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Ustract. The reaction of cyclododaane- I .& and I .Tdiones wnh base has rcsultcd in the rapid formation 
of transannular akiol condensation products. la comrast, sodium ethoxidtcatalyred decomposition of 
N-n~rro~N-(6-ox~~cyclododbcyl)Pcelamidc and its 7-0x0 counterpart m ethanol solution was found to 
grvc rise cxciusivcly to unsaturated cyclododcccnona. An analysis of thcsc rauhs in terms of ~hc con- 
formational propcrtra of 12.mcmbcrcd rmg systems is ggvcn and discussion of the probable causative 
factors for the observed d&panty is presented. 

IN THE last decade, a large number of systematic investigations dealing with the 
physical and chemical properties of medium-sized rings(& 10 members) have appeared 
and it is now recognized that such cyclic compounds exhibit features such as trans- 
annular reactivity which render them unique. ’ In contrast, studies involving larger 
rings, in particular the cyclododecane system, are sparse in number. The restricted 
interest shown heretofore in such 12-membered cyclic compounds appears to stem 
princip~iy from their synthetic inac~ibility and a number of experimental obser- 
vations which suggest that cyclododecanes are relatively strain-free and therefore not 
subject to proximity effects. 

vanKamp and Coop~,~ for example, have shown that the heat of combustion 
(per CH, group) of highly purified cyclododecane approximates the value obtained 
with cydohexane and acyclic straight-chain hydrocarbons. The X-ray analysis of 
cyclododecane, effected by Dunitz and Shearer,’ furnished direct evidence that in 
the crystalline state this cyclic hydrocarbon possesses an approximately square 
conformation which, although related to typical diamond-lattice structures, is not 
directly superimposable on them9 The C-C-C bond angles lie between 109-l 17” 
and the shortest distance separating transannular hydrogens is approximately 20 A. 1 
The cychxiodecane system is, therefore, seen to be shaped so as to minimize torsional 
strain by roughly staggering all bonds despite the fact that this leads to some angle 
strain (3.4 +_ I.2 kcal/mole2~s) by opening of certain CCC angles. Still unresolved, 

l We wish IO express our appreciation IO the National Science Foundation for the generous support of 
this research (Gram No GP-2939). 

t Alfred P. Sloan Foundation Rcsnarch Fellow. 1%$1%7. 
$ Abstrackd in part from ~hc M.S. Thesis of M. L. Wise, 1%6. 

0 In this regard. II IS interesting IO note that aracyclododccane hydrochloride 1s of similar construction 
o 

wtth the catrontc NH, group occupying a corner position.4 

f In contrast. X-ray results md~cate that the transannular hydrogen atoms m 9- and l~membcrcd 
rings arc about 1.8 A apart ” 
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however, is the question of whether the conformation found in the crystalline state 
remains the most sip;nificant in solution. 

Essentially the same conclusions regarding proximity effects have been derived 
from a number of reactions of cyclododecane derivatives. Thus, Prelog’ and Brown’ 
have shown that the relative rates of acetolysis of cyclooctyl, cyclononyl, cyclodecyl, 
and cyclododecyl tosylates (relative to cyclohexyl tosylate = I) are approximately 
200, 175,400 and 3, respectively. The greater vclccity of this reaction with medium- 
ring derivatives as compared with cyclohexyl or cyclododecyl tosylates is unusually 
impressive. The almost complete (less than O-2 %) lack of transannular hydride shifts 
in the 12-ring system during carbonium ion formation was ascertained by appropriate 
C ’ * labelling experiments. lb Similar results have been obtained in the reactions of 
cycloalkenes with performic acid and cycloalkene epoxides with aqueous acid ;I* 
whereas the cis- and truns-isomers of the 9,10, and 1 l-membered cyclic olefins afford 
no 1,tdiols (because of t~~nnular ~r~ngemcnts) under these conditions, 
cyclododecenes, in contrast, give rise only to the normal l,Zdiols* 

Although transannular phenomena in 12 carbon rings have been demonstrated 
not to occur under certain carbonium ion conditions, the extension of this conclusion 
to other tym of reactions is not justified. Transannular reactions in cyclododecane 
derivatives should, in fact, be anticipated under certain conditions since such reactions 
are intramolecular processes, the rates of which can be expected generally to be much 
faster than those of competing intermolecular reactions. The recently reported 
phot~h~i~ r~~~ge~nt of cyclododecanone (1) to bi~~lo[8.2O]d~~- l-01 
(2)9 bears on this question to a degree. 

LI!T - 0 
hv 
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The present ~v~ti~tion was initiated to explore the chemical fate of trans- 
annularlydisposed carbonyl and diazo functions in cyclododecanes. Specifically, 
our goal was to examine aspects of the chemical behavior of cyclododecane-I,& (3) 
and 1,7diones (4) and their monodiazo counterparts 5 and 6. This study was made 
possible by virtue of the recent ready availability of 3 and 4” as well as of N-(6- 
oxocyclododecyl)acetamide (7) and its 7-0~0 counterparts (8)’ 

Tnm.sannu&u cyclizorion o~cycf~~eca~~jo~s. Brief exposure of cyclododecane- 
1,7dione (4) to a solution of sodium methoxide in methanot on a steam bath led to 
the isolation of the bicyclic aldol9 in 80% yield. When the same solution was rcfluxed 
for longer periods of time (up to 2 hr), 9 was again isolated in good yield but the crude 
product showed slight ultraviolet absorption at 255 rnp perhaps attributable to a 

l WC wish to thank Dr. Fonken for providing us with generous yuanlitia of startmg ma~crialr During 

the course of this work, WC learned that Drs. Fonkcn and Herr had afso studied the base-catalyrrd cycliza- 

[ions of 3 and 4. We wish to acknowledge a helpful exchange of mformation with Dr. Fonkcn regardmg 

this independent work which agraFs tn substantial detail with our own. 
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trace of the related dehydration product. In confirmation of the structural assignment, 
9 displayed the proper elemental analysis, a sharp hydroxyl peak at 3500 cm- ‘, 
and carbonyl absorption at 1685 cm-‘. Several attempts to dehydrate 9 gave only 
ill-defined products in low conversion. 

In contrast, treatment of cyclododecane-l&Gone (3) with a weaker base (5% 
aqueous sodium carbonate) proved to be a more complex reaction which was accom- 
panied by dehydration. The pale yellow oil obtained in 94% yield consisted of three 
components which were separated by preparative WC. 

The most rapidly elutcd material, present to the extent of 59%. was found to be 
A’*’ bicyclo[5.5.0]dodean-2sne(lO).The structure follows from its infrared spectrum 
which shows a conjugated carbonyl band at 1650 cm-‘. its ultraviolet spectrum 
[c 257mu (e 7460)], and its NMR spectrum (Experimental). In actuality, the 
presence of a weak infrared band at 1710 cm- ’ suggested contamination by minor 
amounts of p.y-unsaturated isomers in the purified ketone.. Hydrogenation of 10 
gave rise to bicyclo[5.5.0]dodecan-2-one (13). identical in all respects with a sample 
prepared in unequivocal fashion. 

The remaining two prducts where characterized as 11 (25%) and 12 (16%) on 

l Two such nonconjugntcd ~somcrs (I and U) are possible : \ w 
I 
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the basis of spectral evidence (Experimental), ultimate independent hydrogenation 
to bicyclo[7.3.0]dodecancan-2-one (14), and sequential Wolff-Kishner reduction and 
ozonization of 11. This last sequence of reactions produced the known cyclododecane- 
15dione (15). 

These results indicate that ring strain is not a necessary requirement for trans- 
annular aldol condensations. Although the enforced proximity of two groups may 
lower the energy barrier of such condensation reactions, the more distant relationship 
of the reaction sites in IZmembered rings remains conducive to the formation of 
bicyclic compounds. Our inability to dehydrate 9 remains unexplained at this time; 
the problem is complicated by the fact that the introduction of double bonds into 
such bicyclic molecules often drastically alters their geometry and implants unknown 
degrees of conformational rigidity. I1 It is noteworthy that cyclodecane-1,6dione 
very readily paste into A’* ’ bicycle-[5.3.0]decen-2-one.l 2 

Intrumoleculur dioroakme interactims. Intermolecular reactions of diazomethane 
and its derivatives with CO groups to give, usually, ketones and epoxides are generally 
thought to proceed by means of aucleophilic attack of the diaxoalkane on the electro- 
positive carbon of the CO group and collapse of the resulting betaine;13 more 
recently, it has heen proposed that ketonic and epoxide products may not arise from 
the same intermediate (the double-intermediate scheme).‘&* ” This scheme proposes 
that two types of association complex precede the formation of charge-separated 
intermediates; whereas one complex is postulated to be the precursor of the ketonic 
product, the second is proposed to lead ultimately to epoxide (see 20 and 21 for 
examples). 

In the last few years, Gutsche et al. I4 have applied these guiding principles to 
studies of intramolecular diazoalkanc carbonyl interactions. In a particularly good 
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example, for instance, diazoketone 17, prepared by base-catalyzed decomposition of 
N-nitrosoacetamide 16, was shown to afford bicyclic ketone 18 in over 80 % yield.‘*b 

16 II I8 

The synthetic feasibility of such intramolecular ring expansion has led us to con- 
sider the possibility of effecting transannular diaxoalkylcarbonyl ring contraniotts. 
The nature of the problem is outlined in generalixed formulas 19-U. Thus, in situ 

23 

21 24 

generation of a medium- or large-ring diaxocyclanone such as 19 can perhaps be 
expected to collapse with transannular bonding to give dipolar intermediates 20 
and 21.‘& Whether the diazoalkyl moiety reacts as a nucleophile (to give P) or an 
electrophile at carbon (to give 21) would logically be determined by the manner in 
which the interacting centers align themselves prior to and during the reaction and 
therefore could be strongly dependent upon ring size. Charge-separated intermediate 
20 would probably be produced predominantly in the cis configuration because of 
the strongelectrostaticattraction between the negatively charged oxygen and positively 
charged nitrogen unless substantial conformational factors intervened to favor the 
PQN orientation. Formation of spiroketones 22 and 23 would result from subsequent 
backside displacement of nitrogen by the appropriate migrating ring carbon atom. 
A certain degree of preference for one or the other of the two ketones (22 and 23) 
could logically be expected on this basis. 

Nitrosation of 8 was effected with dinitrogen tetroxide in methylene chloride 
solution buffered with anhydrous sodium acetate,‘I and the resulting N-nitroso- 
acetamide 25 was directly decomposed in refluxing 04M ethanolic sodium ethoxide 
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solution W* Steam distillation of the resulting mixture yielded two products which 
could bc separated by preparative VPC. The more rapidly eluted component (58 %) 
proved to be a colorless liquid which was subsequently identilkd as rruns-cyclo- 
dodecen-7-one (26). The identity of this material was based on intense IR absorption 
bands at 1710, due to a saturated CO group, and 970 cm - ‘, characteristic of disubsti- 
tuted trwrs olefins,‘*t an entirely compatible NMR spectrum (see Tabk I),$ an 
elemental analysis of its 24dinitrophenylhydrazone derivative, and its catalytic 
hydrogenation to cyclododecanone. 

The minor component (42x), a colorless crystalline solid (m.p. 41+42*5”), was 
shown to be cis-cyclododecen-7-one (27) on the basis of its IR spectrum (bands at 
17lOand 69Ocm-I),§ itselemental analysis compatible with a C,,H,,,O formulation, 
its NMR spectrum (see Table l)dl and its catalytic hydrogenation to cyclododecanone. 
Consideration of the mechanistically plausible pathway(s) for the formation of 26 
and 27 (see below) led to the placement of the okfmic center at the indicated position 
in each instance. 

Base-catalyzed decomposition of N-nitrosoacetamide 28 afforded a product 
which was shown by VPC to bc composed of four substances From an intense band 
at 1710 cm- ’ in the infrared spectrum, the presence of a saturated ketone CO group 
in the mixture could be inferred. Catalytic reduction with the absorption of two atoms 
of hydrogen to give cyclododecanone indicated the presence of the equivalent of one 
double bond in each of the four components. Any question that the semblance of 
unsaturation might be due to the presence of cyclopropyl rings was removed by 
examination of the NMR spectrum; therefore, each product presumably still retained 
the cyclododecane ring system. 

Separation of the mixture by preparative VPC proved feasible. Assignment of 
structure 29 to the colorkss liquid (20%) most rapidly eluted from the column was 
derived from spectral, analytical (Experimental), and mechanistic considerations. 

l For a rccen~ discussion of the mechanism of the alkoxidcmduczd cowerston of N-nitroso-N-alkyl- 

amine derivatives to diazoalkanes, see Jona and Muck.” 

t Cornparr the IR absorptions due to okfinic C- H bending of rrww and cis-cyclodeccn-6-ona: 982 

and 704 cm-‘. rcqectively.‘” 

: Smce the complctlon of this work. a Yugoslavian group has reported and reproduced the NMR 

spcaxra of cis- and rruns-cyclodeccn-bona. *’ AS expected. thcsc spectra are very similar IO the corrcs- 

ponding 12-membered nng congcners descnbal hereln 

5 see footnote t on this page and Ref 19 
see footnote : on thu page and Rcf 20 
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28 29 30 

In like fashion the second component (25%). also a clear liquid, was identified as 
ciscyclododecer&one (3). The remaining two products were identified as 26 
(31%) and 27 (24%) on the basis of the identity of IR and NMR spectra and VPC 
retention times with samples obtained in the decomposition of U. 

The total absence of ketones 31” and 32” and epoxide 33. in the crude decom- 
position mixture was definitively established by independent synthesis of the three 

31 32 33 

substances and careful study of their spectra and relative VPC retention times on a 
variety of columns. 

The exclusive formation of olefinic products requires that the rates of transannular 
collapse of the types depicted by 20 and 21 be much slower than the rates of conversion 
of the initially formed diazccyclododecanones to olefin-producing intermediates 
(see below). The inability of the diazoalkyl carbon to act as a nucleophilic center and 
attack the transannularlydisposed carbonyl carbon to give m is quite marked and 
lies in direct contrast to the results of the aldol condensation studies. Similarly, the 
carbonyl oxygen atom presumably lacks the ability to attack the potentially electro- 
philic diazoalkyl carbon to give intermediate 21. In view of this latter consideration, 
an earlier proposal ” that “O-inside” conformations of medium- and large-ring 
cycloalkanones are perhaps stabilized by transannular hydrogen bonding, the 
importance of which should increase with increasing electrophilicity of the species 
interacting with the carbonyl oxygen, does not appear to be valid for 12-membered 
cyclic ketones.” Contrariwise, it is more logical to expect the CO group to occupy, 
in the more stable conformations, those positions wherein transannular hydrogen 
repulsions are relieved ;2’ nevertheless, transannular interaction in the transition 
state is not likely to be sterically prohibited.? The above data suggest that the lack of 
transannular bonding in these examples may arise from the absence of severe proximity 

l The authors expres their apprcciatton to Dr. Wilham F. Erman, the Proctor and Gamble Co.. for 

supplying them with a generous supply of A’.* bicycl~6.4.0]dodaxne.*’ Although epoxidation of this 

okfin with m-chloroperbcnzow acid tn chloroform solutton dd ylcld predommantly the datrcd cpoxldc 

(33). a number of unidcnt&d minor components (as dctermtned by VPC) were also produced. 

+ Theoretical cakulations indicate. in fact. that cyclododccanone IS ol lower energy than the &rived 

hydrocarbon by I.7 kcal!mok.*4 
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effects in the cyclododecant system. As a consequence, more evidence on the nature of 
transannular diazoalkanecarbonyl interactions in medium rings is desired, and 
further work relating to this question is presently under study in this laboratory. 

It seems reasonable to assume that under the conditions employed for the N- 
nitrosoacetamide decompositions (protic medium) the diazo ketones decompose 
predominantly by cationic processes, although the partial intervention of carbenoid 
mechanisms is not entirely unlike1y.V Therefore, the most general pathways leading 
to olefm production involve ejection of nitrogen followed by proton loss (cationic) 
or intramolecular hydrogen shift (carbenoid)S With regard to the stereochemistry of 
the unsaturated ketones, it can be seen that the ratio of 27 (cis) to 26 (rr~~) is 075 + 
02, irrespective of the source (U or ts); in contrast, the cis/lrans ratio of 30 to 29 
resulting from t8 is decidedly in favor of the cis isomer (l-25 : I). Past studies have 
established that the cis/tran.s cyclododccene equilibrium ratio in acetic acid solution 
at 1004” is equal to @5l 7,29 whereas sulfuric acid-catalyzed equilibration at room 
temperature produces a cis/truns ratio of approximately O66.‘o Quantitative data 
concerning the stereochemical fate of l2-membered carbenoid intermediates are 
available from the thermal decomposition of the sodium salt of cyclododecanone 
tosylhydrazone in diglyme, which leads predominantly to a mixture of cis- and VUM- 
cyclododecenes in a ratio of 0.33.“§ The indicated disparity suggests that under the 
conditions of N-nitrosoamide decomposition either the observed products are the 
result of kineticallycontrolled processes or the presence of the carbonyl group 
influences the direction of equilibrium to a significant extent.# 

EXPERIMENTAL 

Mps are conccted and bps arc uncorrected. The IR spectra were determined with a Perkm- Elmer 

Model 137 lnfracord spcctrophotometcr fitted with NaCl prisms The mmoanalyscs were dctermincd 

by the Scandinavian Microanalyti~l Laboratory. Hcrkv. Denmark. The VPC analyses were obumcd 

with an Acrograph A-9OP3 thermal-conductivity gas chromatogmph usmg one of the following columns: 

A 10 ft x 025 in stainless steel packed with I5 y’, Carbowax 20M on 60180 mesh Chromosorb W at 180” ; 
B. 20 It x 05 in aluminum column packed with 209: Carbowax on 60/80 mesh Cbromosorb W at 190’. 

He was used as the carrier gas and percentage compositlons reported refer to the rclattve areas (planimctcr 

integration) observed for the diRerent components. NMR spectra were recorded on a Varian A-60 sPcctro- 

meter using dilute CCI, solns. 

lntramokcular aldol condensarwn oj cyclododeraont 1.7-dione (4). A soln of 400 mg of 4 tn 8 ml anhyd 

MC-OH containing 200 mg McONa was heated on a steam bath for IS min. After cooling the soln was 

poured into water, and the alkaline soln was andificd IO pH I with cone HCI. The p&duct was extracted 

with CH,Cl, and the combined organic layers were dried. filtered. and evaporated. Sublimation of the 

rcslduc gave 315 mg (80Y0) of 9 as a crystalline white sohd. m.p. 58-64 Rccrystalhzation of thts material 

from pcntane ( - 70”) gave an analyrlcal sample. m p 69.70 ; 1 DI, .‘M 3500 I OH) and I685 cm- ‘,y=O) 

(Found: C. 73.38; H. 1045. Calc. for C,IH1OO1: C. 73.43; il. 1027~,,,). 

l II is commonly recognued that dmzo compounds decompose m situ by carbmoid mechanisms m 

aprotic solvents and by cationic processes in protic media.” 

t Alkyl diazoacetata also appear IO bc sources of carbonium 10n.s m aqueous base.*’ 

8 lotramolbcular hydrogen shift to form okfins IS one of the main stabiluntlon rcac1Ions of alkyl and 

dialkylcarbcncs.l’ 
§- Base-catalyzed dccomposltion of C, Cl0 cycloalkanonc tosylhydrazons tn protr solvents fcsu~ts 

in a considerably greater okfin to blcyclic product rauo than is obtained m aprotic media” 

1 The puibllity ol thermal equilibration during the gas chromatographic prdurc was rcmovad 

from consideratron on [he basis of several control cxpcrlments 
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(002 mok) sample of 7 was rrealcd with 3i) g (0032 mole) dinitrogen tetroxide and 536 g (0066 mok) 

anhyd NaOAc as described above. No smrting material (yob recovered. The resulting ydlow oil was 

treated with 30 ml of a 04M ethanobc soln of NaOEt in a manner identical IO that employed with 25. 

VPC of Ihe residual oil (405 g) showed it lo consist of4 components in the relative amounls of 20% 25%. 

3 I ‘/, and 24 7;. 

The most rapidly eluded material (29) was colkc~ed as a clear colorleas liquid; vz 1710 and 970 cm- ’ ; 

for NMR sa Table I. Preparation of the 24diniIropbenylhydrne gave yellow crystal.% mp. 126s 

127.5” from 95% EtOH. (Found: C. 59.85; H. 690; N. 1535. Calc. for C,,Ha.N,O.: C. 5998; H. 671; 

N. 1555%). 

The second component, also a clear colorless liquid. was ideolikd as 30; ~2 1710 and 690 cm- ’ ; 
for NMR sa Table I. Preparation of the 24dinitropbenylhydrnc afforded ycllow-omngc crys~al.s, 

mp. 143.5 145^.(Found:C. 5968; H.6.86; N. 1539 Cak. for C,,Ha.N,0,:C.59.98; H.6.71; N. 1555%). 

The third and fourth components proved to be identical IO Y and 27, respectively. Thus, IR and NMR 

spectra were superimposable. VPC retention times were identical. and the UdiniIrophenylhydrazone 

derivaIives melted at I I9 120’ and I I I-I IT. mpect~vely. 

A methanolic solution of the crude mixture was hydrogenaled over 100,; Pd-C. After appropriarc 

workup, he product was shown by VPC and IR comparisons IO be pure cyclododdccanom. 

T~err I. CHIUCAL SltIITs OF THL VARIOUS PROTONS IS THE US3TI’RATU) CKLOMwWCFw)NEs 

Compound 
H’s adjacenr Aliphatic CH, Vinyl protons 

IO c=O group region (base width. Hz,, 
_ - - _- _- .- - _-- - -- ..-. .- 

26 Broad multipkI Broad unresolved Complex multplel 

aI 1.82-260 pk at IGO I.82 cenrcred at 5.39 (@37) 

27 Compkx multipleI Mull~plels a: Complex multipkI 

aI I.82 2.63 090 I.82 centered al 5.29 (029) 

29 MultipleI at RelaIively sharp Complex multiplel 

I ,85-2.65 peak at I.30 centered al 5.22 (047) 

XJ Symmclrical multipleIs RelaIivcly sharp Complex mulliplet 

aI 1.82, 2.59 peak ar I.26 centered aI 5.32 (033) 

’ Spcara were determined on approximalely I5 % solulionr in CCl.. 

* Further verification of the geometrical assignments is found in Ihc width of the vinyl proron region. 

Thus. the vinyl proron coupling consIants of rraru-cycloolclins have been shown IO be larger Ihan Ihose 

of simrlar prorons in a cis environmcnr, for cxampk. for c-is-cyclododecene, J - I08 Hz whereas for 

rrant-cyclododecene. J = IS.1 Hs [O. L. Chapman. 1. Am. Chem. Sot. 85. 2014 (IW3); G. V. Smith and 

H. Kriloff, /hid. US. 20016 tl%3)]. ConsisIcnI with this fact, the vinyl region of 26 and 29 is seen IO be 

wider than that of their cis counkrparts. 
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