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The Chemistry of 1,5,9-Cyclododecatriene and Syntheses Based on It

L.l.Zakharkin and V.V.Guseva

The methods of synthesis and chemical properties of 1,5,9-cyclododecatriene (the butadiene cyclotrimerisation product),
which is manufactured on an industrial scale, are examined; syntheses based on this interesting compound have played
a major role in the development of organic chemistry of medium and large rings.

The bibliography includes 406 references.
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I. INTRODUCTION

The first studies on cyclododecane and its derivatives
were begun in 1926 by Ruzicka and coworkers, but the
difficulty of the synthesis of these compounds and of their
isolation in a pure form hindered the development of their
chemistry.

In 1954, Reed reported for the first time' the synthe-
sis of a cyclic butadiene trimer in the presence of bis(tri-
phenylphosphine)nickel dicarbonyl, but it was not until
Wilke's study  of the cyclotrimerisation of butadiene in
the presence of organometallic complex catalysts that
1,5,9-cyclododecatriene (1,5,9-CDT) became readily
available and vigorous development of the chemistry of
this compound and its industrial use were initiated.

cis, trans,tvans-1,5,9-CDT is manufactured at present
on a large scale in many countries. The following prod-
ucts obtained from 1,5,9-CDT are of major technical
importance: w-dodecalactam—the monomer for the syn-
thesis of nylon-12; decane-1,10-dicarboxylic acid—the
monomer for the synthesis of polyamides and polyesters
and 2 substitute of sebacic acid in the synthesis of plasti-
cisers and lubricating oils; 1,12-diaminododecane—-the
monomer for the synthesis of polyamides; 1,2,5,6,9,10-
hexabromocyclododecane, which is used as an additive to
polymers in order to render them incombustible; cyclo-
dodecanone which is used as the initial compound for the
synthesis of valuable perfumes—-cyclopentadecanone
(exaltone) and the lactone of w-hydroxypentadecanoic acid
(tibetolide).

II. SYNTHESIS AND CHEMICAL REACTIONS OF 1,5,9-
CYCLODODE CATRIENE iSOMERS

It has now been established that the cyclotrimerisation
of butadiene to 1,5,9-CDT proceeds in catalytic systems
containing the following transition metals as components:
titanium, chromium, nickel, and manganese. trans,
trans  trans-1,5,9-CDT (), cis,trans, trans-1,5,9-CDT (II),
and cis,cis,trans-1,5,9-CDT (III) have been obtained in the
presence of these catalysts; the ratios of the yields of
these products depend on the nature of the transition
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metal, the ligands in the catalytic system, and the reac-
tion conditions:

RO
3 CH,=CH—CH=CH, —> + -+
| X
() :

(1) (1)

The fourth possible isomer—-cis, cis, cis-1,5,9-CDT
(IV)—is not formed in the catalytic trimerisation of buta-
diene. It has been obtained by the dehydrobromination
of hexabromocyclododecane—the product of the addition of
three bromine molecules to (I)?

cyclo-C1aH gBrg —> I

Y
(xv)

The most effective catalysts for the synthesis of 1,5,9-CDT
are systems containing various titanium compounds
[TiCL,* ™™ TiBrs,? Ti(OR)s,?*® (RO),TiO,? TiClL-p(OR)n,
TiCly-n(OCOR)p, ® 2% and the complex CsHs.TiClz.A1,Cls =’
29%% {n combination with reducing agents such as trialkyl-
aluminium or aluminium alkyl halides, calcium hydride,
and dialkylaluminium hydride. The reaction proceeds
only in solution in aromatic hydrocarbons with formation
of 1,5,9-CDT in 80~90% yield. The 1,5,9-CDT obtained is
a mixture of two isomers: 3-4% of (I) and 96~97% of ().
A mixture containing 67% of (I) and 33% of (II) is formed in
the catalytic system containing poly(butyl orthotitanate) and
(C2Hs)2A1CL. %!

Catalytic systems containing chromium and manganese
[(CsH:02)2Cr, CrO:Cly or CrOs + (CoHs)sAl,*?"*2 CrCls +
(is0-C4Hs)sAl, 1071272 and (CsH702)Mn + (CaHs)sAl ] lead
to a mixture of approximately 60% of (I) and approximately
40% of (I1). A mixture consisting of 65-80% of (I), 7-9%
of (I1), 9-11% of (I11), 7-9% of vinylcyclohexene, and
4-8% of 1,5-cyclo-octadiene is formed in the presence of
nickel catalysts [Ni(CsHvOz)2 + CoHsOA1(CoHs)z, 27 1%

NiX, + (is0-CsHs)sAl,*" (eyclo-octadiene),.Ni{O) *** and

cyclododecatriene Ni(O) **]. The mixture composition
varies with reaction temperature.
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There have been numerous patents for catalytic systems
containing nickel®”*®*™**,  The mechanism of the reaction
in the presence of n1cke1 catalysts has been established by
Wilke and coworkers *****#*™¢" It includes the following

stages:
N

Ni(CsH;0,), + AR, —>

“Ni” (“free nickel”)

——> ,Ni"

When Ni(CsH-0.); is reduced by an organoaluminium com-
pound, “free” nickel is formed, which trimerises butadiene
to the intermediate 7-allyl complex of nickel (V); ring
closure of (V) results in the formation of the 7-nickel com-
plex (VI). Treatment with butadiene leads to the displace-
ment of 1,5,9-CDT from this complex. Complexes (V)
and (VI) have been isolated and their structures have been
determined by X-ray diffraction*’"*® and confirmed by
certain reactions®"*"**"** When complex (VI) is acted
upon by cis,cis,cis-1,5,9-CDT (IV), trans,trans, trans-
1,5,9- cyclododecatrlene 1) is d1sp1aced from it and the
complex (IV) Ni(O) is formed*®; the latter readily reacts
with carbon monoxide to give Ni(CO), and compound (IV).

A mechanism has been proposed for the tr1mer1sat1on of
butadiene in the presence of chromium catalysts® in which
the valence state of chromium changes continuously from

+1 to +3:
3 CHy=CH—CH=CH, N
(CgHg),CrX —— > +
%
| 3 CHy=3CH—CH==CH,

_—“‘x
S

~CizHyg

It has been shown® *° that in the presence of titanium cata-

lysts the active centre for the trimerisation of butadiene is
a complex in which titanium is present in the bivalent state:

2 CH,=CH—CH=CH,
—————————>  (C,H,),AlC] *

£
ELI—JFI + n(C,Hs)QAlCl-Ii:_’)
)

an

CH,=CH—~CH=CH,
n(CyHg)yAICH

Table 1 presents the best known catalytic systems in the
presence of which the trimerisation of butadiene to 1,5,9-
CDT isomers takes place with a high yield.

Among the four 1,5,9-CDT isomers, the trans,trans,
trans-isomer (I) *° and the cis,trans, trans-isomer ),
which are readily obtainable m the presence of the above
catalysts, have been studied in greatest detail. The
presence of three non-conjugated double bonds in the 1,5,9-
CDT molecule makes this system capable of undergoing
many reactions. Among them the most interesting are
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those involving cis—trans isomerisation. When (II) is
111ummated with ultraviolet light, a mixture of (I) and (III)
is formed®!

Table 1.
Yield of - |[Isomers formed (the relative
Catalytic systems 1,5,9-CDT, | percentage contents are indi- | Refs.
% cated in brackets)

TiClg + (C,H.),AICI 91 I1(97) 411 (3) 8,9, 10
TxCl. [).fAl'Cl’ 88 I1(98) +1(2) 8,9, 12
,Cl, (H 70 1(58) + I (41) 10
CrCI, +(C 80 I4-11 8
CrClg + (1so- 86 1(60) 4 11 (40) 8,9
NI(C.H-,O,)r{-(C,h ,AIOC,H, 81 1 _i_SO{ + I11(9) 4 111 (11) 10
NiX, - (iso- C4Hy) 80 I+1 7
[(CeHag)aNi] 87 1411 39

Subsequently it was shown that each of the four isomers
undergoes cis—trans isomerisation giving rise to the same
equilibrium mixture consisting of all four isomers (I), (II),
(1), and (IV).*? 1t has been established®® that thermo-
dynamic stability decreases in the sequence (I) > (II) >
(I1). Data for the photochemical isomerisation of the iso-
mers in benzene are presented in Table 2.

Table 2. Composition of the mlxture of 1,5,9-CDT iso-
mers in photochemical isomerisation®®

Irradiation Proportions of isomers in product, %

time, h o | | am

Initial
olefin

ih)) 17 11 55 3%
() 100 1 21 78

(0] 17 24 l 43 ‘ 33

Table 2 shows that (III) isomerises much more slowly
than isomers (I) and (II). The proportions of the isomers
also depend on the selected sensitiser. In the presence of
aromatic ketones and quinones, isomer (II) predominates
in the resulting mixture, while the use of aliphatic ketones
leads to isomer (III). Thus the readily available isomer
(II) may be easily converted into (I) and (III) on irradiation
of a benzene solution containing acetophenone or acetone.
After prolonged irradiation of a mixture of (I}, (II), and
(), 43% of trans,trans-2,6-divinyl-cis-bicyclo[3,3,0]oc-
tane was obtained together with 1,5,9-CDT isomers
When (II) in an ethereal solution is irradiated, a mixture
containing 25% of (I), 29% of (II), and isomeric 1,2,4-tri-
vmylcyclohexanes [12% of (VII) and 1% of (VII)] is

formed**
N Z AN
0 e A()/’g + m + M +

(Vi) (VIID)

Thermal isomerisation of (II) at 450 C leads only to iso-
meric 1,2,4-trivinylcyclohexanes®®. In the presence of
toluene-P sulphmlc acid a mixture of 80-85% of (I) and

15-20% of (II) is formed from the initial (I) = (ITI) mixture on
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heating to 90°C.**® Copper salts are active catalysts of
the cis—{rans isomerisation of the double bonds in (I), (II),
and (II1).*® The free-radical isomerisation of (I) to ( )
takes place readlly in the presence of thioglycolic acid®
benzoyl peroxide®’, and N-bromosuccinimide®**. The
photochemical isomerisation of cyclododecenes in benzene
leads to the formation of the less stable cis-isomer*,
In the presence of copper salts the equilibrium is also dis-
placed to cis-cyclododecene®

On photochemical isomerisation in benzene, trans,
trans-1,5-cyclododecadiene (IX) is converted 1nto the cis,
trans-isomer (X) and the cis,cis-isomer (XI); the I‘atIOS
of the isomers in the resulting mixture are (IX) (X)) (XI) =

17 :55:28 °°;
hv < D

(X)

(XI)
In the presence of acid reagents (II) undergoes intramo-
lecular cyclisation, which leads to products with bicyclic
and trlcychc structures. Thus a mixture of hydrocarbons
in which A'-bicyeclol4,6,0]dodecene (XII) predominates, is
formed from (II) on treatment with 80% sulphuric acid in

the cold®®
D
O 8o~ r |i
NN\

(XID)

A mixture of acenaphthene and decahydroacenaphthene is
formed on heating (II) with polyphosphoric acid®

The isomerisation of (I) takes place readlly in the
presence of (iso-CsHsjz.AIH on heating to ZOO C, giving an
85% yield of a mixture of trlcyclo[G 4 0,07 ]dodec 4-ene
and tricyclo[7,3,0,0°" |dodec-4-ene®

[l I}

iso.C N
1 |.1s04(.4H9)2AIH_) i l

N/
Bicyclic products were formed after the addition of acetic

3.
acid and hydrogen chloride to (II)*:

OV 1

:H3CO0H OCOCH, | ‘

(1) ————— ~ { f |
(CoH;),0 * BFy ~ ~
X .
OCOCH, ococt, |

The reaction apparently proceeds both at the cis-double
bond, giving rise to the usual addition products, and at the
trens-double bond, giving rise to bicyclic products.

When acetic acid and hydrogen chloride react with (I),
only addition products retaining the molecular skeleton are

63,
formed
COCH,
4 CHy 00H
1 —>
v (CoHg)y0 + BF

Bicyclo[5,5,0]dodeca-1
presence of Na/A1203,
tive of ethylenediamine

’7 diene is formed from (II) in the
C02(C0)3, % and the lithium deriva-

SN

-0

957

Whenmethyltrvans,trans-4,8-cyclododecadiene-carboxylate
is treated with 90% formic acid, 2,3,6,7,8,9-hexahydro-1H-
benz(e Jindene is produced® .

& \OCH HC00H+H20 “

trans, trans-1,5- cyclododecadlene gives rise to bicyclo-
[6,4 OJdodecene
HCOOH @Cj
z —_—
&

III. SYNTHESES BASED ON cis, trans, trans- AND trans,
trons, trans-1.5,9- CYCLODODE CATRIENES

In this section of the review we shall consider the reac-
tions of the most readily available 1,5,3-CDT isomers—
the trans, trans trans-isomer (I) and the cis, trans tvans-
isomer (II). The majority of studies on the hydrogenation
of 1,5,9-CDT in cyclododecane are described in the patent
literature. The two isomers (I) and (II) are quantitatively
hydrogenated in the presence of platinum, palladium, and

Raney nickel®® ™™
/\cn2

() -+ (1) H> (CH,)

U

In order to obtain large amounts of cyclododecane, (I) and
(I1) are hydrogenated at elevated temperatures in the
presence of Ni/A1,0s or Ni/Cr,0s.°"° Nickel, cobalt,
and copper salts deposited on SiO, or Al,Os in the presence
of NaF are effective catalysts of the reduction”™”™. The
rates of hydrogenation of the two isomers are virtually the
same. Inthe presence of these catalysts, all three double
bonds are hydrogenated at virtually the same rates and
one cannot therefore carry out a selective hydrogenation.
When one mole of (II) is hydrogenated with two moles of
hydrogen inthe presence of palladium, a mixture consisting
of cyclododecene, cyclod decadiene, and cyclododecanes
is formed88,". The hydrogenation of (I) and (II) to cyclo-
dodecane inthe presence of homogeneous catalysts has been
described in a number of patents: (PhsAs)(CO)RhCI +
AICl,, ™ Ni(C4H,0,), + LiAIH,(OCHMeC,Hy),, ™ Ti(OBu), +
(C-Hs),A1C1, and Cr(CsH:0z)z + (C2Hs)2A1C1 + {CoHs)sAlL, ™®
The selective hydrogenation of (I) and (1) to cyclodode-
cene, which gives rise to great possibilities for the syn-
rnesis of many products of practical importance, is of con-
siderable interest. It has been shown that, when (II) is
acted upon by di-imide, the fr¥ans-double bonds are
reduced m1t1a11y and cis- cyclododecene is formed in a high
yield ®

2 IN=NH GH
(y 2IENE u

N

The success of the catalytic hydrogenation of (II) to
cyclododecene depends primarily on the nature of the cata-
lyst. The use of relatively inactive heterogeneous cata-
lysts makes it possible to stop the hydrogenation at the
stage corresponding to the addition of two moles of hydro-
gen®%,  Studies on a series of catalysts (Rh,Pd, and Ru

on Al;0s)®8’*° have shown that the hvdrogendtlon of (I) and
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(1) to cyclododecene takes place most selectively in the
presence of rhodium. The catalysts can be arranged in
the following sequence in terms of decreasing yields of
cyclododecene: Ph > Pd > Ru > Pt. The trichlorotri-
pyridinerhodium +NaBH, catalytic system proved to be the
most effective in the hydrogenation (Il) to cyclododecene®
In the presence of the homogeneous catalyst [Co(CO)s.
PRs ]z ®**! or (RsP)2(CO):RuCl, ****° (II) gives a high
yield of a mixture of cis- and ¢rans-cyclododecenes (96—
98%) and in addition 1% of 1,5-cyclododecadiene and 0.5%
of cyclododecane are formed. Hydrogenation of (II) in the
presence of 7% PtCl; in a (C2Hs):NSnCl; melt at 160°C and
100 atm of H leads to 2% of (I1), 10% of cyclododecadiene,
and 87% of cyclododecene®

The addition of halogens and halogenocarbenes, oxida-
tion, hydroboration, and carboxylation are other reactions
involving double bonds in (I) and (II). When (I) and (II) are
brominated, a mixture of dibromocyclododecadiene,
tetrabromocg;clododecene and hexabromocyclododecane
is formed®®"**°®.  However, it has been stated in
patents ¥ °® that, when one mole of (1) is brominated with
two moles of Brz in the presence of sodium acetate, tetra-
bromocyclododecene is formed quantitatively. It has been
shown ®® that hexabromocyclododecane obtained from (II)
has a melting point of 194-195°C, while that obtained from
(I) has a melting point of 177~178°C. These bromo-deri-
vatives are different geometrical isomers. On recrystal-
lisation from benzene, the hexabromocyclododecane
obtained from (I) %wes rise to the clathrate compound
(C12H1sB15)2CeHs. "> Hexabromocyclododecane has found
an application as an additive to polymeric materials in
order to render them incombustible.

The addition of halogenocarbenes to (I) and (II) has been
investigated in detail. The addition of :CCl, to (II) takes
place preferentially at the {rans-double bond®®. When

:CHCL ' and : CCl, *** act on (I), a mixture of three
products is formed:

AR

ct,
Treatment of (I) W1th CBr; gives a high yield of dlbromo—
blcyclotrldecadlene , which on treatment with AgNOs in
water is converted into bromohydroxycyclotridecatriene;
on treatment with sodium in liquid ammonia, the latter is
converted into hydroxycyclotridecatriene:

CBr
ICBr, 2 AgNOz
(N —> )/\5 H20
/\\\

The addition of :CCl, to (II) under the conditions of phase-
transfer catalysis leads to different results depending on
the ammonium salt used '*®

Na ou Teon (D + CHCls mEurTj

(X1
where A = cetyltrimethylammonium bromide and B = tri-
alkyl-B-hydroxyethylammonium bromide. When the diene
(XI11) is hydrogenated, the product is 13,13-dichlorobi-
cyclo[10, 110]tr1decane from which cyclotndecanone was

obtained *
AR

H.
(XI1D) =2 (CH,),o l E-JCCJ,

OH

A

n-CqHoLi /— \ H,504 K_\—

@), ¢ 5 ey, |

¥ Cé/ \/(,H
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The reaction of (II) with :CFCl takes place at the trans-
double bonds with formation of two addition products ***:

F
FCl
CFCl Cl
() —> +
FCl

The addition of :CHOCH; to (I) entails the formation of only
trans-13-methoxybicyclo[10,1,0]trideca-tvans, trans-4,8-
diene, while a mixture of diastereoisomers is formed from
(II) under these conditions!®. The reaction of :CCl, with
cis, trans-1,5-cyclododecadiene takes place unambiguously,
resultmg in the formation of ¢7ans-13,13-dichlorobicyclo-
[10,1,0}tridec-4-ene(cis). % A study of the rates of addi-
tion of :CHCL,'® :CBrz,'” and :CHOCH; ' to cis- and
trans- cyclododecenes showed that the reaction involving the
trans-double bond is faster.

The oxidation of (I) and (I) to epoxycyclododecadiene,
further transformations of which lead to interesting and
valuable products, is preparatively important. The
epoxidation of (I) and (II) has been carried out with pera-
cetic, perbenzoic, and perphthalic acids, as well as a
m1xture of HzO, and CH3COOH in the presence of a cation-
exchange resin 19819971 = 1y the epoxidation of (II) the
tréns-double bond reacts first with formation of the epoxy-

diene (XIV)®®:
RCOOOH &0
(I —

(X1V) (XV)

It has been established !'? that monoepoxidation of (II)
results in the formation of 92% of the frans-epoxide and 7%
of the cis-epoxide. The epoxidation of (I) yielded the
epoxydiene (XV). The oxidation of (I) and (II) by atmos-
pheric oxygen in the presence of boric acid or its esters
leads to the formation of epoxycgclododecadlene together
with 2,6,10-cyclododecatrienol . The synthesis of
5,6:9 10 -diepoxycyclododecene, 5,6 :9,10- dlepoxzcyclodo-
decane116 1,2:5,6:9,10- trlepoxycyclododecane , and
epoxycyclododecene118 "'° has been described in patents.
The opening of the epoxy-rings of these compounds results
in the formation of the corresponding diols, tetraols, and
hexaols ® "7 ®~122; thyg (X1V) and (XV) give rise to the
corresponding 7ans-dihydroxycyclododecadienes®®. The
reduction of double bonds in (XIV) and (XV) leads to traus-
epoxycyclododecane and subsequent opening of the epoxy-
ring gives rise to ¢is-1,2-cyclododecanediol ®®"'%:

/\ CH—OH

G
(X1V) or (XV) > (CHyy I/o s (o

H0 \\/CH OH

In the presence of catalytic amounts of Group I and II
metal halides epoxycyclododecadlenes readily isomerise
to the corresponding ketones '*
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Two isomeric unsaturated ketones with different positions
of the keto-group in relation to the C=C double bonds are
formed from (XIV).'® When (XIV) is acted upon by (iso-
C:Ho),AIH,'® n-CH,Li, or C,H,MgBr 37 jsomerisation
with formation of unsaturated alcohols takes place:
H
n-C4HgLi

xiv) ether

The isomerisation of the epoxide and the formation of
cyclododecanone """ together with cyclododecanol are
observed in the catalytic hydrogenation of (XIV) or (XV) in
the presence of nickel catalysts (Raney nickel, Ni/Al,0s,
Ni/Crz0s) at 120-150°C.

When (II) is oxidised by OsOs or KMnQs, the reaction
proceeds primarily at the ¢7ans-double bond with forma-
tion of the corresponding #rc¢ns-diol and ¢rans, trans-
tetraol'®, When cyclododecad1ened101 (XVI1) was ox1dised
the unsaturated dialdehyde (XVII) was obtained '®

ﬁ:% Pb(0CCCH,), dl—_!:l_(

(XVI) (XVID

)

The opening of the epoxy-ring in (XIV) and (XV) takes
place readily under the influence of hydrochloric and
hydrobromic acids with formation of the corresponding

halogenohydrins (XVIII) **:
(XIV) + Hx N,:f::)’ |
(XIX)

(XV][I)
X =Cl or Br.

When the halogenohydrins (XVIII) are oxidised by the
chromic acid mixture, it is possible to obtain high yields
of the unsaturated halogeno-ketones (XIX). The halogeno-
hydrins and the halogeno-ketones obtained from the epox-
ide (XIV) consist of a mixture of isomers with different
positions of the OH group, the halogen atom, and the car-
boxy- group relative to the cis- and trans- double bonds in
the ring* Cycloundecadienecarboxylic acid has been
obtained from the ketones (XIX) by the Favorskii reac-
tion '

COOH

KOH
(XIX) ——>
CoHgOH

On heating with an aqueous ammonia solution, the epoxide
(XIV) gives rise to a mixture of two isomeric cis-amino-
alcohols (XX) and (XXI) *°, whichform cis -1,2-aminocyclo-
dodecanol on hydrogenatiom

f\cn_ou

———> (CHy),, |

b H—NH,

NHj3
(X1V) —> + |

(Xx) (XXI)

When (XX) and (XXI) were deaminated, a mixture of iso-
meric cyclododecadlenones and formylcycloundecadlenes
was isolated ®

HO
0 CHO

(XX) or (XXD 2% + ] + + |l
| Ly
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Regardless of the configuration of the initial compound,
the deamination of cis- and frans-2-aminocyclododecanols
leads to a mixture of cyclododecanone, formylcyclounde—
cane and ¢is-1,2-cyclododecanediol in equal proportions

/\ G NH, NG, F\

(CHZ 10 2)10 l (‘” )
NI \/ K/
When a-aminocyclododecanecarboxylic acid is deaminated,
a- hydroxycyclododecanecarboxyhc acid is obtained in a
quantitative yield **
Nitrosyl chlorlde readily adds to (II) at a {rans-double
bond with formation of two products (XXII, a and b) **271;

; <l
E: G=Nom
(1) + NOCI —> E’ + |l m (CH?).0

(XXIIa) (XX116)

The hydrogenation of chloro-oximes at atmospheric
pressure in the presence of platinum and palladium cata-
lysts yields cyclododecanone oxime as the main product 132

$1%5 " geveral patents *!~'** and another communica-
tion ™’ describe chlorine exchange reactions involving a-
chlorocyclododecadienone oxime. When (XXIIa) and
(XXIIb) are treated with nucleophiles, products resulting
from the subst1tution of a chlorine atom are obtained in a
high yield **

(XXita) + (Xx116) > ﬁ If

X =C,H0, CH,0, C,H;S, CH,CO0, or RyN.

0-

The reaction of (XXIla) with sodium cyanide in dimethyl
sulphoxide (DMSO) leads to the formation of the corre-
sponding aminoisoxazoles ™°, for example:
N—O
~—NH,

) NaCN
(XXIIa D_>M SO

Allylic bromination of (II) by N-bromosuccinimide pro-
ceeds with isomerisation involving the cis-double bond and
leads to bromocyclododecatriene (XXI[I) which is also
obtained on allylic bromination of (I)®®

Treatment of the bromo-derivative (XXIII) with ammonia,
dimethylamine, and potassium acetate gives rise to sub-
stitution products®®, for example:

CHy),NH
(xxn) AN &N(Cﬂa)z i LT
Agy0
@
, N(CH,), _°
Ho®

Acylation of (II) via the Kondakov reaction yields a mix-
ture of 1-acyl-2,5-9- and 1-acyl-1,5,9-cyclododecatri-
enes™®. Reactions involving the addition of sulphur
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dichloride to (I) and (II) and leadmg to dichlorothiabicyclo-
tridecenes are of interest *671°2

The chlorine atoms in these compounds are readily
replaced by cyano- and acetoxy-groups 2. The hydrobo-
ration of (II) gives rise to a mixture of the ¢is- and trans-
isomers of 9b-boraperhydrophenalene (XXIV, a and b)
together with 90- -boraperhydrobenzoled]azulene. The
latter is converted into cis-9b-boraperhydrophenalene on

heating *77%:
H H H. H
i eoles
H

(XXIVb)

(XXIVa)

(XXIVa) readily reacts with LiH to form an addition
product, which is an effective stereoselective reducing
agent for cyclic ketones ****°,  Trichlorosilane and di-
chloromethylsilane add to (]I) preferentlally at the lrans-
double bond in the presence of platinum *° When (II) is
treated with hydrogen bromide in the presence of benzoyl
peroxide, 9-halogeno-1,5-cyclododecadiene is obtained **
The reaction of (II) with nitrogen oxides has been des-
cribed ®®.  When (II) reacts with benzene in the presence
of the WCls + CoHsA1Cl; + C-HsOH sﬁystem phenyltricy-
clo[6,4,0,0%°|dodecane is formed"*

WClg + CHAICY

CeH, + (I1) o

Incomplete ozonisation of (I) and (II) with subsequent
cleavage of the ozonide leads to deca-3,7—diene-1§10 dicar-
boxylic acid and the corresponding dialdehyde **""**®

M or @) =2~ HOOC (CH,); CH=CH (CH,); CH=CH (CHy)3 COOH .

It has been established that ozone attacks (I) and (II) at the
same rate®®. The carbonylation of (I) and (II) under the
influence of CO in the presence of metal (Ni, Co) carbonyls
and palladium complexes with formation of cyclododecane-
carboxylic acid has been described in several communi-
cations *°~'7  The carbonylation of (II) with the aid of
palladium catalysts in alcohol gives r1se to a high yield of
ethyl 4,8- cyclododecadienecarboxylate *°

COOC,H;
dCly 1. Hy (g\ HCOOH
(CeHy)qP 2. oH® @Hz .

When cyclododecanecarboxylic acid is acted upon by nitro-
sylsul Phurlc acid, w-dodecalactam is obtained in a high

yield*
ny

TN
(CH,),, CHCOOH LOS0H, (GH,),, | - .

(1) + o + CHOH

Certain other reactions of cyclododecanecarboxylic acid
have been described ‘™. (1) and (II) react on heating
with maleic anhydride to form 1:1 adducts ">, The
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condensatlon of (II) with cyclopentadiene has been
described V"

Metal complexes of (I) and (II) are known. A m-allyl
complex of (V), which reacts with allene, has been des-
cribed """ 'Subsequent reactions of the product lead to
the synthes1s of DL-muscone:

—) (CH,)nHjHZ
’*Nx i CH,

7-Complexes of palladium (C;2Hi7-10PdCl1)2""® and copper "’
180 have been obtained and a copper complex, synthesised

by the reaction *8!%2
/I e
/__
\§

(V) + CH,=C=CH, —»

CSHSCuOSOZCFa +@ —> 0S0,CF,

has been synthesised.

When a heptane solution of (I} is refluxed with bis(tri-
methylgermyl)tetracarbonylruthenium, a mixture of prod-
ucts with different structures is formed'®®, The reaction
of (I) with dodecacarbonyltriruthenium also leads to a
mixture of products having different compositions **:

(1) + Rug (CO);2 ~ HRug (CO)g (Cy2Hys) -+ HRug (CO), (CygHyy) +
+ HRu (CO); (Cg3Hgy) + Ruy (CO)yp (C1oHe) .

Analogous complexes have been obtained for rhodium 185,186

iridium **"| nickel*°*®, and iron'®,

Silver nitrate forms with (I) three types of adducts in
which one, two, or three {7ans-double bonds are coordi-
nated to the silver ion %18,

CygHyg - AgNOs, CipHyg - 2AgNO;, CppHyg - 3AgNOs.

When (II) reacts with a silver ion, only the two trans-
double bonds are coordmated whlle the cis-double bond
is unaffected %1,

1v. SYNTHESES BASED ON cis- AND trans-CYCLODODE -
CENES

Several methods for the synthesis of cis- and {rans-
cyclododecenes (XXV) and (XXVI) are known. It was noted
above that thgy are obtained on selective hydrogenation of
(1) and (I1)**°*~** in the presence of homogeneous cata-
lysts or when (II) is acted upon by di-imide®. A mixture
of (XXV) and (XXVI) is formed when HCl is eliminated
from chloroc¥clododecane in the presence of iron-contain-
ing catalysts . Dehalogenation of 1,2-dichloro- or 1,2-
dibromo- cyclododecane by sodlonaphthalene or sod1ob1-
phenyl gives 2 90% yield of a mixture of (XXV) and (XXVI) **,
When 1,2-dihalogenocyclododecanes are heated in the
presence of alkalis at 150°C, only cyclododecyne is
formed'®2"*** On raising the temperature to 180°C, a
mixture of 28% of 1 2—cg¥clododecad1ene and 72% of cyclo-

dodecyne was isolated’
3\9 G k/

5%
CHo | 2

O o S
605
@ + (CHQ}
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An analogous mixture was obtained after double dehy-
drobromination of dibromocyclododecane with alcoholic
alkali®*®,  When cyclododecyne is reduced by (iso-CyHo)a.
AlH, mainly 6-cyclododecene is formed ***:

(CH’@ 2. Hy0 e (w
(XXV)

A mixture of 90% of cis- and 10% of trans-cyclododecyne
is formed on decomposition of cyclododecenone semicar-
bazone by alkoxides at 180-240°C.'*"*®  Pyrolysis of
cyclododecyl acetate at 550°C leads to a mixture of iso-
mers (XXV) and (XXVI) in proportions of 1:5.*" When
(XXV) or (XXVI) is heated in acetic acid at 80-130°C,
cis—trans isomerisation takes place with formation of an
equilibrium mixture contamln% approximately equal
amounts of (XXV) and (XXVI)*". Contrary to the
Chugaev rule, the decomposmon of O-cyclododecyl S-
methyl th1ocarbonate gives rise to trans-cyclododecene ™

\CH——OCSCH3 o m
(CH,),, (IJIIZ J)I ~t>  trans-(CHy),, ||

NS
(XXVI)

When cyclododecanol was heated to 250-270°C in the
presence of toluene-p-sulphonic acid, a high yield of
cyclododecene was obtained **%. The reaction of cyclodo-
decene with N-bromosuccinimide and subsequent dehydro-
bromination of the product in pyridine or quinoline result
in the formation of 1,3-cyclododecadiene'®. The dehy-
dration of 6-hydroxy- or 6-acetoxy-cyclododecanone in the
presence of Zns;(PO4), and Fe.Os, leading to cyclododec-5-
en-1-one, has been described. In the presence of alkyl-
lithium in tetrahydrofuran (THF), cyclododecanone N,N-
ditosylhydrazone decomposes to form a m1xture of czs and
trans-cyclododecene and cyclododecanone # When
cyclododecanone tosylhydrazone is heated in the presence
of sodium methoxide, the decomposition 1eads mamly (to
the extent of 60%) to cyclododecanone azine?

(". 1. (iso- 'C4Hg),AlH

/\=NNHTS cisoNa /7 O\
(GHy)o ,ioo (CH,),, C=N—N=C  (CHp, +
2 \_/
H
I/\
+ (XXV) + (xxvD + (@ (CH,),,
]\j
H
n+m=10

On photolysis of 1,2-cyclododecanedione bistosylhydrazone
in an alkahne solutlon cyclododecyne was isolated in 53%
yield®

/\C—NNHTS NaOH + Hy0 + CH;0H
(CHy)y | —_—

U“NNIITS

Ozonisation with subsequent conversion into decane-1,10-
dicarboxylic acid ®*"*° and 1,12-diaminododecane®” ig an
important reaction of cyclododecene

ool
S

I
|
0 \0b HOOC(CH,),,COOW
—> (CHz) 1\’}1
O B NH,(CH,) oNH,

/\c

H
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When cyclododecene is oxidised by nitric acid in the pres-
ence of ammonium vanadate, considerable amounts of
nonane-1,9-dicarboxylic ac1d are formed together with
decane-1 10 -dicarboxylic acid®®. Catalytic oxidation of
cyclododecene by hydrogen perox1de in the presence of
RexOr takes place with dissociation of the C=C bond and
yields decane-1,10-dicarboxylic acid®®. Oxidation with
potassium permanganate in acetic anhydride 1eads to1,2-
cyclododecanedione (48%) and other products 2"

I\Mm), —O
((‘HZ)IO " © H2 10 + (CHyp 10

\_/H (mto)2 \\/C k/@HOC

In an alkaline medium in the presence of catalytic amounts
of benzyltnethylammomum chloride, #rams-1,2-cyclodode-
canediol is formed in 50% yield %,

Cyclododecanecarboxylic acid has been obtained from
cyclododecene by the Koch reaction **

<o, mncoou

5> (CHi)y | du

N

Dibromocarbene adds smoothly to cyclododecenes with
formation of 13,13- dlbromoblcyclo[lo 1,0]tridecane, from
which cyclotridecanone 2" and cyclotridecene?'? were
obtained:

O 1 HOOG(CH,),,COOH |

(CH2)10\ ll

R
|

((C);! + :CBr, —> (CH UB}'Z IGJ) ((gi,\\CBr
N4 | Nt
Hy0 - /‘\ “m /SCH, /_\CH

—> (CHy),, C=0 <——— CHy),,
_/

CF;CO0H \i“/ \_/ \SCH UH

Metathesis of cyclododecene in the presence of the
WCls + CsHsAICl; system yielded unsaturated cyclic hydro-
carbons containing 24,36, and 48 carbon atoms in the
ring®*. The condensation of cyclododecene and (II) with
formaldehyde has been described *®

—

CH
(CH,),, || + HCHO + (CHiO0),0 —> (CH,);o ||

U —CH,0COCH,

When cyclododecene reacts with paraformaldehyde trans-
bicyclo[10,3,0]-2-oxa-14-pentadecene is formed '®
trans- B1cyc10[10 1 0] 2-tridecanone has been obtained
from cyclododecene "
CHBr

CH . inimide  /
(CHypso "H N-bromosuccinimi e(CH2)9 SH
CH
?
CH—O!
\ 1 LH212+Zn/CIl ~C

—> (CH,), /CH 7 G0, (LH.)

When cyclododecene is acted upon by NO in the presence
of Oz, 1-nitroso-2-nitrocyclododecane is obtained. It
rearranges on heating in DMF to give 2-nitrocyclododeca-
none oxime, 1,12-Diaminododecane and w-nitrolauric
acid were obtained from the latter 2%, Cyclododecene
undergoes a Friedel—-Crafts reaction with benzene and its
homologues to form alkylation products *°+?%:

/‘\ N
(@| _Cefle m-@ + Sy, HC@CH (CH),
\/CH CoHgAlcl, N2 = N
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Pyrolysis of (XXV) and (XXVI) results in the cleavage
of the ring with formation of 1,8-nonadiene and 1,11-dode-
cadiene and also in 1somerlsat10n involving the double
bonds !, When cyclododecene was treated with atmos-
pheric oxygen in t-C4HoOH in the presence of manganese
naphthanate, 1,2,3-cyclododecanetriol was obtained %2,
Photochemical cycloaddition of the olefins (XXV) and
(XXVI) to di chlorovinylene carbonate leads to three stereo-
isomeric carbonates of dichlorobicyclo[10,2,0]-2,3-tetra-
decanediols *®

The synthesm of w-cyanoundecanoic aldehyde from
(XXV) and (XXVI) via the mechanism

QNOII CH,0H

(CHY, H tvod iy § T (GH,

U Qe o,

is of great interest®®. The reaction of cyclododecene with
B.Hs yielded the corresponding tri(cyclodecyl)borane *®

When cyclododecene was treated with nitrogen oxides and
air, oz mtrocyclododecanone was obtained in a high
y1e1d “#°  "The mechanism of the oxidation of (XXV) and
(XXVI) by molybdenum peroxide has been investigated !,

A study has been made of the kinetics of the hydrogenation
of (XXV) and (XXVI) to cyclododecane in the presence of
platinum and palladium blacks # (XXV) and (XXVI) form
7-allyl complexes with palladlurn chloride ®’. The struc-
ture of the complex of {rans-cyclododecene with AgNQOs,
having the comp0s1t10n (trans-C,2Hz2)2.AgNOs, has been
investigated ® On heating with perfluorobutyne, cis,
trans-1,3- cyclododecadlene gives rise to a mixture of two
b1cychc products ®

PCls
— NC(CH,),,CHO

V. SYNTHESES OF CYCLODODE CANE DERIVATIVES

The methods of synthesis of cyclododecane derivatives
are of great significance, since the preparation of the
industrially important decane-1,1~dicarboxylic acid, 1,12~
diaminododecane, and w-dodecalactam is based on them.
The oxidation of cyclododecane (XXVII) by atmospheric
oxygen to cyclododecanol (XXVIII) and cyclododecanone
(XXIX) has been studied in detail. When (XXVI) is oxi-
dised by oxygen in the presence of boric acid or boron tri-
oxide, a mixture of 80% of (XXVIII), 8-10% of (XXIX),
and 10% of polyfunctional oxygen- contammg compounds
(conversion 30-35%) is formed *°"%¢;

H—OH =0
(XXVIII) (XX1X)

The high selectivity of the oxidation in the presence of
boric acid has been pointed out in patents ZB A
greater amount of the ketone (XXIX) is formed in the
presence of manganese-or cobalt salts #°**!,  When
(XXVII) was oxidised by oxygen in the absence of boric
acid, it was found that at the beginning of the process
cyclododecyl hydroperox1deg (XXIX), and (XXVII) accu-
mulate simultaneously *%™* After the attainment of the
maximum, the concentratlon of the hydroperoxide falls
owing to 1ts thermal decomposition. This results in the
formation of a mixture of 70% of (XXIX) and 30% of
(XXvII). Cyclododecane is oxidised to cyclododecyl
hydroperoxide in the presence of alkali metal salts
A study of the mechanism of the decomposition of cyclo-
dodecyl hydroperoxide showed *° that considerable
amounts of undecane and undecyl alcohol are formed in an
inert medium, while in the presence of O; hardly any

(XX VID) —-—> (LHg)m

6243
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undecane is formed. The oxidation of (XXVII) by nitrogen
dioxide to decane—l ,10-dicarboxylic acid has been
reported
Treatment of (XXVI) by hydroxylamine and oxygen
under irradiation leads to 1,2-cyclododecanedione monox-
ime %2;
(XXVID) M (((W:??:NOH
CuCly, hy C=0

Nitrocyclododecane was obtained in the liquid-phase nitra-
tion of (XXVII) by nitric acid *8:%%%*;

/\CH —NO,

(XXVII) ——»0 (CH,),,

Nitrocyclododecane was also obtained on hydrogenatlon of
3-nitrocyclododecene ® When nitrocyclododecane is
treated with a solution of potassium hydroxide, the potas-
sium salt of aci-nitrocyclododecane is formed and is con-
verted into aci-nitrocyclododecane on acidification Z*'%°,
This aci-form is stable and does not change even on
recrystallisation®. When nitrocyclododecane was
hydrogenated, aminoﬁyclododecane and cyclododecanone
oxime were obtained ®'®7,  When the potassium salt of
aci-nitrocyclododecane was treated with H.NOH.HCI,
cyclododecanone oxime is formed in a high yield ®*

The hydrolysis of a nltrocyclododecane salt results in
the formation of cyclododecanone ***®®°  The conver-
sion of nitrocyclododecane into w-dodecalactam at a high
temperature in the presence of certain metal oxides has
been described ® Numerous studies have been devoted
to the photonitrosation of (XXVII) to cyclododecanone
oxime 139715%168:51-266 5,4 t6 the isomerisation of cyclodo-
decanone oxime to w-dodecalactam, which is the initial
compound in the synthesis of polyam1de 12 1,262,267 -211,

/-\c.*NOH uzso, /\ =
CHy

CINO
(XXVID = (CHp)g .~ (CHy)y, |

N

Nitrododecalactam has been obtained by treating a-nitro-
cyclododecanone oxime with concentrated sulphuric acid at 40-

5Oo C 272
CHNO,
/\C—NOH / \
(CHy,p T D5 (CH) =0

e

N=H

The acid or alkaline hydrolysis of w-dodecalactam results
in the formation of w-aminododecanoic acid***#*"%™,

The photochemical chlorination of (XXVII) to mono-
chlorocyclododecane has been investigated '™ ¢, Mono-
chlorocyclododecaneundergoes the Friedel-Crafts reaction
in benzene and toluene, forming phenyl- and tolyl-cyclo-
dodecanes & Hexabrom ocyclododecane, obtained from
(I) and () on dehydrobrommatmn undergoes an unusual
transformation into benzocyclo-octatriene®

N AN
cyclo- CyoH Brg _M_) I/ ‘(_ “

N N="

When (XXVII) is heated to 300°C in the presence of plati-
nised charcoal, it undergoes transannular dehydrocychsa-
tion with formatlon of bicyclic hydrocarbons
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Epoxycyclododecane (XXX) has been obtained by the
hydrogenatmn of the double bonds in epoxycyclododeca-
diene asrgd by the epoxidisation of cyclododecene by per-
acids™"%:

RCOOOH H(i

CH
(X1V) 2 (c/)\l“. (CHy),
Ni H2 10 {O 2710

NG

(XXX)

The cis- and {rans-oxides are formed from cis- and trans-
cyclododecene. Catalytic hydrogenation of (XXX) over
Raney nickel !3,%%,78 Jeads to the formation of cyclododecanol
and cyclododecanone:

— (XXVII) + (XXIX) ,

Isomemsatlon of the epoxide (XXX) under the influence of
LiBr'® or Mgl;'® leads to cyclododecanone:

(XXX) —Mel:_, (XXIX) .

Cyclododecanol has been obtameu by hydrating cyclodode-
cene with sulphuric acid?° and also on hydrogenation and
hydro;sm of 1-acetoxy-5,9-tvans, trans-cyclododeca-
diene Dehydrogenation of cyclododecanol at 240-250°C
under the influence of catalysts (Raney nickel, Cu/Cr,
Ni/Al;0s, Cu/8i0;) leads to the formation of cyclododeca-
none in a high yield'*°:#*°*®!  The synthesis of cyclo-
dodecanone by the hydrolysis of cyclododecanone oxime has
been described ®°7%°,

Decane-1,10- dlcarboxylic acid is formed in a high yield
when cyclododecanol or its mixture with cyclododecanone
is acted upon by nitric acid in the presence of ammonium
metavanadate '""'*'®2 or V,05.%*® It has been stated in
patents #*'®° that the oxidation of cyclododecanol is accom-
panied by nitration, which resulted in the isolation of
w,w-dinitrododecanoic acid; however, the addition of
copper powder to the oxidation reaction prevents the for-
mation of nitro-acids ®*. When cyclododecanol is treated
with a mixture of FSOs;H-SbFg~S0,, it isomerises to hexyl-
cyclohexanol #°:

OH
|
N/

XXVII) - l J
AN

The oxidation of cyclododecanol by lead tetra-acetate in
the presence of iodine gives rise to a mixture of oxygen-
containing products in whlch 13-oxabicyclo[8,2,1 Jdodecane

()Q(XI) predom inates
(anis

(XXXI1)

(CHa)s CH,

/-\LHOCOCH:.

PH(OCOCH
(000tHa), FOXXIX) + (CHz)w

(xxXvI ————

Oxidation in the absence of iodine leads mainly to acetoxy-
cyclododecane.

When cyclododecanediol is heated in the presence of
Raney nickel, 2-hydroxycyclododecanone is formed *?
while catalytlc oxidation in the presence of [(CGH P]gRuC12
and benzaldehyde yields 1,2-cyclododecanedione ®
Methods for the preparatmn of 2- alkoxy 1- alkylcyclodode—
canes #° and cyclododecylamides ®*, which exhibit phar-
macological activity, have been descrxbed 1-(Dialkyl-
aminoalkyl)cyclododecyl carboxylates ®Z and the esters of

963

1-(aminoalkyl)cyclododecanol possess bactericidal proper-
ties®®. The oxidation of cis,cis,trans-1,5,9-cyclodode-
canetriol by the Brown method proceeds with a transannu-
lar interaction and leads to the hem1aceta1 (XXXII) and the
acetal (XXXII) in proportions of 43 :57.%

Solle)

(xxxu) (XXXIID)

VI. SYNTHESES BASED ON CYCLODODE CANONE

Numerous compounds have been synthesised on the
basis of cyclododecanone (XXIX) and many interesting
reactions have been carried out. Ag stated above, (XXIX)
is obtained by the dehydrogenation of cyclododecanol
(XXVIIT) 117929521 | the jsomerisation of epoxycyclodode-
cane (XXX)'#'%, the hydrolysis of cyclododecanone
oxime #**®° and'the oxidation of cyclododecane ®® /%0 -8
cyclododecanol®®, Several studies have been devoted to
the synthesis of cyclododecanone oxime from (XXIX) and
its conversion into w-dodecalactam *77%1%°~27

The reaction of hydroxylamine with cyclododecanone
under the influence of hydroxylammonium chloride or sul-
phate takes place readily and in a quantitative yield in the
presence of bases (ammonia, potassium or sodium car-
bonate) 1177°9%%2%  \When industrial hydroxylammonium
sulphate, contammg ammonium sulphate and sodium sul-
phate, is used, the conversion of cyclododecanone into the
oxime takes place without the addition of bases, because
sulphuric acid is bound into acid ammonium and sodium
salts '1*#°  The reaction with hydroxylamine is carried
out in alcoholic, aqueous alcoholic, and aqueous media,

a higher temperature being necessary in an aqueous
medium, Xclododecanone oxime forms a 2 :1 complex
with SnCls.

The mechanism of the Beckmann rearrangement in
cyclododecanone oxime has been investigated and it has
been found that the process proceeds via a unimolecular
me chanism * a-Chlorocyclododecanone oxime is readlly
obtained when mtrosyl chloride adds to cyclododecene®®
The substitution of the chlorine atom in a- chlorocyclodo—
decanone oxime by alkoxy- and amino-groups has been
described®! ™%,  On treatment of (XXIX) with NOCl or
RONO:; in the presence of HCI or sodium alkoxide, cyclo-
dodecanedione monoxime (XXXIV) is formed in a hlgh
yxeld3 ; it rearranges smoothly to 11-cyanoundecanoic
acid under the influence of phosphoric acid 806,307

and

97% H3PO4

(CHy)yo NC(CH3) gCOOH.

(0]
k/ =NOH

(XXX1V)

(XXIX) o>

The hydrogenation of (XXXIV) yielded bis-2,3,5,6-deca-
methylenepyrazine

N\/\
Wy, [ (CHY,
B SO -~ C\N//C¥/
(XXXIV) @
’4"’ mH—OH
(CHp), |

UH NH,
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The reaction of (XXIX) with NOC1 and ethanol in SO;
leads to the cleavage of the ring via the mechanism **:

(XXIX) + NOCI + C;HyOH —2 > HON=CH (CHy), COOC;H .

a-Nitrocyclododecanone is obtamed by the hydrolysis
of its oxime with hydrochloric acid* The alcoholysis of
a-nitrocyclododecanone results in the formation of w-
nitrododecanoate esters®*

m() HUH

(GHyly, |

NS

Wheri (XXIX) is brominated, monobromo- or dibromo-
cyclododecanone®!! is obtained:

—> NO,(CH,),;,COOR

CHBr

o, [

(XXIX) —> (CH,) — > (CH, )J G=0

\-/CHBr 1(1 /
CllBr

M onohalogenocyclododecanones are readily formed on oxi-
dation of the corresponding halogenohydrms 1,

Croy

—> H
X =C} or Br.

The Favorskii rearrangement of a-halogenocyclododeca-
nones under the influence of alcoholic alkali leads to the
formation of cycloundecanecarboxylic acid '™

(CHQ).0

HX
(wzo — (CH,),, CHCOOH 3

X =(l, or Br.

Under these conditions, @, @'~dibromocyclododecanone
gives rise to cycloundecenecarboxghc acid, which has been
converted into cycloundecanone311

CH3ONa /\COOH 1. NHj /—\ H,
H

(CHyp)y (=0 ———> (CH,), -—> (CHp),

CHBr

‘CHBr

The oxidation of (XXIX) by hydrogen peroxide in the
presence of SeQ; leads to cycloundecanecarboxylic acid®®.
Cyclododecanone peroxide has been obtained by treatmg
(XXIX) dissolved in carboxylic acids with H0,.***** In
the presence of cyclic ketones bls(cyclododecyhdene)
cycloalkylidene triperoxides are formed %1% and their ther-
mal decomposition in chlorobenzene leads to macrocyclic
compounds, for example:

~
S o
s} —> (CH,)y CH, + (CH,)y; C==0
~35% ~A42%
317-319

Perbenzoic acid , Caro's acid, and hydrogen peroxide
in sulphuric acid®*® were used to oxidise (XXIX) to dodeca-
nolide:

CgH5COOOH
(XXIX) —————> (CHy),, C=0
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Irradiation of (XXIX) results in a transannular rear-
rangement with formation of bicyclo[8,2,0]Jdodecan-1-01°%"

On heating cyclododecanone and cyclododecanol with alkalis
to 350°C, a mixture of lauric and nonane-1,9-dicarboxylic
acid is formed in 90% yield *#22

(XXVIII) + (XXIX) —aor— CH (CH,)zp COOH + HOOC (CHy)y COOH .

The addition of hydrocyanic acid to (XXIX) takes place
readily in the presence of (C-Hs)sN with formation of a
cyanohydrin *#*7*#  from whlch cyclododecanecarboxyhc
acid®®, cyclotrldecanone , and brassylic acid*® were

obtained:
CN
o sody /\

(CHy),y — (G, |
\\/&{f \/

CN NaOH

(XXIX) + HCN —> 350°

——> MOOC(CH,),,COOH

The formation of hydantoins from cyclododecanone or
cyclododecenones has been described *®:
NHCO
(XXIX) + KCN + (NH,,C0, —> (Clly),, C |
CONH

1,2-Cyclododecanedione is formed in a high yield on

LE13eoating hydroxycy clododecanone with copper diacetate®®’

Cl C=0 (CH4C00),Cu
OH 3 2
—> (CH,),, _—

\./ HOH

(CHz)w

o

C=0
(CHo)y |

e s

Diazocyclododecanone has been obtained by the reaction**

CH3C5H S0pN 5

[ =0
HOH  (C2Hggy (CHyy |

o

=0
(CHy)y |

a-Halogenocyclododecanones are readily reduced to
cyclododecanone in the presence of Lil and (C:Hs):0.BFa.*
The reaction of @, a’-dibromocyclododecanone with furan
in the presence of Fe»(CO), takes place in an interesting
manner

(CH,)g
cH{r i N
Fe(CO)y ( =0 [
(CHy), C=0 -+ | —— + (L@Hﬂ
g 8“% o
(XXXV)

(XXXV) has been converted via a series of stages into
tropone (XXXVI)*®*

CH,)

1. Hy/Pd

2. (CoH )0 * BFy

3. N-bromosuccinimide
4. LiCl

(XXXV)

(XXXVT)
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Tropone has been obtained from cyclododecanone also in
accordance with another scheme via the ethoxycarbonyl
derivative (XXXVII)®*:

(C,H50),C0 F\ = Br(CH,)Br
(XXIX) —on > (CHy), —_—
HCOOC,H; NaH

(XXXVII)

(CH,) cn,)
@COOCZ
—

(XXX VIII)

When the ketone (XXXVIII) was brominated and debromi-
nated, tropone was obtaLmed3 . Metacyclophane (XXXIX)
was synth951sed similarly®

(CHQ)‘_k (C H?) (CH,)
Br cn,)aar
(XXXVI) ~—p—> COOC,H;

(XXXIX)

Ultraviolet irradiation of the ketone (XXXVIII) led to the
formation of cyclopentadecanecarboxylic a01d (XL), which
was converted into cyclopentadecanone ***”**

i
(XXXVIIT) H—"\)) (CHp),, CHCOOH —> (CH,),, =0
2

(XL)

A new method has been proposed for the alkylation of
a,a’ dlbromocyclododecanone with formation of a@-alkyl-
cyclododecanones3 8339,

CHBr
4CuLi 0
1CH,),

R
L
HBr

The action of a Grignard reagent on (XXIX) W1th forma-
tion of alkyleyclododecanols has been investigated °
M ethylcyclododecanone has been obtained by the reactxon
of bromocyclododecanone with CHsZnlI in DMSO 2, The
reaction of chlorocyclododecanone with two moles of vinyl-
magnesium chloride leads to the formation of (XLI), which
is converted into 5-cyclohexadecenone after the Cope
rearrangement *4°%*!:

=0 2 CHy=CHMgCl /-\C—-LH =CH,
(CH,),,

\_/CHCI CQ"’/ H—CH=CH,

(XLD

s (CH,), (CH,),
c==CH

a- Alkylcyclododecanones have been obtamed by the
formylation of (XXIX) via the mechanism **%;

© 00C,Hg (m=o (CoHg);NH o RMgX
(XXIX) 5 ON.’ t_wﬁlﬂoﬂ ¥4 C=CHN(C,H),

(XL1D)

=0 Hy [}0
—»(Hg)
R

UHCH R

—> (CHy)y |
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(XLI) undergoes oxidative cleavage by hydrogen peroxide,
which leads to brassylic acid®®. Formglcyclododecane
was synthesised from (XXIX) as follows

(CgHs)3P=CH, f\ H, 1. BoH, /\ /0

(XX1X) —————> (CHy),q “2% (CHY,, CH—C__

2. Hy0.
U—_ca, 20, U H )

A method has been described for the synthesis of 1,6-
cyclohexadecanedione by treating 1,2-cyclododecanedione
with v1ny1magnesmm chloride and a subsequent rearrange-
ment **

i
OH

q 0 2 CH;=CHMgCl m/ —CH==CH. /l:\
(CH)yg —t (CHy)yo 2 £y (CHypo (CHY),

=0 \/ <§:=CH, Kﬁj

o]

Depending on temperature, the isomerisation of 2,3~
epoxycyclododecanone takes place with formation of 1 2-
or 1,3-cyclododecanediones **

o O

o
5,

0 5 BF;-DMSO ¥
‘503

Methods have been developed for the synthesis of [7]-
metacyclophane and its bromo-derivative via the aldol con-
densation of 1,4-cyclododecanedione **®***" and [TJ (2,8)pyri-
dinophane denved from 1,5-cyclododecanedione®
Cyclododecanone has been made to undergo the Mannl ch
reaction **°7%°1;

(XXIX) + CH,0 + CH,NH,*HCl —>

&a,

The cis- and trans-2-cyclododecenones gXLIII) and (XLIV)
were obtained from epoxycyclododecane®

1§H
xxx) TS (@ L, z\k:

(XLIII) (cis)
(XLIV) (trans-).

The synthesis of a mixture of ¢is- and trans-cyclododece-
nones by the bromination of cyclododecanone ethylene ace-
tal and subsequent dehydrobrommatlon by t-CsHeOK in
DMSO has been proposed®®, cis-Cyclododecenone (XLIII)
is thermodynamically less stable than the {rans-isomer
(XLIV) and isomerises to the latter **2, Ultraviolet irra-
diation of a hexane solution of (XLIV) leads to 2 mixture of
(XLIII) and cis-3-cyclododecenone®? Diene condensation
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of (XLIV) with butadiene leads to fvans-bicyclo[10,4,0]-
hexadec-14(15)-en-2-one, which wholly isomerises to the
cis-isomer on treatment with t- C{HsOK :***

Al

(XLIV)

The cis-isomer (XLIII) does not undergo diene condensa-
tion with butadiene. [9Metacyclophane and [9](2,4)pyri-
dinophane have been obtained by the reaction of (XLIV)
with acetoacetic or cyanoacetic ester and subsequent reac-
tions of the adducts®®®:

(CHy) (CH,)
(XLIV) + CHyCOCH,CO0C,H; _)Hogdcooczﬂs.ﬁ’ g@)
0

A series of 7[Q]heterophanes have been obtained from

(XLIV)3®6%7.
{CHoy, CH),
<|/Q
N—-X

X=0or$s X=0orNH
When (XLIV) reacts with hydrazine hydrate and this is
followed by dehydrogenation with sulphur, [9](3,5)pyrazolo~
phane is formed, while treatment with lithium acetylide
and further cycllsatlon lead to 11-methyl[9](2,4)furanc-
phane ***:
OH
é/CECH

(XL1V) + CH=CLi —> (CH,), CH

\/

Decamethylene-a-pyrone has been obtained by the con-~
densation of (XXIX) with dichloroacrolein and subsequent
cyclisation **¢:

j i
C C:
CCl,=CHCHO (;¢ \ /\C/ \
(XXIX) ———5—> (CHy);, | C—H —> (CHy),, |l CH
H \_/C=0 Vi . C
/c—u No—C=0

1

The product of the condensation of 1-methoxycyclodode-
cene with 2-methylbut-3-yne-2-ol undergoes the Cope
rearrangement to give 3,3-dimethylallenylcy clododecenone,
which isomerises on ultraviolet irradiation to 4-isopro-
pylidenecyclotetradecenone®®, When 3-acetylcyclodode-
canone 1s acted upon by C:HsONa, a bicyclic ketone is

formed>®
0
1 (CH,)q
/C\ CoHzONa
(CH), CH; 225
\\ } C,H OH o

CHCOCH,

Enamines have found extensive applications in the syn-
thesis of various cyclododecanone derivatives **' ">, When
morpholinocyclododecene (XLV) is treated with carboxylic
acid chlorides in the presence of (C:Hs)sN, 2-alkyl-1,3-
cyclotetradecanediones (resulting from the insertion of two
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carbon atoms in the ring) and acylation products are

formed %%,
"’/X ) [ﬁ
(CH2 R s> ( \C
i
o
~£z)?| N/_\O RCH,COCI (XLVD)
\/H (CoHg)yN
(XLV)
e
—N. 18 =0
(cu) || =~
C"/c C—CHR HGL (M) & o—ﬁ CHR

.

When (XLVI) was treated with lithium tetrahydroaluminate
and this was followed by dehydration and hydrogenation,
methyl- and ethyl-cyclotetradecanones, which have a
strong musk-like scent, were obtained **®:

0 0
Il 1

v (N e N /*3

(XLVI) —— (CHy),, CHR S (CHy),, CR
\\_/CHR

2. H,09 CH/ \ //

H

Pd/BaS0,

R=CH,, C,H,
The 1nteract210n of 2- alkyl 1,3- cyclotetradecanedmne
with hydrazine hydrate or 2 4 -dinitrophenylhydrazine*®
leads to a pyrazole derivative:

(o}
1 —NH
/C \ NH,NH, *H,0 / (‘\
(CH,),, CHR T (GHy)y, CR
\C \éN

Il
0

When acrolein acts on (XLV),
takes place®**:

an interesting reaction

H H

K“I(C“\ < N
(XLV) + CH,=CHCHO -—>» (CHQ)Q C—N H) C— N/ CH,

\Z_ / N

\—CHQ

HCL+H,0

S,
(CH,), ):0 CH,
\?VCHQ

H

The irtzraction of (XLV) with methyl vinyl ketone leads
to a Licyclic ketone®*":

(XLV) + CHQ—CHCOCtig — (cm),o

—>
\/CH(CHZ)QCOCHJ

/C2

—> (CHy)y I C 0

\./ \(CH .

When (XLV) is irradiated with ultraviolet light in the
presence of CClL, a dichlorovinyl ketone is formed 368,

1) CClg, hv /\C:‘O
(XLV) — = (CHy)y,
2) Haoe CCly
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Oxopentadecanolide has been syn’chesmed from (XLV) and
ethyl acrylate via the mechanism *¢

/ .
v(XLV) (HQ—(,H('OO(‘ Hg ((,Hz)lo " I.ngllh
\\_/C—(CHQ) ,COOCH; 2. H
(XLVID
f
\ RCOOOH F\L/—\
—> (CH,),, tcciyon (CHQ),., || (A ———> (CH,),, . (CHy),
2/3
k/ v e Hz) \\_/|0|\-/
(XLVID

Hydrolysis of (XLVII) leads to -(2-oxocyclododecyl)pro-
pionic acid®*****"°,  Ultraviolet irradiation of this acid

results in the formation of w-formyl-4-tetradecenoic acid,
whose reduction leads to w-hydroxypentadecanoic acid*™.
Oxopentadecanolide hag also been obtained from (XLVIII)
by treatment with butyl nitrite and subsequent hydrolysis

o] 0
1|/O |
14HgONO \ 150 h‘lz:

(XLVILD) ——{—> (CH,)\o (CH.)); ——> (CHy)o (CH,),

N, W,

NOH (0]

Similarly 1-acetyl-13-hydroxyimino-1-azahexadecan-2-one

was obtained from 1-acetyl-2,3-decamethylene-1,4,5,6-
tetrahydropyridine *’2, Treatment of the ketoester
obtained from (XLVI) with alkylamines leads to the syn-
thesis of bicyclic lactams *™:

/(( *H),
RNH, C
(XLVI) —> (CHp,, ]é ¢=0

Ny
|
R

The reactions of (XLV) with a substituted c%clopropenem

and dibromoacetone have been investigated The mor-
pholine residue in (XLV) undergoes an exchange reaction
with cyanoacetic acid®™®:

N
(XLV) + NCCH,COOH —> (Cu)m /C
\coon

When (XLV) interacts with acryloyl chloride, a bicyclic
product is formed®”

C:

(CHy,

(XLV) + CH,=CHCOCI — (CH,), C—N/
2 TN

C

a-(2-Oxocyclododecyl)acetic acid has been obtained by the
reactlon of (XLV) with a bromoacetate ester sa4 When
pyrrohdmocyclododecene condenses with an ester of ace-
tylenedicarboxylic acid®
formation of a cyclotetradecenone derivative, which has
been converted into 3- carboxycyclotetradecanone376

i
C
C—COOCH, /\” groooctt, £
(xXLv) + || — (CH. )'°c —dcoo —> (CH.),, CHy
_cooct, v}{ deo CH,
{—coon

H

371,

, ring expansion takes place with

967

Cyclotetradecanone has been obtained by the reaction of
(XLV) with ethyl propiolate®’®:

N/

P

.
C—COO0C,Hy
(XLV) + HC=CCOOC,H, —> (CH,), |
¢

=4

— (CH),, C=0

Using this reaction, it is possible to obtain the racemic
muscone®®, A series of methods of synthesis of muscone,
cyclopentadecanone (exaltone), pentadecanolide (tibetolide),
and methylpentadecanolide (muscolide), which are valuable
perfumes, have been developed on the basis of cyclodode-
canone,

The synthesis of natural muscopyridine from cyclodo-
decanone has been achieved by the Stobbe reaction via
(XLD()SBI

_COOC,H;
{CH,CO00C,H,), /\c=c ?

XXI - (C —_—
(XXIX) t-C4HgOK ((Q)m/c[m \(;m)(;,HQ
‘ 0
P! !
YN

[o
—> - (CH,),, g Cll, —> (CHy)yy Ié cH, —>
Ncr NS

CH,
COOC,H; (XLIX)

(CH,)G

This reaction has served as the basis of a method of syn-
thesis of cyclopentadecanone®**™%%;

0 [¢]
ll /\l[

c
(NLIX) — (CHy),, —> (G, )w ((112), —> (CI),, (CH,),

L/ll “~CH==CH
(1)()11l (J)“ J
((()_\ (CHyY, —> (CHy)yg iq:u:) —> (CHy),, C=0
i \_/\(”/ \\_/;\CH/
H (l»ﬂ
0

i
'S (N
(CHy),, I>0 (CHy), —> (CHy),y (CHy), ——
o/ N
C:

Mus c%r;le has been obtained from (XLIX) via the mecha-
nism

( (o}

] ! ]
/ N e

O\ \ CH, \
(XLIX) —> (CH,), II CH, —> (CH)y, (|:/o CH, —> (CHy),, (.“' CH,

\(“ N\ N

[ ((u ﬁ.H

CH, CH, CH,

A convenient method of synthesis of cyclopentadecanolide
via the mechanism ***»*%7

C=0 CHy=CHCHO K\C:U Nalbiiiy
(CHu)yo | ——— (CH,),, |__cooc,H, —>
CHCOOC, Hy ¢ =
CH,CH,CHO

(L)
/()
=0 f { [ Hyty,
( Hy)yg ([/C00C2!I; —> (CHy)y ‘H (CHy), —>
“(CH,),CH,0H !
Q0H fe)
/-0 Nl/{)
—> (CHy), q (G > (G, (CHy),

N N
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has been developed. The methyl analogue of cyclopenta-
decanolide (muscolide) has been obtained similarly from
(L) and methacrolein*®”%* | It has been reported that

¥, 0-decamethylene-&-valerolactone has a strong musk-like
scent®®”® It has been synthesised via the mechanism

[0}

i 0
/C ‘J<
Hy / CH 7\ CgH5CO00H /\I/{O
(XLIX) —=2» (CH,),, C|H (CHy)), ——> (CQ),(,/E Uﬁz)r .

The g)roducts of the reaction of cyclododecanone with gly-
cols*®® are components of perfumes.

During the preparation of the review for the press,
studies which are of interest were published. An indus-
trial method of synthesising compound (II) (1,5,9-CDT) by
a continuous method in the presence of the (C-Hs),A1C1-
TiCl catalytic system has been developed®®”. A mecha-
nism has been proposed for the cyclisation of butadiene to
(I) in the presence of Ni(CsH703)z + (C2Hs):AL *®  Partial
ozonolysis of (I}, with subsequent reduction of the peroxy-
compounds formed by dimethyl sulphide, leads to 1,12-
diformyl-trans, trans-4 8-dodecadiene®*'. Conditions
have been found for the selective hydrogenation of (II) to
(XXVI) in the presence of RuCl,(PPhs)s activated by
(CzHs)sN.*2  The reaction of (XXV) and (XXVI) with N-
bromosuccinimide in the presence of water, methanol, or
acetic acid proceeds with formation of 2-bromocyclodode-
canol, 2-bromo-1-methoxycyclododecane, and 1-acetoxy-
2-bromocyclododecane respectively®®. Oxidation of a
mixture of (XXV) and (XXVI) by Jones reagent in the pres-
ence of mercury propionate leads to cyclododecanone®™,
It was noticed for the first time that oxidation of cyclodo-
decane by air results in the formation of 2-3% of trans-
epoxycyclododecanesgs. The isomerisation of epoxycyclo-
dodecane to cyclododecanone proceeds with a high yield in
the presence of palladium and rhodium catalysts®*®. When
epoxycyclododecane is acted upon by formaldehyde in the
presence of AlCls, 13,15-dioxabicyclo[10,3,0]pentadecane
and 13,15,17-trioxabicyclo[10,5,0 heptadecane are
formed®””. On ultraviolet irradiation, a mixture of 36%
of methyl cycloundecanecarboxylate, 17% of cis- and 25%
of trans-cyclododecenones, and 9% of cis-3-cyclododece-
none is formed on ultraviolet irradiation of @-diazocyclo-
dodecanone®®®; the reaction involving 2-methylcyclodode-
canone takes place with rin% cleavage and the formation of
40% of formyl-12-dodecene®®. A synthesis of bicyclo-
[10,3,0]pentadeca-1(12)~en-13-one and its methyl analogues
from cyclododecanone has been proposed*”. Formyl-
cyclodecane has been obtained from cyclododecanone and
ethoxymethylmagnesium chloride*®*. Treatment of 1,5-
cyclododecadiene with N-bromosuccinimide and subsequent
reduction of the s)roduct with LiAlHs lead to 13-oxabicyclo-
[8,2,0]dodecane 2,

A method of synthesis of cyclododecanone oxime on
heating cyclododecanone with ammonia in the presence of
t-butyl hydroperoxide has been described in a patent®®,

A method of synthesis of 1,3- and 1,4-cyclododecanediones
from a mixture of cis- and frans-3-cyclododecenones has
been discovered*™. [10]Paracyclophane has been synthe-
sised from cyclododecene and methyl acetylenecarboxyl-
ate*”®. [9](2,4)Pyrrolophane has been synthesised in two
ways: (1) by the condensation and cyclisation of 3-formyl-
cyclododecanone with ammonia and (2) by the condensation
of chlorocyclododec-2-en-1-one with di(ethoxycarbonyl)-
methylamine *°¢,
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