only three moles of chlorine can be added to cyclobctatetraene
was considered an indication of rearrangement to a bicyclic ring system. Proof
of the structure of I was obtained by catalytic hydrogenation to bicyclo[4.2.0]-
octane (III) and by treatment with potassium acetate to give the diacetate
(IV), followed by hydrogenation and hydrolysis to give 7,8-dihydroxybicyclo-
[4.2.0]octane (V), the structure of which was proved by cleavage to the known
hexahydrophthalic acid and hexahydrophthalaldehyde.

Hy Pd-CaCOsorNi_ Cl H,, Ni, KOH
[ (84-88% yield)(119) a1 (27% yield)(119)

I

A
KOCOCH; CHy COO— \W Hy, Pd:CaCO, _
(649, yisld)(119) CH,C00 (989 yield)(119)

¢

v
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CH;COO HCl \
CHscool: (939 yield)(119)

HNO, \ HOOC
/ (85% yield)(119) ~ HOOC

20
HO

v

\ Pb(OCOCH. _ CHO
(259, yield)(119) CHO

The structure of V was subsequently validated by synthesis (29). cis-Diethyl
hexahydrophthalate was cyclized by treatment with sodium at high dilution in
xylene. The resulting cyclic acyloin (VI) was hydrogenated to give a mixture of
stereoisomeric glycols, from which 17 per cent of a crystalline isomer, presumably
the trans glycol, was separated and shown to be identical with V.

COOC.H, Na, xylene 0 H., Ni
129, yield) -
CO0C,H, (2%V 0H
VI

Vv

Other evidence for the structure of I was obtained by Diels—Alder reactions
(138, 38, 71, 76, 115, 116, 117, 119, 142). That it undergoes Diels-Alder reactions
with such substances as maleic anhydride, benzoquinone, dimethyl acetylenedi-
carboxylate, and naphthoquinone is an indication of the presence of conjugated
double bonds. Evidence for the presence of the four-membered ring was obtained
by pyrolysis of the oxidized naphthoquinone adduct (VII) to give anthraquinone
and 3,4-dichlorocyclobutene (VIII).

s -((000

96% (119)

VII
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N
heat X + cl
(98% yield) (119) Cl
Y
VIII

The pyrolysis of adducts of this type may be a very convenient method for pre-
paring the four-membered ring system, particularly cyclobutenes.

Treatment of I with sodium methoxide was found to result in further rear-
rangement to give a product believed to be 7,8-dimethoxybicyclo[5.1.0]-2,5-
octadiene (IX) (38, 71, 76, 115, 116, 117, 119, 142). The evidence cited for this
structure was the absorption of three molar equivalents of hydrogen to give a
compound, formulated as 1-methoxy-1-methoxymethylcycloheptane (X), which
gives cycloheptanecarboxaldehyde (XI) on hydrolysis. The aldehyde was identi-
fied by its semicarbazone and by oxidation to cycloheptanecarboxylic acid
(XII) and conversion to the amide.

NaOCHg K, Pd-CaCO
I CHgO -’___1.0H30>O
96 (119} oH 94% (119)
3
X

CHyOCH;

H', B0 KMnO,

38% (119) OCHO WOCWH
XI XII

Treatment of I with alcohols or carboxylic acids results in aromatization (38,
71,76, 115,116,117, 119, 142). I and methanol give the dimethyl ether of phenyl-
ethylene glycol (XIII), while I and acetic acid give styryl acetate (XIV).

OCH;
CH,OH \ CHCH,OCHs;
(61%, yield)(119) ~
I X111

\ CH,COOH CH=CHOCOCH;

(65% yield)(119)

XIV
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The addition of bromine to cyclosetatetraene also gives dibromo, tetrabromo,
and hexabromo derivatives which were assumed to have the bicyclo[4.2.0]octane
structures of the chlorine derivatives (38, 71, 76, 115, 116, 117, 119, 142). The
dibromo compound gives alkoxy-substituted derivatives with sodium alkoxides
and undergoes Diels—Alder reactions in the same manner as the dichloro deriva-
tive.

Mixed halogenated bicyclo[4.2.0]octane derivatives are obtaiend by addition
of bromine to unsaturated chlorine addition products. These products, as well
as hydrogenation products of various cyclodctatetraene—halogen addition prod-
ucts and their Diels-Alder adducts, are included in table 1 (see Section IV).

The addition of hydrogen bromide to cyclodctatetraene results in the forma-
tion of a-bromoethylbenzene (XV), the structure of which was proved by oxida-
tion to benzoic acid and conversion to a-methoxy- and a-acetoxyethylbenzenes
(38, 71, 76, 115, 119).

HBr CHBrCH;

(66% yield) (119)

XV

d. Diels—Alder reactions

Cyclobetatetraene, with its four conjugated double bonds, would be expected
to react with two molar equivalents of dienophile in the Diels-Alder reaction.
However, with maleic anhydride, alkyl maleates, alkyl acetylenedicarboxylates,
acrylic acid, quinone, and naphthoquinone, cyclodctatetraene reacts only in a
1:1 molar ratio (38, 71, 76, 115, 116, 117, 118, 119, 142). Furthermore, all of the
adducts absorb one less molar equivalent of hydrogen than is expected. These
two facts indicate that structural rearrangement with the disappearance of one
double bond takes place and the reaction of cyclodctatetraene and acrylic acid
is written as follows:

COOH

+ CH.=CHCOOH

(25% yield) 37)

Evidence for the structure of I was obtained by hydrogenation (only two molar
equivalents of hydrogen absorbed), treatment of the saturated acid with hydra-
zoic acid to give the amine, deamination, and hydrogenation to a saturated
hydrocarbon. As the saturated hydrocarbon has an empirical formula of CyoHjs,
it was assigned a tricyclic structure, tricyclo[4.2.2.0?¥]decane (II).
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OOH
2 B, PdC_ HNg
91% (119) ::Ic 75% (119) >
m% H8P04
431 (119)
Bz, Pd-C 3]
E@ 79% (119) > 5 4

I1

The cyclodctatetraene—maleic anhydride adduct (III) (see page 128) is readily
converted to the imide (IV) and esters (V), which are crystalline in the series
from methyl to isoamyl. The anhydride in dilute alkali is hydrogenated stepwise
in the presence of palladium or nickel catalysts to give a dihydro- (VI) or a tetra-
hydro- (VII) dicarboxylic acid, both of which are easily esterified and converted
to the anhydride. VI is the structure written by the German workers for the di-
hydro acid. There seems to be no recorded evidence for the position of the double
bond, and it seems possible that the double bond in the four-membered ring
would be reduced more readily than that in the six-membered ring. By addition
of bromine and by treatment with perbenzoic acid, the dimethyl ester of the
cyclodctatetraene—maleic anhydride adduct (IV, R = CHj;) is converted to a
dibromo and a monoepoxy compound, which were assigned structures IX and
X. Here again, it would seem that the double bond in the cyclobutene ring might
react preferentially.

' Br 205CHg 0:CHg
4 C0,CHg CO,CHg
X X

By condensing quinone and cyclodctatetraene at 140°C. in chlorobenzene, an
adduct is obtained which has a quinoid structure and was assigned the structure
XTI (see page 129). When the adduct is prepared without a solvent at 180-200°C.,
an adduct with the hydroquinone structure is produced (XII). It was found that
XTI can be converted to XII by heating at 180-200°C. Both adducts are readily
hydrogenated and XI can be converted to a diacetate and a dimethoxy deriva-
tive.

The Diels-Alder reactions of cyclodctatetraene with diethyl acetylenedicar-
boxylate and naphthoquinone are shown on page 130 (38, 71, 76, 115, 116, 117,
119, 142).
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CCO5CoHs COxCoHs
ol —
CCO,Cq Hg CO,C2Hg

XIIl

COOH HgC0)50
hydrolysis > E@c (c ) )2 >
OOH heat
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The evidence for the structures of XIII and XV consists in the formation of
diethyl phthalate and anthraquinone, respectively, on pyrolysis. In the pyrolysis
of 7,8-dichlorobicyclo[4.2.0]-2,4-octadiene—naphthoquinone adduct (VII of page
124), the 3,4-dichlorocyclobutene which splits out is conveniently isolated. In
the pyrolysis of XIII and XV, no material has yet been isolated which corres-
ponds to the expected 1,3-cyclobutadiene. Only resinous products, which may
have been formed from 1,3-cyclobutadiene, are obtained. Product XIV was as-
signed a structure identical with VIII, the product obtained by hydrogenation
of the cyclosctatetraene-maleic anhydride adduct. However, the reported melt-
ing point of XIV is 154-155°C. while that of VIII is 130-132°C. Whether they
are structurally different or stereoisomeric is not known.

Configuration of the Diels—Alder adducts: Attempts were made (38, 71, 76, 115,
117, 119) to determine the exact configuration of the diene addition products of
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cyclodetatetraene, and the maleic anhydride adduct was formulated as the endo-
cis compound (XVI). In the anhydride, the carboxyl groups must be cis

7

co
0
co
XVI

with respect to each other. The potassium salt of the ¢7s-dicarboxylic acid, which
forms on careful saponification of XVI, adds chlorine or bromine to give a mono-
halomonocarboxylic acid which was formulated as XVII.

// /
KOH 1. Bry
VI ——> COOK 5T g+ > LY CooH
c00

XVIiI

This structure was again based on the assumption that the double bond of the
six-membered ring adds halogens in preference to the double bond of the four-
membered ring, although it seems possible that the reverse might be true.

With the assumption that XVI represents the cyclodctatetraene—maleic an-
hydride adduct, a number of reactions which were carried out by the German
workers were formulated as indicated in the equations on page 132. Throughout
these transformations, the double bond of the six-membered ring was considered
to react in preference to that of the four-membered ring.

e. Dimerization

Cyclodctatetraene on standing and on heating dimerizes (38, 71, 76, 115,
116, 117, 119, 142) to give a mixture of at least two hydrocarbons, one of which
is a solid (m.p. 43°C.) while the other is a high-boiling oil (b.p. 298°C.). The
solid isomer contains three double bonds, while the liquid isomer contains two,
as shown by catalytic hydrogenation. By carrying out the dimerization under
nitrogen, the liquid isomer is obtained exclusively.

Dimerization of cyclodetatetraene undoubtedly occurs by a Diels-Alder con-
densation. The disappearance of double bonds is best explained by the formation
of new rings, none of which appear to be aromatic, as no aromatic products have
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been isolated by oxidation or dehydrogenation. The German workers suggested
that the dimer containing two double bonds might be explained as follows:

- -~

. 3 7
2 O —_> ——)

‘-—’

Attempts were made to polymerize cyclodctatetraene with peroxide and acid
catalysts but with little success (38). Dimerization occurred in almost all attempts,
although tetramerization was brought about by treatment of cyclodctatetraene
with oxygen. Traces of polymers were obtained in emulsion polymerizations of
mixtures of cyclodctatetraene and butadiene.

f. Miscellaneous reactions

The only reaction which has been found to lead to substitution of cyclodcta-
tetraene is the reaction with organometallic compounds. Cope and Kintner (32),
in an attempt to prepare phenylcycloGetatriene, found that cyclotetatetraene
and phenyllithium react to give phenyleycloietatetraene (I) and a mixture of
1,3,5- and 1,3,6-cyclodctatrienes. The structure of I was proved by comparison
of the hydrogenation product with an authentic sample of phenylcyclodctane.
p-Dimethylaminophenylcyclodetatetraene (II) is prepared from cyclodctate-
traene in an identical manner.

TN
CeH, Li " ' Cols H,, Pd CoHs
/T 14-19% yield) -

TN N
1
U
N \ pLiCsHN(CHy): {ZTQN(CHQQ

I

Cyclodctatetraene is converted directly to cyclodctanemethanol (III) by the
oxo reaction. Only one double bond reacts with carbon monoxide and the other
three are reduced (38, 71, 76, 115, 116, 117, 142).

(_\ CH,OH
][ “ + CO + 5H —
\:/

I
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The reaction of cycloéetatetraene with carbon monoxide and water in the pres-
ence of nickel carbonyl results in the formation of a dimeric dicarboxylic acid, the
same acid which is obtained from the liquid cyclodctatetraene dimer under similar
conditions. The structure of this dicarboxylic acid is unknown.
Cyclodctatetraene forms addition products with silver nitrate and with am-
moniacal cuprous chloride-ammonium chloride (31, 37, 71, 76, 115, 116, 117,
119, 142). It was shown that at least three crystalline adducts with silver nitrate
are formed, corresponding to 2CsHs- AgNO;, CsHs- AgNO;, and 2CsHs-3AgNO;
(31). The third complex is readily recrystallized from 20 per cent aqueous silver
nitrate or alcohol and decomposed by the addition of sodium chloride to give
cyclodetatetraene of high purity. Substituted cyclodetatetraenes such as phenyl-
cyclodctatetraene and vinyleyclodctatetraene also form addition products with
silver nitrate (27, 32, 40). The formation of a silver nitrate adduct has proved
to be an excellent method for the separation of cyclodctatetraene from styrene
(88) and of vinylcyclodctatetraene from 1-phenyl-1,3-butadiene (27, 40).

4. Benzocyclogctatetraenes

During the period when the identity of Willstitter’s cyclodctatetraene was
being questioned, numerous attempts were made to prepare benzocyclotcta-
tetraenes for study of the cycloGetatetraene ring. Successful syntheses of 1,2,5,6-
dibenzocyclodctatetraene (I) (cyclodctala,e]dibenzene, see page 113) and tetra-
benzocyclodctatetraene (II) (tetraphenylene, see page 114) were carried out.

I II

Recently, a method for introducing two double bonds in 5,6,11,12-tetra-
hydrocyclodetala,eldibenzene (111, see page 113) was reported which involves
treatment of III with N-bromosuccinimide, conversion of the resulting dibromo
compound to the diacetoxy compound, and pyrolysis (28). An interesting rear-
rangement to a seven-membered ring compound (IV) occurs when the dibromo
compound is heated with amines.

N-bromosuccinimide

979, yield)

I
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OCOCH,
AgOCOCHa pyrolysis __Pyrolysis
/8% yield) (70%, yield)
Br /
OCOCH;

CH,
Br \ J\ :
amines
——
heat @\

Attempts (157) to prepare I from the elght-membered diketone V (see page
110) were unsuccessful, but a product is obtained on acetylation which was
assigned the cyclotdctala,e]ldibenzene structure, VI.

0] (])C OCH;
/'__—_
(CH;C0),0, H2$O4_)
(349, yield)

—/

0COCH;
v VI

I reacts chemically as an olefinic hydrocarbon; it adds bromine (77) and
readily absorbs two molar equivalents of hydrogen upon catalytic hydrogenation
(52). These facts, plus spectrographic examinations (52) and the observation
that hydrolysis of VI gives V rather than a dihydroxy derivative, indicate that
there is little resonance stabilization of the cyclodctala,e]dibenzene molecule
(I), owing to conjugation of the double bonds in the eight-membered ring, and
hence that the molecule is not planar.

II is an exceedingly stable compound, which can be nitrated and brominated
(113). It is stable to potassium permanganate in acetone (113) but is oxidized
with chromic acid in acetic acid to give a dicarboxylic acid anhydride (VII).
VII is decarboxylated by heating with barium hydroxide to give cyclodcta-
la,c,etribenzene (VIII).

I

Cr;:05, CH;COOH }CQ Ba(OH):, heat }
(249, yield) coO (329, yield)

Vi1 VIII
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While II was found to be aromatic (as it should be since all the double bonds
are present in the benzene rings), VIII was found to add bromine and to absorb
one molar equivalent of hydrogen readily upon catalytic hydrogenation (141).
An electron diffraction study of II showed that the eight-membered ring is not
planar and that the carbon—carbon bond lengths are not equal (77). These facts
indicate that there is also no resonance stabilization of II and VIII, owing to
the conjugated double bonds of the cyclodctatetraene ring.

B. CYCLOOCTATRIENES

There are two possible cyclodctatrienes, 1,3,5-cyclodctatriene (I) and 1,3,6-
cyclodctatriene (II). The triene which is produced by exhaustive methylation

7

H

— N\
I I

of the N, N-dimethylcycloéctadienylamine obtained from pseudopelletierine (34,
35, 159) and from R-homotropinone (33) (see pages 107-108) was believed to
be I. Cope and Bailey (24) prepared cyclodctatriene by degradation of an
N,N-dimethylcyclodctadienylamine which was obtained from 1,5-cyclotceta-
diene (III) by treatment with N-bromosuccinimide and dimethylamine. The
difference in the ultraviolet absorption spectrum of this triene and that of the
triene obtained from the N,N-dimethyleyclodetadienylamine from pseudopel-
letierine was believed to be due to a mixture of I and II arising in the following
manner:

N-bromosuccinimide
—

Br
mBr T O HN(CHg)z_} exhaustiYe , I + 1II
methylation
N —

Subsequent investigations showed that isomeric bromocyclosctadienes are pro-
duced in this reaction (37).

The reduction of cyclodctatetraene to cyclodctatrienes was discussed on
pages 120-121. II was obtained essentially pure by fractional distillation of the
sodium and liquid ammonia reduction product of cyclogctatetraene, and I was
purified through its silver nitrate adduct (31). The ultraviolet and infrared
absorption curves of I and II were used to determine the composition of various
triene mixtures.

The isomerization of II to I by heating in the presence of potassium fert-
butoxide was observed (31). It was also observed that I isomerizes reversibly
on heating to a material which is not II. A sample of I which had been heated

I
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for 7 hr. at 100°C. under nitrogen was found to absorb less than three molar
equivalents of hydrogen upon catalytic hydrogenation to give a product con-
taining 5-10 per cent of bicyclo[4.2.0Joctane. The possibility that I isomerizes
reversibly to IV was suggested.

7
L\
v

It is noteworthy that Ziegler and Wilms (174) suggested that a bicyclo[4.2.0]-
octadiene (V) is formed as the first product upon treatment of cyclodctatetraene
with sodium in methylaniline (see page 121) and that V rearranges on heating
to I.

“ heat_) I

v

It would seem in both cases, particularly in the case of IV where aromatization
could take place, that either one of the other carbon—carbon bonds in the four-
membered ring would break in preference to that also present in the
six-membered ring.

Both I and II are very reactive compounds and are readily hydrogenated
catalytically to cyclodctane (31, 33, 35, 37, 119). The reduction of I to 1,3-
cyclodcetadiene with sodium in methylaniline has been reported (174).

I readily undergoes the Diels-Alder reaction with maleic anhydride (31, 33,
174) and forms a crystalline addition product with silver nitrate (31). Bromine
is added readily, addition apparently taking place in the 1,6-positions (35,
159, 165). Both I and II absorb oxygen rapidly from the air; I absorbs essentially
one molar equivalent of oxygen to give a polymeric peroxide (31). Unsuccessful
attempts were made to dehydrogenate I to cyclobctatetraene (37).

C. CYCLOOCTADIENES

1,5-Cyclodetadienes are prepared by dimerization of 1,3-butadienes (see
pages 110-111), by degradation of N,N-dimethyl-4-cyclodcten-1-ylamine (161,
163, 173, 174), and by dehydrobromination of 5-bromocyclodctene (174).

Willstidtter and Veraguth (161, 163) reported that pyrolysis of the quaternary
hydroxide of N, N-dimethyl-4-cyclodcten-1-ylamine gives a very unstable CsHi.
hydrocarbon, and that addition of two molar equivalents of hydrogen bromide
to this unstable CsH,,, followed by treatment with alkali or quinoline, gives a
stable CsHi hydrocarbon. The unstable hydrocarbon was designated «-cyclo-
dctadiene and the stable, B-cyclodctadiene. Since it was found to dimerize and
to polymerize very readily, a-cyclodctadiene was at first believed to be 1,3-
cyclodetadiene and the stable diene was believed to be either 1,4- or 1,5-cyclo-
octadiene. The a-cyclodctadiene was actually shown to be a mixture, as it was
found to give two hydrogen bromide addition products (CsHsBr and CsH,4Br;
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in a ratio of 1:6 parts) and two bromine addition products (CsH;Br and CsH,;,Br.
in a ratio of 1:5 parts). Treatment of the CsH,;Br material with quinoline was
found to give a CsH,. hydrocarbon with only one double bond, a result which
indicates that the hydrocarbon present in the smaller amount was bicycloSctene.

Harries (70) substantiated the observations that a mixture is formed in the
degradation of the N,N-dimethyleyclodetenylamine. However, he showed by
ozonolysis that the mixture consisted of 1,5-cyclodctadiene (at least 80 per
cent) and bicyclodetene and contained essentially no 1,3-cyclodetadiene.

Ziegler and Wilms (173, 174) suggested that there are two 1,5-cyclodctadienes
and that their difference is due to cis-frans isomerism. They reported that the
degradation of N,N-dimethyl-4-cyclodcten-1-ylamine gives a 77 per cent yield
of a labile diene (m.p. —62°C., nf, = 1.4933) which polymerizes readily and
adds one molar equivalent of phenyl azide in a few minutes (no mention was
made of any bicyclodctene). The diene (m.p. —70.1°C., ni, = 1.4936) prepared
by dimerization of 1,3-butadiene, on the other hand, is very stable and does
not react with phenyl azide (phenyl azide supposedly adds to double bonds in
strained ring systems only (2)). By addition of one mole of hydrogen bromide
to the stable 1,5-cyclodctadiene, treatment with dimethylamine, and exhaustive
methylation, the labile diene is formed. A trans-trans configuration, which would
involve considerable strain, was suggested for the labile diene and a strain-free
cis-cis configuration for the stable diene. Two such structures can be represented
as follows:

c18-Cts trans-trans

Examination of the Raman spectra (67) of these two dienes and comparison of
lines with those known for cis and ¢rans double bonds support these suggested
structures.
The eight-membered chloroprene dimer (I) is readily converted to 1,5-
cyclodctadiene by sodium in liquid ammonia (24, 37).
Cl

Na., NH;
_—_)
CT
I

The 1,5-diene prepared in this manner is stable and presumably has a cis-cis
configuration; this indicates that I probably has the cis-cis configuration also.
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Of the three possible cis-cis forms—‘‘chair,” “skew,” and ‘‘boat’’—which com-
pound I could have, Roberts (121) concluded from dipole moment measurements
that at least 85 per cent of the molecules of I are in the “boat” form, a conclu-
sion which is unexpected in view of the fact that calculation of strain energies
involved in interconversions from one form to another shows that they should
be easily interconvertible.

Cl cl
Cl
Cl

“chair” “skew”’

“boat”

The reactions of 1,5-cyclodctadiene which follow are those of the stable cis-cis
diene. 1,5-Cyclodctadiene forms a crystalline silver nitrate addition product (37)
and is readily hydrogenated to cycloGetane (24, 160, 163, 173, 174). It adds
stepwise one or two molar equivalents of bromine (161, 174) or hydrogen bro-
mide (163, 174). The mono hydrogen bromide addition product, 5-bromocyclo-
octene (II), is converted to the carboxylic acid (III) by carbonation of the
Grignard reagent or to N ,N-dimethyl-4-cyclodcten-1-ylamine (IV), along with
some 1,5- and 1,4-cyclodctadiene, by treatment with dimethylamine (174).
Treatment of the completely brominated diene (V) with methylamine results
in the formation of N ,N,N’,N’-tetramethyl-2,6-cyclodctadiene-1,5-diamine
(VI), which upon exhaustive methylation gives cyclodctatetraene (174).

Br COOH
1. Mg
2. CO, q
— L,
(319, yield) L\
_ _/
11 111

1HB 4 AN

T . )
/ﬁs% yield) (%2% yield) \ HN(CHs),
/ \"

N(CHs),

: G 0-C
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(51% yielszn
N

Br Br N(CHs).
HV(CH,)z 7 \1 exhaustive_)
(23% yxeld) ‘ y methylation
Br Br (CH;):N
VI
_ ﬂ
=/ _
N /
\potassium /1. HN(CH,).
wrt-butoxide " 2. exhaustive methylation
Mixture
VI VI

- /"1 N-bromosuccinimide
= /(53-57%, yield)

_ 2 N-bromosuccinimide
(55-86%, yield)

N(CHs):
Br
\] HN(CH;). N exhaustive
i S —_—
(31-47%, yield) methylation
L/ K_/
Br |
N(CHs).
IX
lheat

CHBrCH; CH.CH,Br
+
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|
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Treatment of 1,5-cyclodctadiene with one molar equivalent of N-bromosuc-
cinimide (24, 37) results in a mixture of 3-bromo-1,5-cyclodctadiene (VII) and
6-bromo-1,4-cyclodctadiene (VIII), which were shown to undergo a reversible
isomerism. With two molar equivalents, 5,8-dibromo-1,3-cyclosctadiene (IX)
results. The bromine atoms of all three of these compounds are very reactive;
all three compounds are readily hydrogenated to cycloGetane and converted to
the corresponding dimethylamino compounds by reaction with dimethylamine.
Heating a mixture of VII and VIII with potassium tert-butoxide in butanol
gives essentially pure 1,3,5-cyclodetatriene, while treatment with dimethylamine
followed by exhaustive methylation gives a mixture of 1,3,5- and 1,3,6-cyclo-
octatrienes. The reaction of IX and dimethylamine followed by exhaustive
methylation gives cyclodctatetraene. Atmosphetic distillation of IX leads to the
elimination of one mole of hydrogen bromide with the formation of a mixture
of CsHsBr isomers, which was shown to contain approximately 50 per cent
a-phenethyl bromide and 25 per cent 8-phenethyl bromide. (See page 140.)

1,4-Cyclodctadiene was obtained as a by-product along with 1,5-cyclodcta-
diene by treatment of II with dimethylamine (174). It was obtained in pure
form by fractional distillation and its structure proved by ozonolysis. The 1,4-
cyclodctadiene ring system is also present in VIII.

1,3-Cyclodetadiene is prepared by decomposition of the quaternary base
N, N-dimethyl-2-cyclodcten-1-ylamine (X) (25) and by dehydrobromination of
3-bromocyclodetene (XI) (25, 174). It was also reported to be formed by treat-
ment of 1-bromo-2-chlorocyclodctene with sodium (43) and by heating 2-
chlorocyclodetanol with dilute ethanol (65, 97).

N(CHs) _ Br
exhaustive quinoline
methylation heat /w
—_—_—— —
" (52%, yield) (93.5%, yield) U
NS
X XI

The products obtained from X and XI as shown above were found to have
slightly different refractive indexes and infrared absorption curves (25). After
purification of the product from X through the silver nitrate adduct, the two
products were found to be identical. It was suggested that a small amount of a
less stable isomer, perhaps a cis-trans isomer, was removed in the purification
to give the pure cis-cis isomer.

1,3-Cyclodctadiene is readily hydrogenated catalytically to cyclodctane (25)
and reduced with lithium in methylaniline to cyclosctene (174). It forms an
unstable silver nitrate addition product and adds one molar equivalent of
bromine in the 1,4-positions (25). Surprisingly, it does not form a Diels—Alder
addition product with maleic anhydride, but rather forms a heteropolymer
(25, 174). It does not add phenyl azide spontaneously (174).
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D. CYCLOOCTENE

Cyclodctene is prepared by the dehydration of cyclodetanol (58, 83, 123,
173, 174), the degradation of trimethylcyclodetylammonium hydroxide (164,
173, 174), the hydrogenation of cyclodctatetraene (see page 120), and the reduc-
tion of 1,3-cyclodctadiene with lithium in methylaniline (174).

Ziegler and Wilms (173, 174) showed that the cyclodctenes obtained by
degradation of trimethyleyclodetylammonium hydroxide and by dehydration
of cyclo6etanol had different refractive indexes and melting points. It was
shown that the olefin from the quaternary base reacts completely with phenyl
azide in a few hours, while the cyclodetene from dehydration of cyclodetanol
requires several weeks. Furthermore, the two cyclodctenes with perbenzoic acid
give epoxides with different melting points. The more reactive cyclodctene was
believed to have a trans configuration, which imparts some strain to the molecule,
and the less reactive, a strain-free cis configuration. It was shown that the
trans isomer can be converted to the cis isomer by heating in the presence of an
acid. The Raman spectra (57, 67) of the two cyclodctenes show lines in agree-
ment with those known for ¢fs and trans double bonds. Determinations of the
heats of hydrogenation (22) and bromination (90) of cyclic olefins of the series
cyclopentene to cyclodctene indicate that cyclodctene (cis isomer) is the least
reactive of the series. The results of these experiments were explained on the
basis of repulsion energy between the carbon atoms of the rings, and the state-
ment was made (90) that these interactions probably exceed the carbon-hydrogen
and hydrogen-hydrogen interaction. An examination of Fisher—Hirschfelder
models shows, however, that there might be a considerable amount of hydrogen
interference in the case of cyclodctane but little or none in the case of cyclotetene.
This could contribute to the decreased reactivity of the double bond in cyclo-
octene.

The properties of cyclotetene obtained by hydrogenation of cyclodetatetraene
resemble those reported for the cis isomer, and the subsequent discussion con-
cerns this stable isomer. Cyclodctene is hydrogenated readily to cyclodetane and
adds the usual reagents which add to a double bond, such as chlorine (83),
bromine (38, 71, 76, 83, 115, 116, 119, 164, 174), hydrogen bromide (164),
hypochlorous acid (65, 97), and nitrosyl chloride (58). Treatment of the dibromo-
or dichlorocyclodctane with amines results in the formation of 1-halocyclodctene
(I) rather than a diene (83). The Grignard reagent of bromocyclodctane gives
cyclodctanecarboxylic acid (II) on carbonation. II is also prepared by the

Br amines \‘Br
AR ;
Br /
I

reaction of cyclodctene with carbon monoxide and water in the presence of nickel
carbonyl (38, 71, 116, 117, 119).
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1. Mg
\TBI‘ 2. CO. \

— N

(' COOH

AN
A I
/

; €0, H,0, Ni(CO),
| (319, yield)

The investigations carried out in Germany under the direction of J. W. Reppe
(38,71, 76, 115, 116, 117, 119, 142) showed that cyclodctene is readily converted
to various other functional derivatives. It is converted to cyclodetanol (III) by
the addition of acetic acid to the double bond, followed by hydrolysis. As cy-
clodetanol can be oxidized to cyclodctanone (IV), this offers a method for the
preparation of IV from cycloGctene, and hence from cyclodctatetraene. Cyclo-
octene is converted to cyclodctanemethanol (V) by the oxo reaction. It is con-
verted to the 1,2-epoxide (VI) by treatment with perbenzoic acid. Cyclodctene
dimerizes readily to give cyclodctenyleyclodetane (VII) and is oxidized readily
to suberic acid (VIII).

CH; COOH OCOCH, hydrolysis OH oxidation
— —_—
III
\] 0. Hy. Co CH.0H 0
} __ GO, H;,Co |
A% v
C; Hs COOOH \\1\
e
VI
H* N
AN
VII
[0]

» HOOC(CH,)sCOOH
VIII
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1 N-bromosuccinimide
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2 N-bromosuccinimide

(439, yield)
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VI undergoes the usual reactions of epoxy compounds. It adds ammonia and
amines (64, 96) and is converted to the glycol upon treatment with dilute acids

(59, 174).
OH 7 NoH

HNR VI Ho0,H '
\HR - . OH

Cyclodetene is acetylated with acetyl chloride in the presence of stannic
chloride (123) to give 3-acetyleyclodetene (IX) (see page 144). It reacts with one
or two equivalents of N-bromosuccinimide (25, 174) to give 3-bromocyclodctene
(X) or 3,8-dibromocvclogetene (XI). Since the bromines are in the allyl position,
they are reactive and can be replaced by amines, although in the case of XI,
some dehydrohalogenation occurs. X is dehydrohalogenated directly by heating
with quinoline to give 1,3-cyclodctadiene (XII) or it can be converted to N, V-
dimethyl-2-cyclodeten-1-ylamine (XIII), which on exhaustive methylation gives
XII (see page 141).

Cyclobetane is dehydrogenated over chromic oxide to give styrene in 93 per
cent yield (66).

ah N

H iy
| 425-455°C. :
N AN

E. CYCLOOCTANE

CrO, 7 |CH=CH,

Cyclotetane has been prepared many times by hydrogenation of various cyclic
olefins as proof of the existence of the eight-membered ring. It was included in
the studies made on homologous series of cyclic paraffins in terms of melting
point (134), parachor and compressibility (124), infrared and Raman spectra
(67, 80), and heats of combustion (135, 146).

CH,
. CH
ﬁ/ CH,
N
J CHs
NPt C
N
\
[ )-omy+ C
CH; CH,
AlCI;
L —
CH;

CH;
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Heats of combustion measurements of the series cyclopentane to cyclodctane
(146) showed that cycloSetane is of about the same stability as cyclopentane and
cycloheptane but 9.6 kcal./mole less stable than cyclohexane. The instability
was attributed to angular or torsional strain in the molecule. Examination of
Fisher-Hirschfelder models shows that freedom of rotation of the CH, groups
about the carbon—-carbon bond is possibly restricted by hydrogen interference.

Cyclodctane can be oxidized to suberic acid (76, 119) and isomerized to
various hydrocarbons. At 390—400°C. over selenium, cyclodctane is converted to
p-xylene (136). With nickel at 205-210°C., a mixture of hydrocarbons contain-
ing mainly 1,2-dimethyleyclohexane is produced (160}. With platinized carbon
at 300°C. (166), equal parts of methylcycloheptane and bicyclo[3.3.0]octane are
produced, while with aluminum chloride (150), a mixture of 1,3- and 1,4-
dimethylcyclohexanes is produced. (For equations see page 145.)

F. CYCLOOCTANONE

Cyclotctanones are prepared by intramolecular ring-closures of dicarboxylic
acids and dinitriles, by ring-enlargement of cyclohexanones and cycloheptanones,
by cleavage of ethylene bridges of bicyclic compounds (see Section II), and
by oxidation of cyclodetanols (76, 115, 156). Ciamician and Silber (19, 20)
treated N ,N-dimethyl-2,4-cyclodctadien-1-ylamine (e-des-dimethylgranate-
nine) with hydrochloric acid and obtained a product, granatal, which was later
shown to be cyclodcten-4-one (I).

ITT(CHs)e O
N )L\}
) )

I

Cyclodctanone was included in studies of homologous series of cyclic ketones
in terms of infrared and Raman spectra (14, 17, 18, 62, 84), parachor and com-
pressibility (124), heats of combustion (135), and dissociation of the cyanohy-
drins (106, 133). As the heat of combustion per CH, group of cycloéctanone is
not significantly different from larger cyclic ketones, no strain appears to be
present in the cyclodctanone molecule, in contrast to cycloetane, which does
show some strain according to similar measurements.

Comparison of the cyanohydrins of the homologous series of five- to twenty-
membered cyclic ketones showed that the dissociation constants of the eight- to
eleven-membered ketones are much higher than those of smaller and larger
ketones. The dissociation constant of the cyanohydrin of cyclodctanone is almost
one thousand times larger than that of cyclohexanone; hence the formation of
the cyanohydrin is greatly hindered. These high dissociation constants of the
eight- to eleven-membered ketones were considered (106) to indicate a configura-

tion in which the oxygen of the carbonyl is turned toward the center of the
ring rather than away from the ring.
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Cyclotetanone is oxidized to suberic acid with chromic acid (58, 125, 156).
It isreduced to cyclodetanol with aluminum isopropoxide (58, 59, 100}, by sodium
in aqueous sodium bicarbonate (123), and catalytically with Raney nickel (82,
132).

Cyclodetanone undergoes the typical carbonyl addition reactions. It forms
an oxime (59, 76, 122, 128), a hydrazone (152, 166), a semicarbazone (58, 83,
93, 122, 125, 156, 171), a 2,4-dinitrophenylhydrazone (15), and an anil (2).
The oxime (I) rearranges to the lactam (II) smoothly upon treatment with
strong acids (21, 76, 129, 130). II is also prepared by treating cvclodctanone with
hydrazoic acid to give a tetrazole (III) which decomposes in the presence of
mineral acids (127, 129). II can be converted to a polymeric amide (21) or re-
duced to the nine-membered cyclic imine, azacyclononane (IV), which is physio-
logically active (129). IV is also obtained by conversion of II to the thiolactam
(V), followed by electrolytic reduction. (For equations see page 147.)

Cyclodetylamine (VI) is conveniently prepared by reduction of I (128).
N-Methyleyclodetylamine (VII) is obtained by the reductive alkylation of
methylamine with cyclodctanone, a method presumably applicable to the prepa-
ration of cyclodctylamines in general (174).

[ N GHOH U\NH2
VI
O
K NHCH;
NH Hs, Ni N '/\
+ CHNH: 7o) d

VII

The hydrazone of cyclodctanone is converted to cyclodctane upon heating in
the presence of alkali (152, 166) and to either 1,3- or 1,4-cyclohexane upon
treatment with aluminum chloride (152).

/N
KOH, beat
i (589 yield) U
!

} AlCl;

CH, CH,

CHs
CH;
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Cyclodctanone forms a cyanohydrin (VIII), which is best converted to
aminomethyleyclodctane (IX) by dehydration of the cyanohydrin before reduc-
tion (126). Hydrogenation of VIII leads to the formation of appreciable
quantities of 1-aminomethyleyclodcetanol (X) along with IX (131). Treatment
of IX with nitrous acid was reported to lead to ring-enlargement in one case
(131) and to the formation of 1-methylcyclodetene (XI) as the main product in
another (126).

OH
— .
Go HON, 1<CN —H0, twc\*
N h —ve Ve

VIII
H,

/A’ Pt | ©0% yiery

OH /‘\

IX + CH,NH __HONO _| (CH()fj;O
B CH,NH, (67% yield)

X IX

} HONO (126)

7 NeHs (¢ \CH:0H p
T+ + (CHp)g CHOH

N N \_J

(529 yield) (59 yield)
X1

Cyclodetanone reacts with Grignard reagents in the usual manner (27, 40,
53, 58), the cyclooctanol formed as the primary product being readily dehydrated
to the substituted cyclotctene. The Grignard reaction with cycloGctanone was
used (53) in the synthesis of n-keto acids and long-chain fatty acids as illustrated
by the following reactions:

0
l

r NCiH

184137 Cr,0;, CH; COOH
4+ n-CisHy;yMgBr (70%yigl—(i)_) “ (80% yield) -
J NS

CsHs s CO(CH,)s COOH WolffAKi~shneT reduction_} CH, (CH2)24COOH
(95%, yield)

1-Phenylcyclodctene, prepared from cyclodctanone by the Grignard reaction,
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adds two molar equivalents of maleic anhydride quantitatively in the Diels-
Alder reaction according to the following scheme (148):

0]

X

I 0
0

/
BN N a’ Lo
CeH;MgX 2 maleic anhydride
| 10% yield)
_/
o/

Cyclodctanone undergoes the Reformatsky reaction (51, 123). The products
which have been isolated in this reaction are indicated in the following scheme:

O 3 bydrotysis - Z: NCH:COOH y, py CH,COOH
(469, yield)
XII

N
BrCH;COOC:H;, Zn N\ hydrolysis
(31% yield) \(\87% yield)
OH

NCH; COOC, Hs

\< _Her /—\I
CH.COOC.H; (419, yield) b

The cyclodetaneacetic acid (XII) can be esterified and reduced to g-cyclodctane-
ethanol (XIII) (123) and can be used in the peroxide alkylation of 2-hydroxy-
1,4-naphthoquinone (51).

Xqr L esterification CH, CH: OH
2. Na, C:H;OH
N XIII
0 0
|
A
"OH (53% yield) oH

0]

Cyclodctanone forms a glycid ester (XIV) which with aleoholic potassium
hydroxide gives cyclodctanecarboxaldehyde (XV) (123) (see page 151).

Acetylene adds to the carbonyl group of cyclodctanone to produce 1-ethanyl-
cyclodctanol (XVI) as the main product (5). XVI can be hydrogenated to the
vinyl compound and dehydrated to give 2-vinyleyclodetene (XVII), which adds
sulfur dioxide to form the cyclic sulfone (XVIII) and undergoes typical diene
reactions with maleic anhydride, quinone, and napththoquinone. The adducts


file:///hydrolysis
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+ CICH:COOC:H;

{
|

————_—_—)
(25%, yield)

0
] KOH \CHO
)CHCHgCOOCQHs _—aﬂso—H_) \—)
AN

XIv XV

have been reduced and oxidized to give various products, as typified in the
equations below by the naphthoquinone adduct (XIX):

0
| OH HO

i (
+ KC=CH - c=cu T c=C
AN

(small amount)
/
1. Hz, Pd'CaCO;
/ heat
69% yield)
e

—————-—_)
' (159, yield) j

/ N 80,
XVII XVII
0]
0]

| (66% yield)

)YQ NaOR, 02 j Zn, KOH
(80% yleld) (69% yleld)
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Treatment of cyclodctanone with phosphorus pentachloride results in the
formation of a mixture of 1,2-dichlorocyclodctane (XX) and 1-chlorocyclodctene
(XXTI). XX is converted to XXI by treatment with aleoholic potassium hydrox-

ide (42). -
ya SN
T Tas( P
N _/ N

XX XX1
KOH
lCszoH
XXI1

Cyclodctanone undergoes the usual reactions associated with methylene groups
in the a-position to a carbonyl group. It forms a dibenzylidene derivative (39,
59) with benzaldehyde and reacts with the sodium salt of nitromalonaldehyde

o /vCHOT
G-l

CH
~

A

o]
™

(109, 110) to give a pentamethylenenitrophenol (XXII), presumably by way
of an intermediate formed from condensation of the dialdehyde with the two
a-methylene groups.

oxime
7
O O
_Jl l _OH
N CH;l, Na, NaNH, /" \CH; Ha, Pt or CH;
J - ' J Na, C:H; O11
- N

(two isomers)

CH; H;C |

o P, A
oo O+ (fen
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With methyl iodide in the presence of sodium and sodium amide, one or two
methyl groups can be introduced in the a-positions (539). The resulting methyl-
cyclodetanones form carbonyl addition compounds and can be oxidized and
reduced in the same manner as cyclodctanone (59, 60). (See page 152.)

2-(Hydroxymethylene)cyclodctanone (XXIII) is prepared by treating cyclo-
octanone with ethyl formate and sodium methoxide (108). Reaction of XXIII
with diethyl acetonedicarboxylate, followed by hydrolysis, results in the forma-
tion of 3,4-hexamethylenephenol-2,6-dicarboxylic acid (XXIV), which can be
decarboxylated stepwise to 3,4-hexamethvlenephenol (XXV). XXV can be
hydrogenated to bicyclo[6.4.0]dodecane (XXVI), which in turn can be oxidized
to c¢?s-3,4-hexamethylenecyclohexanone (XXVII).

9 ;
i
yan /_l . 1. CO(CH;COOC:H;),
‘ HCOOC-H;, NaOCH, ‘ CHOH 2 hydrolysis ,
] (59% yield)
N N
XXIII
OH OH
HOOC COOH COOH
/ N 7 R
quinoline quinoline
—_— _
L/ heat L/ heat
XXIV

0
OH I

R /_Q
H., Pt Cr, 0; U
—_— —

S \__/
XX XXVI XXVII

7N

Cyclodetanone is converted to its sodium salt by sodium triphenylmethane.
Carbonation and esterification give methyl cyclodctanone-2-carboxylate
(XXVIII) (107), which reacts with p-nitrophenylhydrazone to give a pyrazolone
(XXIX). XXVIII can be further alkylated with g-acetylethyltrimethylammo-
nium iodide (which decomposes to methyl vinyl ketone) (107) or with y-chloro-
crotyl chloride (105). The resulting compounds, XXX and XXXI, undergo
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ring-closure in the presence of acids to give the bicyclic compounds indicated
in the following scheme:

o

Cco

XXIX

T (p-0.NCsH,NHNH,)

] ]
TN L NaC(CeHi)s /)
2. CO: COOCHs \\CH; COCH; CH;N*+(CHy)s
3. esterification \7‘8% yield)
(75% yield)
XXVIII
0]
/ /_H CH,CH,COCH;
ACG=CHCH,01 t j<COOCH3
_/(81.5% yield) _/
s
0 0] CH,

0]
| CH,CH=CCICH;s

fosg g
COOCH; b +

XXXI1
cold
HzSOA
CH;C—CH, CH,C CH2
‘1 ,OH i c
L COOCH, COOH
(809 yield) 12% yield)

2-Chlorocyclogctanone (XXXII), conveniently prepared by chlorination of
cyclodctanone (49, 63), reacts with piperazine to give replacement of the active
chlorine (95) and with thiourea to give a thiazole (XXXIII) (49). Reduction
of XXXII with aluminum isopropoxide gives 2-chlorocycloetanol (XXXIV)
with only 7 per cent of the chlorine being removed (100).
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(l) O O
/7 N\ ST\
ﬁ < NH+(§N \
AN N
)

N
] j
Cl Cl  H,NCSNH, 4
78% yield) ‘ J
\ (78% | AN/NH,
XXXII XXXIII
AN
N aluminum
isopropoxide
(929 yield)
N
OH
Cl
XXXIV

A reaction involving both the addition to the carbonyl and the a-methylene
group is the formation of 2,3-hexamethylenequinoline (XXXV) by reaction
with 2-aminobenzaldehyde (127).

0
l

CHO

+ —_—
H, (509, yield)

N

XXXV

Certain substituted cyclodctanediones have been prepared (see pages 105,
106, and 110 for 1,5-cyclodctanediones). The reaction of cyclodctanone with
selenium dioxide in ethanol was found to give 3-ethoxy-1,2-cyclodctanedione
(XXXVI) (61).

0 0
I !

8e0:, C:H;OH [/ﬂ\ =
B i o \
0C.H
\ 2415
XXXVI

AN


file:///aluminum
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Some interesting reactions of 1,5-cyclo6ctanediones have been reported. It
was found (157) that many reactions of the diketone XXXVII lead to the
formation of bridges between the two carbons of the carbonyl groups. An oxygen
bridge is introduced when XXXVII is treated with methylmagnesium iodide
and with dimethyl sulfate. Ammonia and semicarbazide are added with forma-
tion of a nitrogen bridge.

Treatment of the eight-membered cyclic chloroprene dimer (XXXVIII) with
sulfuric acid gives a bicyclic ketone (XXXIX), and 1,5-cyclodctanedione was
postulated as an intermediate (36). The structure of XXXIX was proved by
oxidation to a ketodicarboxylic acid (XL) and hydrogenation to the known
bieyclo[3.3.0]octane (XLI).

-0 -
0]

Cl

f\ 50, |

J HeS0,, . < > KMnO,
e |

L O !
XXXVIII XXXIX
1 H,, Pd HOOC(CH,);CO(CH,); COOH
(93% yield) XL
i

/“————_\ _ Wolff-Kishne I&Jshner \/\

\———-‘—/ reduction \

(93%, yield)

XLI
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G. MISCELLANEOUS EIGHT-MEMBERED CARBOCYCLES

The reaction of 1-bromo-2-chlorocyclodctene (I) and sodium was reported
(42, 43) to give cyclodctyne (II) along with 1,3-cyclodctadiene (IIT) and tri-
hexamethylenebenzene (IV). The evidence for the structure of II rests in the

oxidation to suberic acid.
N
|+ + (CHy)e
N

(_\]Br Na, ether | ‘/
M N4

I 1I 111 Iv

The product, fluorocyclene, formed by heating acenaphthene with lead oxides
was believed to be a cyclodctadiene derivative, either V or VI.

o o

QOO \‘

VI

Fluorocyclene adds bromine to give a dibromo and a tetrabromo derivative and
can be nitrated to give dinitro and tetranitro compounds and sulfonated to give
a tetrasulfonic acid (47). With sodium and alcohol, tetrahydro, octahydro, and
dodecahydro derivatives are produced (44). All compounds of this series, except
the bromine addition products, exhibit a blue or violet fluorescence. The fluores-
cence spectra of fluorocyclene and its partially hydrogenated derivatives have
been examined thoroughly (12, 75, 92, 102, 153, 154).

IV. TABLES

Table 1 contains the eight-membered carbocycles which have been reported
in the literature. The tabulation is believed to represent complete coverage of
the literature with the exception that many derivatives made solely for identifi-
cation purposes have not been included. Table 2 contains the compounds with
condensed polycyclic ring systems which have been prepared from eight-mem-
bered carbocycles. This tabulation was included in this review since many of
these compounds would be very difficult to prepare by other methods.

The compounds are numbered consecutively and are listed in order of increas-

(CBy )

(CHy )

&

98
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TABLE 1

FEight-membered carbocycles

CO“:;?)UND EMPIRICAL FORMULA STRUCTURE PREPARATION AND REACTION PRODUCTS REFERENCES
1...... CslF'1s F; F. From C.F,at 420-450°C. over activated | (69)
Fol” F carbon
2 2
Fa\ 3 %
Fe F,
2...... CsHy “ 70-95% from acetylene with nickel cata- | (13, 38, 68, 71, 76, 114, 115,
| | lysts 116, 117, 118, 119, 120,
— 87-98%, by degradation of compound 173 142)
By degradation of compound 174 (24, 34, 35, 37, 159, 165)
See compounds 4, 5, 6, 7, 31, 43, 67, 74, | (174)
154, 187, 260, 261, 262, 265, 266, 267,
269, 287, 204, 318, 338, and 359
3...... C:H,Cl4 al Cl 12.5%, by dimerization of (54)
CHy—CCICCl=CH,
a1 c1 See compound 43
S CgHsLis Li By addition of lithium to compound 2 | (38, 71, 76, 115, 116, 117,
a4 See compounds 6, 7, and 75 119, 142)
N
Li




691

C:H,O

CsHiy,o

Csll;o

45-529%, from compound 2 with
CeHCOsH
See compounds 24, 46, 296, and 322

62-66%, by degradation of compound 106

71%, from compounds 11 and 12 with
KOC(CHa)s

53% from compound 8 and Mg

20-309, along with compound 7 from
compound 4 and CH,OH

78% by degradation of compound 107

Along with compound 7 from compound
2 and sodium in liquid ammonia

From compound 2 and sodium in
C«H;NHCH,

Along with compound 7 and compound
154 from compound 2 and CeH;Li

By isomerization of compound 7 with
KOC(CH,)s

See compounds 8, 43, and 116

Along with compounds 6 and 154 from
compound 2 and CeH ;Li

Along with compound 6 from compound
2 and sodium in liquid ammonia

Along with compound 6 from compound
4 and CH;0H

Along with compound 6 from the degra-
dation of compound 107

See compounds 6 and 43

(38, 55, 71, 76, 115, 116,
117, 119, 142)

(33, 34, 35, 165)
37

@7)
@1

(24)
(31)

(174)

(32)
@31

32)
@n
(31)

(24)
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TABLE 1—Continued

COMPOUND

NO. EMPIRICAL FORMULA STRUCTURE PREPARATION AND REACTION PRODUCTS REFERENCES
8. ... CsH,oBr: Br 47% from compound 6 and bromine (34, 35, 37, 165)
55869, from compound 15 and N- | (24, 37)
bromosuccinimide
See compounds 6, 43, and 131
Br
9...... Csl1,oCl, Cl 10-22%, by dinerization of chloroprene | (16, 24, 36, 51)
O See compounds 15, 43, and 272
Cl
10...... CsHy Br Br Along with compounds 89 and 136 from | (25)
compound 18 and HN(CHj):
11...... CsllyBr Br 53-57%, along with compound 12 from | (24, 37)
N compound 15 and N-bromosuccin-
imide
See compounds 6, 12, 43, and 86
12...... CsHyBr — Br 53-b7% along with compound 11 from 15 | (24, 37)
and N-bromosuccinimide
By isomerization of compound 11 @37

See compounds 6, 15, 43, and 86




191

031{12

CsHi.

CsHi,

CsH 3Brs

OO

55%, by degradation of compound 109

93.5% by heating compound 26 and quin-
oline

Along with compounds 16 and 245 from
compound 21 and sodium

From compound 40 and dilute C,11;011

See compounds 18 and 31

Along with compound 15 from com-
pound 27 and IIN (CHj;),

77% by degradation of compound 110

1-15% by dimerization of butadiene

56-749, from compound 9 and sodium in
liquid ammonia

55%, by dimerization of
CH;=CHCH=CHCOOH

By heating compound 33 with quinoline

Along with compound 14 from compound
27 and HN(CHj;).

From compound 12 and LiAlH,

See compounds 8, 11, 12, 19, 20, 27, 33,
43, and 159

From compound 21 and sodium
Along with compounds 13 and 245 froin
compound 21 and sodium

Along with compound 21 from com-
pound 29 and alcoholic KOH

(25)
(25, 174)

(43)

(65, 97)

(174)

(161, 163, 173, 174)
(54, 173, 174)

(24, 37, 54)

(41)

(163)
(174)

(37

(42)
(43)

(42)
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TABLE 1—Continued

COMPOUND

NO. EMPIRICAL FORMULA STRUCTURE PREPARATION AND REACTION PRODUCTS REFERENCES
18...... CsH;3Br, Br 78%, from compound 13 and bromine (25)
439, from compound 31 and N-bromo- | (25)
succinimide
See compounds 10, 89, and 136
Br
19...... CsH2Bry Br From compound 15 and bromine (161)
Br
2...... CsHi2Bry B . 519, from compound 15 and bromine (174)
See compound 132
B Br
21...... CsH,2BrCl ' Along with compound 17 from com- | (42)
pound 29 and alcoholic KOH
) See compounds 13, 16, and 245
22...... CsH13:BryO From compound 23 and bromine (19)
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GsH 1,0

C 3}112()

CanBI‘

CaHuBI‘

CsHuBI‘

CsH1:Cl

(- (- (¢

(e

OI1

Br

Cl

-

From compound 85 and aqueous HCl
See compound 22

31% by hydrogenation of comnpound 5
over Pd-CaCOs

70% from compound 32 and HN(CHs).

47-589, from compound 31 and N-bro-
mosuccinimide
See compounds 13, 96, and 191

769 from compound 15 and HBr
See compounds 14, 15, 54, and 97

From compound 34 or 35 and HN (CH;).
or alcoholic KOH

Along with compound 34 from com-
pound 37 and PCl;

See compound 29

(19, 165)

(55)

(83)

(25, 174)

174)

(42, 83)

(42)
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TABLE 1—Continued

COMPOUND
NO.

EMPIRICAL FORMULA

STRUCTURE

PREPARATION AND REACTION PRODUCTS

CusClBI‘z

Csll15CIO0

CsHis

CsIIuBI‘z

CsHuBI‘z

()
Qz:
)

Br

or

Br

From compound 28 and bromine
See compounds 17 and 21

789, by chlorination of compound 37

From «-chlorocycloheptanone and
diazomethane

See compounds 40 and 65

93%, by dehydration of compound 46

629, by degradation of compound 111

83-869, by hydrogenation of compound
2 over Pd-CaCO,

93% from compound 13 and lithium and
C¢H:NHCH,;

See compounds 18, 26, 32, 35, 36, 38, 39,
40, 43, 62, 67, 79, 93, 165, and 195

30-919%, from compound 31 and bromine

See compound 25

From compound 15 and HBr
See compound 15

REFERENCES

(42)

(49, 63)
(147)

(58, 83, 123, 173, 174)

(164, 173, 174)

(13, 38, 71, 76, 115, 116, 117,
118, 119, 142)

(174)

(38, 71, 76, 83, 90, 115, 116,
119, 164, 174)

(163)
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CsH1,Cl,

CsH1Cle

CsH 1, CINO

CsH1,0

Cl

Cl

Cl

Cl

N O

Cl

() ) )

Along with compound 28 from com-
pound 37 and PCl;

909% from compound 31 and chlorine
See compound 28

From compound 31 and NOCI

20% by dry distillation of thorium aze-
late

50-85% by hydrolysis of compound 52
or 53

By treatment of cyclohexanone or cy-
cloheptanone with diazomethane

By treatment of l-aminomethyleyclo-
heptanol with HNO,

By oxidation of compound 46

By oxidation and pyrolysis of ricinoleic
acid

See compounds 28, 30, 34, 42, 45, 46, 51,
55, 57, 60, 64, 69, 70, 72, 80, 82, 83, 88,
102, 103, 129, 135, 157, 160, 161, 164,
176, 197, 207, 233, 235, and 250

(42)7 |

(83)

(58)

(42, 58, 63, 122, 125, 166,
167)

(138, 169, 170, 171)

(1, 5, 83, 94)

(149)

(76, 115, 156)
99)
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TABLE 1—Continued

COMPOUND
NO.

42. ...

EMPIRICAL FORMULA

STRUCTURE

PREPARATION AND REACTION PRODUCTS

REFERENCES

CsH“O

CsI{l 5BI‘

CsH,;sCI0

CsH 1

CeH1sNO

CBHIG

Br

OH

=NOH

&1

J

65% from compound 31 and CsH;COsH
See compounds 47, 49, and 71

From compound 31 and HBr
See compound 62

92% from compound 30 and
Al[OCH(CHy)sls

From compound 31 and HOC1

See compounds 13, 137, and 226

From compound 46 and HI

From compound 37 and H:NOH
See compound 48

By catalytic hydrogenation of;
Compound 2 (80%,)

Compound 3 (80%)
Compounds 6 and 7

(38, 59, 71, 76, 115, 116, 117,
119, 174)

(164)

(100)

(65, 97)

(132)

(122, 128)

(35, 38, 71, 76, 115-119,
134, 159, 165)

(54)

(31, 33, 35, 37, 119)




L91

CsH (CIN

CsH 16N

CeH140

CBH1602

)

Cl

NH,3

—=NNH,

OH

Q)

OH

OH

Compound 8 (19%,)
Compound 9 (59%,)
Compounds 11 and 12 (25-37%)
Compound 15
Compound 31

By heating compound 45 with KOH
and Pt-C

From compound 49 and PCl;

From compound 37 and H.NNH,
See compound 43

85-98%, by reduction of compound 37

67% by hydrogenation of compound 5

By hydrolysis of compound 93

By treatmment of aninomethyleyclo-
heptane with IINO,

See compounds 31, 37, 41, and 93

From compound 38 and dilute acids

(37)

(16, 24, 54)

(37)

(24, 160, 163, 172, 174)
(22, 119, 123, 164)
(152, 166)

o7

(152, 166)

(58, 59, 82, 83, 100, 123,
132)

(38, 71, 76, 115, 116, 117,
119)

(38, 71, 76, 115, 116, 117,
119, 142)

(156)

(59, 174)
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TABLE 1—Continued

COMPOUND
NO.

EMPIRICAL FORMULA

STRUCTURE

PREPARATION AND REACTION PRODUCTS

REFERENCES

CsHpu N

CsH;:NO

CQH12N205

CsHisN

CoHisNO

CsHuNs

NH,

N H:

OH

By reduction of compound 42
See compound 66

From compound 38 and NH;
See compound 44

From caoutchoue and HNO; or
Pb(NOs).

From compound 37 and HCN
See compound 70

By hydrolysis of compound 53
See compound 37

90% from azelanitrile and LiNR,
See compounds 37 and 52

(128)

(64, 96)

@)

(126)

(138, 168, 169, 171)

(167, 168, 170)
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CQHHOZ

CoH,,0;

CeH,;;CIO

CDHIG

C;H;CINO

C¢H,;s0

CsH;60

COOH

-

|
o

==CHOH

COCl

o
=

=
e
=

CHO

I
o

CH,

(< )(/i(ﬁ( ()

319, from compound 27 by carbonation
of the Grignard reagent

81% from compound 37 and
HCOOC:H; in the presence of
N3002H5

See compound 178

From compound 62
See compound 63

From compound 37 and CH;Mgl
From compound 70 and HONO
See compound 58

From compound 57 and NOCI

By alkaline hydrolysis of compound 129

From compound 37 and CH;l in the
presence of Na and NaNH,
See compounds 68, 91, and 92

(174)

(108)

(60)

(58)

(126)

(58)

(123)

(59)




TABLE 1—Continued

COMPOUND

NO. EMPIRICAL FORMULA STRUCTURE PREPARATION AND REACTION PRODUCTS REFERENCES
61...... CoH;160 O (0] By treatment of 3-methylcyclohepta- | (98)
| | none with CH;N,
or
CHs,
CHs
62...... CyH ;602 COOH 31% from compound 31 by the oxo proc- | (38, 71, 117, 119)
ess
By carbonation of the Grignard reagent | (60, 164)
of compound 39
See compound 56
63...... CyHizNO OC ONH, From compound 56 and NHj, (60)
/
64...... CsH17N:O From compound 37 and (58, 83, 93, 122, 125, 156
NNHCONH, H,NNHCONHS, 171) ’
See compound 73
65...... CyH7N.S S From compound 30 and H:.NCSNH, 49)
e

T2
N
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CoHisN:0

C,yH;s0

CeH;150

CoH yN

CoHsN

CoH,sNO

CyHiNO

elololele

NHCONH,

CH, OIL

NHCH;

CH,NTI,

NHCH,

()

OH

on

CH.NH,

From compound 48 and KCNO

From compound 2 or 31 by the oxo proc-
ess
From compound 70 and HNO,

By reduction of compound 60 with Na
and C;H;OH or catalytically

78% from compound 37 and H.NCH, by
reductive alkylation
See compound 111

60% by reduction of compound 51
Along with compound 72 by reduction

of the cyanohydrin of compound 37
See compounds 57 and 67

From compound 38 and CH;NH,

Along with compound 70 by reduction
of the cyanohydrin of compound 37

(128)

(38, 71, 76, 115, 116, 117,
142)
(126)

(60)

(174)

(126)

(131)

(64, 96)

(131)
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TABLE 1—Continued

COMPOUND

NO. EMPIRICAL FORMULA STRUCTURE PREPARATION AND REACTION PRODUCTS REFERENCES
73...... CsH,4N;0 NHNHC ONH, 819 by catalytic hydrogenation of | (93)
compound 64
... ... CioHio - Isolated from the C,oH,e fraction from | (27, 40)
CH=CH, .
the preparation of compound 2
See compounds 88 and 98
75...... CioH1004 COOH Suggested structure for product from | (38, 71, 76, 115, 116, 117,
J AN compound 4 and CO; 119, 142)
N_/
COOH
76...... CroHie AN CH=CH. By hydrogenation of compound 80 over | (5)
# Pd-CaCO;followed by dehydration
See compounds 84, 162, 189, 219, and 249
\—
77 Crollye AN CH 74%, by dimerization of (41)
y CH;CH=CHCH=CHCOOII along
cH, with compound 180
78...... C1oH1sBrs0:8 Br Br From compound 84 and bromine ®)




gL

79

CIOHIGO

CIOHIBO

CIOH1602

CIOHIGOJ

CIOHIGOS

CIOHIGOzs

s
N
N
—/
O
|
OC O0CH;
O
A
N
7N
N/

From compound 31 and CH;COCI in 1
the presence of SnCl,
See compound 90

Along with a small amount of compound
207 from compound 37 and KC=CH
See compound 76

87% by hydrolysis of compound 128
See compounds 87 and 94

75% by carbonation of the sodium salt
of compound 37, followed by esterifi-
cation

See compounds 170 and 177

From compound 37 and SeO: in C.H;0H

From compound 76 and SO,
See compound 78

(123)

&)

(51, 123)

(107)

(61)

%)
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TABLE 1—Continued

COMPOUND

COCH,

NO. EMPIRICAL FORMULA STRUCTURE PREPARATION AND REACTION PRODUCTS REFERENCES
85...... C1oHuN N(CHa;). 77-85% by degradation of N-methyl- | (33, 34, 35, 165)
granatenine methiodide
See compounds 23, 101, and 106
86...... CicHppN — N(CHs): 619, from a mixture of compounds 11 | (24)
N(CHy);  and and 12 and HN(CH,)s
N See compounds 101 and 107
87...... Ci1oHuNO O\ CH,CONH, From compound 81 and NH, (51)
88...... CioHis AN C.H 46-579%, from compound 37 and C,H Mgl | (27, 40)
2% Along with compound 98 on hydrogen- | (40)
ation of compound 74 over Pd-CaCO;
See compound 98
89...... C1oH1sBrN N(CHas): Along with compounds 10 and 136 from | (25)
compound 18 and HN(CH;).
See compound 101
Br
90...... C1oH150 O By hydrogenation of compound 79 (123)




eLT

CIOHISO

CIOHISO

Crol1150.

CIOHISOZ

CioH150s

CieHsN

CH,
CH;s

CII;
7 o
[ CH,

4 COCII;

CH,COOH

OH
CH,COOH

N(CHs).

Along with compound 92 from compound
60 and CH,I in the presence of Na and
NaNHz

Along with compound 91 from compound
60 and CH;I in the presence of Na and
NaNH,

8ee compound 99

31%, by the addition of CH;COOH to
compound 31 in the presence of acids

By acetylation of compound 46

See compound 46

By hydrogenation of compound 81
See compounds 134 and 208

79% by hydrolysis of compound 135

78% from compound 26 and HN (CH,).
See compounds 101 and 109

(39)

(59)

(38, 71, 76, 115, 116, 117,
119, 142)
(82)

(51, 123)

(81)

(25)
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TABLE 1—Coniinued

COMPOUND

NO.

100.. ...

EMPIRICAL FORMULA STRUCTURE PREPARATION AND REACTION PRODUCTS REFERENCES
CroH N N(CHs;). By degradation of N-methylgranata- | (162)
nine methiodide
22% from compound 27 and HN(CH,). | (174)
See compounds 101 and 110
Crollsg 649 on hydrogenation of compound 74 | (27)
Ca Hj .
over platinum
Along with compound 88 on hydrogena- | (40)
J tion of compound 74 over Pd-CaCO;
60-99% on hydrogenation of compound | (27) (40)
88 over platinum
CioH200O CH, By reduction of compound 92 with Na | (60)
OH and C,H;OH
CH.
NS
C1oH2002 AN By reduction of compound 134 with Na | (123)
CH;CH, OH and C,H,0H
CroHaN 85% on hydrogenation of compound 85 | (24, 33, 35)
/_\'N(CH')I over platinum
By hydrogenation of compounds 86, 89, | (24, 25, 164)

96, and 97 over platinum
See compound 111




L1

CllHIBNOI

CllHl7NO2

CIOH 180

CuH,,NO,

CuHgIN

S

OCOCH,

CN

C

| ~CH,

CHO

-

OCOCH;

CONH,

-

N*+(CHy)I-

T

119, from compound 37 and
NaC(CHO):NO;

By the addition of HCN to compound
37 in (CH;C0):0 and CH,COC]
See compound 105

Source unknown

By partial hydrolysis of compound 103

95-97%, from compound 85 and CH,I
See compound 6

(109, 110)

(131)

(145a)

(131)

(34, 35)




TABLE 1—Continued

EMPIRICAL FORMULA STRUCTURE PREPARATION AND REACTION PRODUCTS REFERENCES

8L1

...... CuHzIN A — N*(CIL), I- N+(CHs),I- 919, from compound 86 and CH;I (24)
Sce compounds 6 and 7

and
N
...... CuH200 By distillation of the thorium salt of (144, 145)
CH; alkylazelaic acid
CH3
CH
...... CuH,IN N+(CHj)sI~ 94.59%, from compound 96 and CH,I (25)

See compound 13

J

...... CiiH2IN N+(CH3)3I‘ From compound 97 and CI1,1 (162)

See compound 15

...... CyHzIN N+(CH;)5I- 100% from compound 69 and CII,I (174)
From compound 101 and CH,I (24, 25, 33, 35, 164)
AN See compound 31

|

_/




CrHgNO,

CnIIgNOA

CI2H1002

CI2H1003

(NO:)

(Structure probably incorrect; sce page 105)

O;N h)

L,

) Vg

I
7NN\

@NEI :/LO

(Structure probably incorrect; see page 105)

(Structure probably incorrect; see page 105)

0
|

T

(Structure probably incorrect; see page 105)

By treatment of 8- (m-nitrobenzylidene)-
levulinic acid with (CH;CO).0

By treatment of 5-(p-nitrobenzylidene)-
levulinic acid with (CH;CO).0

40%, yield by treatment of §-benzylidene-
levulinic acid with (CI1;CO),0
See compound 246

By treatinent of é-(p-hydroxybenzyli-
dene)levulinic acid with (CIT1;CO)0

(140)

(140)

(140)

(140)
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TABLE 1—Continued

COMPOUND

EMPIRICAL FORMULA

STRUCTURRE

No. PREPARATION AND RXACTION PRODUCTS REFXIRENCES
116...... C12H150s Possible structure of the maleic anhy- | (33, 174)
dride adduct of compound 6 (64%,)
co
€C0-0
117.... .. CH1,0 (l) 6-7% froma-tetralone and CHsN, (150)
7
N
118...... C:H1 O J /S N 85% by hydrolysis and decarboxylation | (56)
‘ of compound 140 or 141
74% by oxidation of compound 121 (52)
AN See compound 121
119...... C12H,sBr J /—\Br From compound 121 and PBrg (56)
‘ See compound 148
N\
120... ... CiHys Along with compound 15 by dimeriza-| (41)

tion of CH;=~CHCH=CHCOOH




181

CrH160

CiaH,6O

CI2H1602

CI2H180

Cr:H10

By catalytic hydrogenation of com-
pound 118
See compounds 118 and 119

By decarboxylation of compound 150
See compounds 130 and 133

From duroquinone and CH;N

90% by decarboxylation of compound 153

Along with compound 125 by treatment.
of compound 171 with HCl and
CH,COOH

Along with compound 124 by treatment
of compound 171 with HCl and
CH,COOH

(56)

(108)

(143)

(105)
(107)

(107)




TABLE 1—Coniinued

COMPOUND

NO.

EMPIRICAL FORMULA STRUCTURE PREPARATION AND REACTION PRODUCTS
CizHao 5.29, by dimerization of
ony \]CH3 CH=C(CH;)C(CHy)—CH,
(_/II
Ciol1200 By oxidation of compound 133
C12H200; AN CILCOOC-H, 419, by dehydration of compound 135
See compound 81
C12H2005 o 25% from compound 37 and
/" \CHCOOC,H, CICH.COOC:H;
See compound 59
_/
Ciotly, 97% by hydrogenation of compound 122

over platinum, along with a snall
amount of compound 133
See compound 133

(108)

(81)

(123)

(108)

REFERENCES




CI2H22N2

Cr2H22N,

CpIl::0

CI2II22O2

012}12203

N(CII;).
\T

N(CHs).

N(CIH,).

.

N(CH;).

(0381

J

CII,COOC, I

OH

CH,COOC;H;

31-47%, from compound 8 and IIN(CHj).
See compounds 138, 172, and 173

23%, from compound 20 and HN (CH;),
See comnpound 174

Small amount along with compound 130
by hydrogenation of compound 122
over platinum

77% from compound 122 by hydrogena-
tion over nickel

See compound 127

By esterification of compound 94
See compound 100

319, from compound 37 by the Reform-
atsky reaction
See compounds 95 and 128

(24, 34, 35, 37, 165)

(174)

(108)

(108)

(123)

(51




TABLE 1—Continued

COlﬂb’Ig?ND EMPIRICAL FORMULA STRUCTURE PREPARATION AND REACTION PRODUCTS REFERENCES
136...... Ci2H24N2 N(CHy)a Along with compounds 10 and 89 from | (25)
compound 18 and HN (CH,):
} See compound 138
/
N(CH;);
137...... C12H24N:0 OH Along with compound 226 from com- | (95)
/———\ pound 40 and piperazine
—N NH
138...... CisH24N, N(CH,). By hydrogenation of compound 136 (25)
1009 by hydrogenation of compound 131 | (24, 35, 165)
See compound 175
N(CHj)s
139...... C1:H1203 (0] By treatment of 3-(p-methoxybenzyli- | (140)

)i_

CH;0

(Structure probably incorrect; see page 105)

O

dene)levulinic acid with (CH,CO).0




81

Ci:HuNO

Ci3HisNO

CisHuN,

CIBH14N2

CisH10:

SN o

CN

/ NH
CN

COOH

By partial hydrolysis of compound 142
See compound 118

By partial hydrolysis of compound 143
See compound 118

Along with compound 143 from
CH,CH,CN
and
(CH:);CN
NaN(CH;)CeH;
See compounds 140 and 145

Along with compound 142 (q.».)
See compounds 141 and 146

By dehydration of compound 149
See compound 147

(56)

(56)

(56)

(56)
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TABLE 1—Continued

COM;((’)‘.]ND EMPIRICAL FORMULA STRUCTURE PREPARATION AND REACTION PRODUCTS REFERENCES
145... ... Cui:l1;5NO. CONH, By partial hydrolysis of compound 142 | (56)
/ \y=0 See compound 151
146...... C1sH1sNO: S —0 By partial hydrolysis of compound 143 | (56)
See compound 152
CONH:
147.. . ... Ci3H160; COOH 56% by hydrogenation of compound 144 | (56)
/ over platinum
148. .. ... C13H160: 30% by carbonation of the Grignard re- | (56)
COOH
agent of compound 119
149...... Ci3l1603 COOH By hydrolysis of compound 151 (56)
OII See compound 144




151

CIKHIGO:I

CisHizNO,

CisI117NO»

CI3H18()3

CHH12

/ “\Won
\“/CONIL
CHy

cood

0

By partial decarboxylation of compound
157
See compound 122

By hydrogenation of compound 145 over
platinum
See compound 149

By hydrogenation of compound 146 over
platipum

129, along with 809, of compound 169
from compound 170 and concentrated

11,80,

14-199, along with compounds 6 and 7
from compound 2 and C¢H;Li
See compound 167

(108)

(56)

(56)

(105)

32)
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TABLE 1—Continued

COM:;%?ND EMPIRICAL FORMULA STRUCTURE PREPARATION AND REACTION PRODUCTS REFERENCES
155...... C1H120: (0] Form B-cinnamyllevulinic acid and | (140)
)]_ (CH4C0),0
'COCH:
(Structure probably incorrect; see page 105)

156...... CuHie CsH; 56% from degradation of compound 200 | (30)

O See compound 167
157...... CiH 1605 OH 599, from compound 37 and diethyl ace- | (108)

tonedicarboxylate, followed by hy-
HOOC COOH drolysis
See compound 150

158...... CuH N, CeHs From compound 164 and C¢HsN, 2)

l
N
N




681

CHH17NZ

CNHIB

CHHIBNAOG

CHHIBOB

CHHIDN

CuHiN

CsHs

H2N /}CGHS

\—NCGHS
( -
_/

From compound 15 and CsH;N,

Along with compound 168 from com-
pound 37 and C¢H;;MgBr
See compound 236

From compound 37 and 2,4-dinitro-
phenylhydrazine

From compound 76 and maleic anhydride
See compound 166

47-54%, from the oxime of 2-phenylbi-
cyclo[3.3.1]lnon-2-en-9-one by Beck-
mann rearrangement and hydrolysis

See compounds 192 and 227

From compound 37 and aniline
See compound 158

(178, 174)

(33)

(15)

)

(30)

@
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TABLE 1—Continued

COMPOUND

NO. EMPIRICAL FORMULA STRUCTURE PREPARATION AND REACTION PRODUCTS REFERENCES
165...... CuH3Ns CsH; 65% from ¢rans form of compound 31 and | (2, 173, 174)
| CsH;N;
™
N
NIV
166. .. ... C14H 1504 COOH By hydrolysis of compound 162 5)
}H coon
167...... CiHzo _ C.H 78% by hydrogenation of compound 156 | (30)
o over palladium
From compound 154 by hydrogenation | (32)
- over palladium
168...... Cull0 OH Along with compound 160 from comn- | (53)
/ pound 37 and C¢II;MgBr
CeH;
_/
169...... C1412005 CK3 80% along with 209, of compound 153 | (105)

from compound 170 and concentrated
H2SO4




C1sH2:Cl0;

CHH 2204

C1H2BraN,

CHH2812N2

|  coocH

CH,CH=CCICH;

|  ClLCH,COCH;
COO0,CH;

N“F(CI{:;);;I;I‘A

N\
*J

N*(CH;); Br~
NH(CII,):I-

AN

Vi

N+(CI’I3)3IA

81.5%, from compound 82and
CH,;CCl=CHCH.Cl
See compounds 153 and 169

78% from compound 82 and
CI;COCII,CII,N* (CHy)s
See compounds 124 and 125

From compound 131 and CH;Br

87-97.5%, from comnpound 131 and CH,I
See compound 2

(105)

107)

(165)

(24, 34, 35, 37, 159, 165)
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TABLE 1—Continued

COI‘fI(())?ND EMPIRICAL FORMULA STRUCTURE PREPARATION AND REACTION PRODUCTS REFERINCES
174. ... CrH2 12N, NH(CH;),I- From compound 132 and CHsI (174)
See compound 2
N
N

Nt(CHs)sI™
175...... CuH, N, N+(CHs)s I~ 96%, from compound 138 and CH;I (24, 35)

N+(CHa)sI-
176...... CisHizN N\ From compound 37 and ¢-aminobenzal- | (127)

dehyde
N
177... ... C1sHirNsOs N From compound 82 and p-nitrophenyl- | (107)
N— N O hydrazine
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CISH18N2OI

CISHIDNO2

CISH22

C1iH22CINO;

CIGHIOOI

oo

CHOH

CH,NHCOCIIL,
[:::J\\_~;:J==ﬂ)

H,
H;C C CH;

)

HCI-H:N Cq¢H; HOOC CgHs

" NH-HCI

From compound 55 and p-nitroaniline

By hydrogenation of compound 140 over
platinum in (CH;CO):0

Along with compound 77 by dimerization
of CH;CH=CHCH=CHCOOH

79% by hydrolysis of the lactam formed
by Beckmann rearrangement of the
oxime of 2-phenylbicyclo[3.3.1]nonan-
9-one

199, from compound 203, Br., and con-
centrated NH,OH

(108)

(56)

(41)

(30)

(157)
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TABLE 1—Continued

COMPOUND
NO.

EMPIRICAL FORMULA

STRUCTURE

PREPARATION AND REACTION PRODUCTS

REFERENCES

CISHIZ

CIBH12O2

CisH1Br2

CIGHIG

CIGHIGOZ

_/

Br

_/

OH

/

10

709% by pyrolysis of compound 221
199, by decarboxylation of compound 202
See compound 185

369, by ozonolysis and reduction of the
ozonide of compound 335

60%, from compound 335a and
Pb(OCOCH;),

See compounds 188, 198, 199, 204, 206,
213, 243, 251, and 335a

97% from compound 185 and N-bromo-
succinimide
See compound 221

6-309% from w,w’-dibromo-o-xylene
and sodium

65%, by hydrogenation of compound 182
over platinum

See compound 184

By hydrolysis of compound 221

(28)
(52)

(157)

(157)

(28)

(7, 28)

(52)

(28)




G61

CisHuN

CIGH17NO2

CIGIIIQOZ

Ciat200

CieHzN

(< omem

-/
on
|
s\
NH
¥
OH
O

O
C
N
)

13-25%, along with compounds 6 and 7
from compound 2 and p-dimethyl-
aminophenyllithium

See compound 193

47%, from compound 183 and NH;

From compound 76 and naphthoquinone

Small yield from 2-(8-phenethyl)cyclo-
hexylacetyl chloride and AlCl;

349, from compound 26 and p-dimethyl-
aminophenyllithium
Sec compound 193

(32)

(157)

(5)

(23)

(32)
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TABLE 1—Continued

COMPOUND

NO. EMPIRICAL FORMULA STRUCTURK PREPARATION AND REACTION PRODUCTS REFERENCES
192...... CieHasN CesH; 77% from compound 163 and HCHO and | (30)
— HCOOH
See compound 200
N(CHas):
193. ... CieH2sN By hydrogenation of compounds 187 and | (32)
S N(CHa)z .
191 over palladium
\—
194.... .. Cirellas N J By dehydration of compound 197 (123)
See compound 196
\\.—/ \—_.
195...... CirsHas AN 70% from compound 31 and dilute acids | (38, 71, 76, 115, 116, 117,
119, 142)
See compound 196
_ N
196...... CieHso / By hydrogenation of compound 194 over | (123)
platinum
By hydrogenation of compound 195 over | (38, 71, 76, 115, 116, 117,
N AN palladium 119, 142)
197...... C1eHz00: OH HO Asaby-product in the reduction of com- | (123)

-,

pound 37 to compound 46 with Na in
NaHCO; solution
See compound 194




L61

017111702

CanNst

Ci7H,eIN

CIBH10N2

OH  NHCONH,
—
/‘ />\©
N\/
|
OH
C.H;

_1_\I+(CH3)SIA

CN

CN

From compound 183 and CH;MgI

From compound 183 and semicarbazide

100%, from compound 192 and CH ;1
See compound 156

47%, from o-phthalaldehyde and o-phen-
ylenediacetonitrile
See compound 232

(157)

(157)

(30)

(52)
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TABLE 1—Continued

COMPOUND
NO.

EMPIRICAL FORMULA

STRUCTURE

PREPARATION AND REACTION PRODUCTS

REFERENCES

CIBH1204

Ci1sH13BrOs

CIBI{HOK

COOH

CH;COO DBr

P
(

O
0COCH;
.::‘t\

/
|

92% by hydrolysis of compound 232
See compounds 182 and 335

6897, from compound 204 and bromine
See compound 181a

619 from compound 183 and (CH;CO),0
See compound 203

(52) ”

(157)

(157)




CiH 1504

CIBH2003

CIBH3002

0

/' \

/ fco
oC . |

AN N
e Y

g
o0

OCH;

OH HO

0

By heating compound 235 and sulfur

s

849, from compound 183, (CHj;)»S0;, and
NaOH

Small amount along with compound 80
from componund 37 and KC=CH

(148)

(157)

®)
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TABLE 1—Continued

COMPOUND

NO.

EMPIRICAL FORMULA

STRUCTURE

PREPARATION AND REACTION PRODUCTS

REFERENCES

CIDH22OI

C20H14

CqoH14Br,

Cz oH 1 5BI‘OA

0
)ﬁcm—
oH
I
0

|
D
<>

Br

Br

CH:COO Br

|

OCOCH;

53% by peroxide alkylation of 2-hy-
droxy-1,4-naphthoquinone with com-
pound 94

329, by decarboxylation of compound
231
See compounds 210 and 212

61% from compound 209 and bromine

From compound 213 and bromine

(51)

(141)

(141)

(157)



C2O-H.14.Br2

102

CZOHIG

Cz OHIGOC

C20HIBCI2

C2 OH 1802

By hydrogenation of compound 209 over
platinum

349, by acetylation of compound 183
See compound 211

249, from compound 220 and PCl;

By heating compound 219 with oxygen
and NaOC,H;
See compound 218

(141)

(157)

(158)

®)




TABLE 1—Continued

COMPOUND

EMPIRICAL FORMULA

NO. STRUCTURE PREPARATION AND REACTION PRODUCTS REFERENCES
216...... CaoHzo CH 78% by exhaustive methylation of com- | (26)
8% pound 237
See compound 225
CsHs
217...... CaoHzo — C.H, 66% by dimerization of 41)
o CeH;CH=CHCH=CHCOOH
. ,CsHs
R 218...... CyoHzo 69% by reduction of compound 215 with | (5)
O Zn and KOII
7N/ —
AN
219...... CaoH200: From compound 76 and naphthoquinone | (5)
O See compound 215




€02

C20H2002

C20H2004

C2 0171'22

CeoHos

OCOCH;
l
rd/
OCOCH,

Csll;

Y CeHs

CeH;

CslIl,

629, from 1,4-diphenyl-1,2,3,4,5,6-
hexahydropentalene by ozonolysis and
hydrogenation of the ozonide

169, with cleavage of compound 353 with
Pb(OCOCH;),

See compounds 214, 234, and 353

78% from compound 184 and AgOCOCI;
See compounds 182 and 186

929% by degradation of compound 240
See compound 225

By pyrolysis of compound 240
See compound 225

(158)

(158)

(28)

(26)

(26)




TABLE 1—Continued

EMPIRICAL FORMULA

STRUCTURE

PREPARATION AND REACTION PRODUCTS

REFERENCES

CecHaN

C!OHN

CaoH6N:0;

Q
=

Q
=

CeHs

= (D

/ N\
Z
/

z

-

809, from the oxime of 2,4-diphenylbi-
cyclo[3.3.1lnon-2-en-9-one by Beck-
mann rearrangement and hydrolysis

See compound 237

90-96% by hydrogenation of compounds
216, 222, or 223 over palladium
From compound 222 and HI

Along with compound 137 from com-
pound 40 and piperazine

(26)

(26)

(26)

(95)




$02

CauH2NO

CauH2:NO;

Co:H 120

C22H 1203

(-

NHCOC:H;s

HOOC CsHs

CeHs
NH,

ot

(

5

v,
&

G2
205

389, from compound 163 and C¢H sCOCI

By hydrolysis of the lactam formed by
the Beckmann rearrangement of 2,4-
diphenylbicyclo[3.3.1lnonan-9-one

109, by cyclodehydration of 8-(1’-naph-
thoyl)-1-naphthoic acid

5% from B-naphthol, naphthoic anhy-
dride, and AlCI;

(30)

(26)

(81)

(81)
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TABLYE 1—Continued

PREPARATION AND REACTION PRODUCTS

REFERENCES

COM;?;JND EMPIRICAL FORMULA STRUCTURE
231...... CaH 120, Q
CO~_
(e
co”
232 ...... 022H2004 00002115
=
COOC.H;
233...... CooH3.0 CHCgllg
O
CHCs;
234... .. CH2:03 CH,;COO CiH;

249, by oxidation of compound 244 with
Cr0s
See compound 209

73% by alcoholysis of compound 201
See compound 202

I'rom compound 37 and CsH,CIIO

289, by acetylation of compound 220

(141)

(52)

(39, 59)

(158)




C22I I22O 6

CZ?H.‘MOZ

Coolln N

C22H29N

/' \
o Co
Q
o~ 0
CHHOHC:H;
T
\_/——CIICGIL
CsH;

CsHs
" N(CHy),

From compound 160 and maleic anhy-
dride
See compound 205

From compound 37 and CsH,CHO

78%, from compound 224, HCHO, and
HCOOH
See compounds 216 and 238

99% Dby hydrogenation of compound
237 over palladium
See compound 240

(148)

(39)

(26)

(26)
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TABLE 1—Continued

COMPOUND

No.

EMPIRICAL FORMULA

STRUCTURE

PREPARATION AND REACTION PRODUCTS

REFERENCES

Caul1u0,

Calls:IN

C24H12NOs
CaH,5Br

C2H1sNO,

OCHy

Ly
Nos

CeHj

OC.HS

N+(CH3)3I‘
Tetranitrotetraphenylene

Monobromotetraphenylene

<

N
\ 7 COOH

209% by cyclodehydration of 2-meth-
oxynaphthalenenaphthaloylic acid

1009, from compound 238 and CH,I
See compounds 222 and 223

By nitration of compound 244
By bromination of compound 244

319, from compound 183 and isatin

(81)

(26)

(113)
(113)

(157)




602

C24H16

C24H36

Caell 1504

-
-
)

N

O0COC:Hs

0COCsH;,

16% from 1,1’-dibromobiphenyl and
magnesium
See compounds 231, 241, and 242

Along with compounds 13 and 16 from
compound 21 and sodium

From compound 114 and C¢H;COCI

(113)

(43)

(140)
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TABLE 1—Continued

COM;%TJND EMPIRICAL FORMULA STRUCTURE PREPARATION AND REACTION PRODUCTS REFERENCES
247...... Cy6H 150 AN By heating compound 249 with oxygen | (5)
O and N3002H5
I See compound 248
248...... Coolls By reducing compound 247 with amal- | (5)
gamated Zn and HCI
249...... C26l13602 From compound 76 and quinone 5)

See compound 247
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250...... CasHso

251...... CsoH2002

252.... .. C:MIISS()‘&

O CHGlL

[ IK

CelL:CIT O

70% from compound 37 and C;sH3;sMgBr

219%, from compound 183 and CsH;CHO

From bis(2,6-dimethylphenyl) ketoue
and 2,6-dimethylphenyllithinm

(157)

(50)
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TABLE 1—Concluded

COMPOUND EMPIRICAL FORMULA
NO.
253. ... .. CssH460;
254, ... C4 3H22B T2
255...... CysHy:Brs

STRUCTURE

PREPARATION AND REACTION PRODUCTS

C1oH;:Br
CroHs
Br /\
CroHse > CrHe
7 Br

CH;Br

REFERENCES

From mesityl ketone and mesityllith-
ium

Along with compound 255 from com-
pound 256 and bromine

Along with compound 254 from com-
pound 256 and bromine

(50)

(47)

(47)




g1¢

Cusllz

CABH32

CABHKG

Custlao

Tetrahydrofluorocyclene

Octahydrofluorocyclene

Dodecahydrofluorocyclene

4-5%, by pyrolysis of acenaphthene

25-37.5% by pyrolysis of acenaphthene
in the presence of PhLO or PbO,

See compounds 254, 255, 257, 258, and
259

Reduction of compound 256 with Na
and C;H;0I1

Reduction of compound 256 with Na
and CsI{u()II

Reduction of compound 256 with Na
and C II;;OH

(45)
(44, 46, 47)

(44)

(44)

(44)
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TABLE 2
Polycyclic compounds prepared from eight-membered carbocycles

COMPOUND

NO. EMPIRICAL FORMULA STRUCTURE SOURCE REFERENCES
260...... CsH;Brs 7 Br 100% from compound 2 and bromine; | (38, 55,71, 76, 115, 116, 117,
see compounds 264, 273, 290, 311, 320, 119, 142, 159)
B and 343
\ T
261...... CsH;Br, Br Br 27-56%, from compound 2 and bromine | (38, 71, 76. 115, 116, 117,
Br Br Br 119, 142, 159)
‘ or
Br \ Br
Br
262...... CslIBrs Br 559, froin compound 2 and bromine (38, 71, 76, 115, 116, 117,
D <’Br 119, 142)
Br Br
Br
263...... CsH3Br.Cl, Cl Cl 95%, from compound 266 and bromine (38, 71, 116, 117, 119)
Br, —Cl Cl Cl
} or
Br ——Cl B Cl
Cl Br
264...... CeHBr,O (o) From compound 260 and CsI1;CO;l1 (38, 71, 116, 117)
} Br
Br




CU}{sClz

CsHsCly

CsH3Clg

Cst5Cl0

CsHig

Cng(]I}I‘gClz

Cl

Cl Cl Cl
or

Cl

Cl

— .

Cl
Cl

a
7
Q

Cl

Cl

\/l

or

63-699, from compound 2 and Cl; or
S50.Cl,

See compounds 268, 271, 274, 280, 283,
203, 308, 317, 321, and 348

999% from compound 2 and Clz; see con-
pounds 263 and 274

199, from compound 2 and Cl,

From compound 265 and C¢H,CO:H;
see compounds 275 and 281

Suggested product. froin compound 2,
Na, and C¢H:NHCH; in the cold; see
compound 277

299, fromn compound 271 and Br,

(38, 71, 76, 115, 116, 117,
119, 142)

(8, 71, 76, 115, 116, 117,
119, 142)

(38, 71, 76, 115, 116, 117,
119, 142)

(38, 71, 116, 117, 119)

(174)

(38, 71, 115, 116, 117, 119)
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TABLE 2—Continued

COM::gUND EMPIRICAL FORMULA STRUCTURE SOURCE REFERENCES
271, .. ... CsH1oCle al a1 By hydrogenation of compound 265 | (38, 71, 115, 116, 117, 119)
™~ [~ over Pd-CaCO:;; see compounds 270
o a and 274
\ A7 \7
2772, ... CsH1,0 o 70-77%, from compound 9 and H.SO, (36)
“ See compound 276
273...... CsH 12Br, Br 65% by hydrogenation of compound | (38, 71, 116, 117, 119)
l 260 over Pd-CaCO,
Br
74, .. CsH1:Cly l 84-889%, by hydrogenation of compound | (38, 71, 76, 115, 116, 117,
[~ 265 over Pd-CaCO; or nickel 119, 142)
) By hydrogenation of compound 271 | (119)
™ over Pd-CaCO,
99% by hydrogenation of compound | (119)
266 over Pd-CaCO;; see compound 277
275. .. CeH1:CLO cl . 76% by hydrogenation of compound | (38, 71, 116, 117, 119)
‘ ~ ‘ Cl 268 over palladium
c1 °" Ho 1
OH
276. ... C:H 1,0 o 93% by hydrogenation of compound | (36)
“ 272 over palladium; see compound 278




L12

CsH iy

CsHi,

CeH 1,0,

C,Hi;Cl0

CyH12CL 0,

CIOHN

CIOH 1402

fusi
Q
Q

By hydrogenation of compound 269;
27% by hydrogenation of compound
274 with KOH over nickel

93% from compound 276 by Wolff-
Kishner reduction

939 by hydrolysis of compound 312

From compound 265 and NaOCH;

From compounil 268 and CH;OH

43% by heating compound 286 with
H;PO,
See compound 284

96% from compound 265 and NaOCH;

(174) (38, 71, 76, 115, 116,
117, 119, 142)

(36)

38, 71, 76, 115, 116, 117,
119, 142)

(38, 71, 116, 117)

(38, 71, 116, 117, 119)

(38, 71, 76, 115, 116, 117,
119, 142)

(38, 71, 76, 115, 116, 117,
119, 142)
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TABLE 2—Continued

COMs(‘;’fJND EMPIRICAL FORMULA STRUCTURE SOURCE REFERENCES
284, ... Cioll s 79% by hydrogenation of compound | (38, 71, 76, 115, 116, 117,
282 over Pd-C 119, 142)
285 ..... Ciol11:0 OH 509% from compound 286 and HNO, (38, 71, 116, 117, 119)
256...... CroNpzN 75% fromn compound 288 and HN; 38, 71, 76, 115, 116, 117,
119, 142)
See compounds 282, 285, and 344
287...... C1H 120, OOH 25% from compound 2 and acrylic acid | (38, 71, 76, 115, 116, 117,
119, 142)
See compounds 288 and 305
288 ... CiuH 1602 OOCH 91% by hydrogenation of compound 287 | (38, 71, 76, 115, 116, 117,
over Pd-C 119, 142)
See compound 286
280.. ... C12:HeO; 0 By heating compound 295 with (38, 71, 116, 117, 119)

(CI1;CO):0
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202......

C12H10Br;0;

Cy2H14Br,0,

Ci2H10Brs04

CI2HIOCI203

CI2H1003

CI2H1004

CI2H1004

Br co
>o
7
Br c6
Br (l\
- >0
0
Br COOH
Brx COOH
0
Cl \0
Cl 0/
O\o
0/
COOH
COCH
0
~N
0 /0

93% from compound 260 and maleic
anhydride

28% from coinpound 323 by hydrolysis

By hydrolysis of compound 320

80% from compound 265 and maleic
anhydride
See compound 324

88-977% from compound 2 and maleic
anhydride

See compounds 298, 299, 300, 303, 306,
307, 310, 327, 340, 354, 355, and 361

By hydrolysis of compound 338
See compound 289

24-53%, from compound 5 and maleic
anhydride
See compounds 297 and 304

(38, 71, 116, 117, 119)

(38, 71, 116, 117, 119)

(38, 71, 116, 117, 119)

(38, 71, 116, 117, 119)

(35,38, 71, 76, 115, 116, 117,
118, 119, 142)

(38, 71, 1186, 117, 142)

(38, 55, 71, 116, 117, 119)




TABLIE 2—Continued

COMPOUND

Ko EMPIRICAL FORMULA STRUCTURE
297...... C12HioO5 0
0 >0
co
208...... C1:H1BrO, 7
Br COoOH
0—C=0
299...... 012H110104 /
c1 ] COCH
O—C <=
300...... C1.HuNO; Co
@S
co
301 ...... ClelzBr204

SOURCE

REFERENCES

From compound 296 and CsH:CO,H

86% by the action of bromine on the
potassium sualt of compound 294

By hydrolysis of compounds 313 and
323 with methanolic KOH; see com-
pound 313

77.5% by the action of chlorine on the
potassiwin salt of compound 294; see
compound 314

61% from compound 294 and NH;

By hydrolysis of compound 323

(55)

38, 71, 76, 115, 116, 117,
119, 142)
(119)

(119)

(38, 71, 116, 117, 119)

(38, 71, 116, 117, 119)
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CI2H1203

CI2H1204

(112H1204

CI2H 1402

CI2H1408

CI2IIHO4

CI2H1404

OCOCH;

0COCH,

By distillation of the cis isomer of 307
See compounds 331 and 341

Cis form by hydrolysis of the cis forms
of compounds 327 and 294; trans form
by hydrolysis of {rans form of com-
pound 327; see compounds 307, 310,
313, and 327

By hydrogenation of compound 296
over Pd-CaCO;

By esterification of compound 287

889 by distillation of the c¢is form of
compound 310 and by hydrogenation
of componund 294 over palladium; see
conipounds 309, 315, 333, and 342

Cis form (84%) by hydrogenation of
compound 294 over nickel in the pre-
sence of KOH

Trans form (90%,) by hydrogenation of
trans form of compound 303 over
Pd-CaCO;

See compounds 302, 331, 341, and 356

649, from compound 265 and
KOCOCII,
See compounds 312, 337, 351, and 360

(38, 71, 116, 117, 119)

(38, 71, 116, 117, 119)

(38, 55, 71, 116, 117, 119)

(38, 71, 116, 117, 119)

(38, 71, 116, 117, 119)

(38, 71, 116, 117, 119)

(38, 71, 76, 115, 116, 117, 119,
142)




TABLE 2—Continued

COMPOUND

No. EMPIRICAL FORMULA STRUCTURE SOURCE
309...... C1-H1;:NO, CO 82%, from compound 306 and NH;
\
NH
[ /
CO
310...... CieH 1604 COOH Cis form (89%,) by hydrogenation of
D compound 294 over Pd-C or nickel in
COOH the presence of KO _
Trans form by hydrolysis of compound
333 after heating with NaOCH; and
by hydrogenation of trans form of
compound 303
See compounds 306, 333, 342, and 357
311...... C12H 1504 From compound 260 and NaOC,H;,
0C2Hg
312...... C1oH1504 0COCH 98% by hydrogenation of compound
* 308 over Pd.CaCOs;; see compound
oCcoCH, 2
313...... CisHsBrQOy By esterification of compound 298 and
the action of bromine in CH;0H on
the cis form of compound 303
By action of bromine in CHsOH on the
cts form of compound 327; see com-
pound 298
COOCH,

0 ———

C=0

REFERENCES

(38. 71, 115, 116, 119)

(38, 71, 116, 117),

(38, 71, 76, 115, 116, 117
119, 142)

)

(119)

(38, 71, 115, 116, 117, 119)
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Cr-H,5C10,

CI3H13()4

C1H40y

CrH 1,C10.

CMH1202

H

8 COOCH,

0 — C=0
CO.CH,
COOH

By esterification of compound 299

639, from compound 306 and CIT,OH

By pyrolysis of compounds 346 (98%),
347 (63%), and 360

419, from compound 265 and quinone

From compound 2 and quinone; see
compounds 319, 325, 330, and 334

(119)

(38, 71, 116, 117, 119)

@38, 71, 116, 117, 119)

(38, 71, 116, 117)

38, 71, 76, 115, 116, 117,
119, 142)




¥3¢

COMPOUND

TABLE 2—Continued

NO. EMPIRICAL FORMULA STRUCTURE SOURCE
319...... C1H 150, OH 80% by hcating compound 318; see
l l compounds 326, 336, and 350
OH
320...... C1d114Br:04 Br COZCHS 587, from coimnpound 260 and
CH;00CC=CCOOCH;
Br COxCHg See compounds 292 and 329
321...... C1sH1,Cl:0, cl CO,CHg 549, from compound 265 and
CH;00CC=CCOO0OCH;,
c1 CO4CHg
322...... Crd11405 COZCHS 287, from compound 5 and
CH;00CC=CCOOCH;
0 cozcns See compound 332
323. ... C1H16Br204 COZCH3 309, from the cis form of compound 327
and bromine
cozcna See compounds 291, 298, and 301
324. ... C1sH16C1:04 Cl COZCHS 76-85%, by esterification of compound
293
Cl

CO,CH,

REFERENCES

(38, 71, 76, 115, 116, 117,
119, 142)

(38, 71, 116, 117, 119)

(13, 38,71, 76, 115, 116, 117,
119, 142)

(38, 71, 116, 117, 119)

(38,71, 116, 117, 119)

(38, 71, 116, 117, 119)
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CHHIGO'Z

CHH1602

CHHIG()A

Cull1605

C14H1sBry04

CHH1802

OH

OH
CO,CHy
CO,CH,

0,CHy

0,CHg
CO.CHy
CO,CH,

By hydrogenation of compound 318

87% by hydrogenation of compound
319 over I’d-C

Cis form by esterification of compound
294 (86-989,) or of the cis form of
compound 303

Trans form by heating the cis form with
NaOCH; or esterification of the trans
form of compound 303 ; see compounds
303, 313, 323, and 328

649, from the c¢is form of compound
327 and CeHCO;H

609, by hydrogenation of compound
320 over Pd-C

By hydrogenation of compound 318 over

Pd.C

(38, 71, 116,

38, 71, 116,

(38, 71, 116,

(38, 71, 116,

(38, 71, 116,

(38, 71, 116,

117, 119, 142)

117, 119)

117, 119)

117, 119)

117, 119)




TABLIE 2—Coniinued

COM}I;::{JND EMPIRICAL FORMULA
331...... C1sH 1504
332...... CuH 05
333......| CiHa204

1D
2
&

334, ... .. C14H 2205

335.. ... Creli-

STRUCTURE

SOURCE

COxCHg
C0,CH;
CO,CHg
CO,CHg
CO,CH,
CO,CHy
OH

OH

By esterification of the ¢is form of com-
pound 307 (92%) or of compound 302

By hydrogenation of commpound 322

By esterification of the ¢is form of com-
pound 310 (89%,) or of compound 306;
see compound 310

By hydrogenation of compound 318
over nickel

Along with compound 182 by decar-
boxylation of compound 202; see com-
pound 183

REFERENCES

(38, 71, 116, 117, 119)

(38, 71, 116, 117, 119)

(38, 71, 116, 117, 119)

(38, 71)

(52)
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335a..... C1eH 140, ) N\ 1 52% from compound 183 with amal- | (157)
OH i gamated zinc and acid
. Sce compound 183
/ H
OH
|
336...... Ci6ll160: mﬂa . 81%, from compound 319 and (38, 71, 116, 117, 119, 142)
(CI):80,
[-( See compound 339
O0CH,
337...... CreH 1607 CH4CO, o\ 100% from compound 308 and maleic | (38, 71, 116, 117, 119)
anhydrid
CH3002 G /0 anhydride
i
338...... CioL150, C0zCoHs { From compound 2 and (38, 71, 116, 117, 119)
I C-H00CC=CCOO0C,H,
00202H5 See compound 295
339...... CieH 2002 OCHg 74% by hydrogenation of compound 336 | (38, 71, 116, 117, 119)
over Pd-C
0CH,
340... ... Ci16H200,4 00202H5 93% by esterification of compound 294 | (38, 71, 116, 117, 119)
02C2Hg
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TABLE 2-—Continued

COMPOUND

NO EMPIRICAL FORMULA STEUCTURE SOURCE
341...... C1sH2:04 Cozcz H5 By esterification of compound 302 or of
the ¢is forin of compound 307

02C2Hg

342 Ci4H2404 020 H By esterification of the cis form of com-

255 pound 310 (84%) or of compound 306

05C2Hg

343...... Ci16H260 From compound 260 and NaOC,H,

34...... CilIa1NO From compound 286 and CsHsCOCI

345...... C1H 12Br2Cl1:02 429, from compound 346 and Br.

346... ... C1sH 12ClL02 969 by heating compound 348 in air in

the presence of alkali; see compounds
316 and 345

REFERENCES

(38, 71, 116, 117, 119)

(33, 71, 116, 117, 119)

(38, 71, 116, 117)

(38, 71, 116, 117, 119)

(38, 71, 116, 117, 119)

(38, 71, 76, 115, 116, 117,
119, 142)
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013111202

CusI114CLO,

C15H14Cl0;

CIBH1604

CIBH2003

CisH24Os

CHaCO,
CHgCO,

CHgCO,
CHZCO,

0
0
N
I
-,
o
OH

16% from compound 2 and naphtho-
quinone, followed by heating with air
and alkali; see compound 316

97% from compound 265 and naphtho-
quinone
Sec compounds 346 and 349

I'roin compound 348 and NaOIlI

By acetylation of compound 319

549, from compound 308 and
CH;00CC=CCOO0CH;
See compound 352

999, by hydrogenation of compound 351
over Pd-CaCOs.

(38, 71, 76, 115, 116, 117,
119, 142)

(38, 71, 76, 115, 116, 117,
119, 142)

(71, 116, 117)

(38, 71, 116, 117, 119)

(38, 71, 115, 116, 117, 119)

(119)
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TABLE 2—Concluded

COMPOUND
NO.

SOURCE

005048,

70% by reduction of compound 220
with Zn and CH;COOH; sec com-

By esterification of compound 294

98% by esterification of compound 294

919% by esterification of the cis form of

A Caoll520; CoH,
OH
pound 220
HO
CeHs
020H2804 00204H9
D CO2C4Hy
CooH2504 COZC%CH(CHS )2
0,CH,CH(CH, ),
CaoHs00y
00204H9 compound 307
00,CHs
CsoH304 C 0204H9

By esterification of the ¢is form of com-
pound 310

(38, 71, 116, 117, 119)

(71, 116, 117, 119)

(38, 71, 116, 117, 119)

(38, 71, 116, 117, 119)
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C22Hl BO 6

Cal1:2004

Casll2yOs

C2‘ZH3204

0
CHACO,
oo L LN
0

CO,CBE,CH(CH5)CoHs
' ' CO,CH,CH(CH4)CgHg

By heating comipound 360 in air in the
presence of NaOCH,

Tromn two moles of compound 2 and
quinone

849, from compound 308 and naphtho-
quinone
See compounds 316 and 358

By esterification of compound 294

(38, 71, 116, 117, 119)

(38, 71, 116, 117, 119)

(38, 71, 115, 116, 117, 119)

(38, 71, 116, 117, 119)
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ing complexity of empirical formula according to the convention used by Chem-
teal Abstracts. Structures which may or may not have been proved conclusively
are included. No attempt was made to include the name of the compound
because of the complexity of naming certain of the compounds, particularly
those with polycyclic ring systems. The method of preparation and yield, when
they were reported or could be calculated, as well as materials to which the
compound in question has been converted are indicated by numbers in the
fourth column.

The author would like to express his appreciation to Dr. H. B. Hass for his
interest in this work and to Dr. S. R. Buc and Mrs. I. L. Ressa for their as-
sistance in the preparation of the manuseript.
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