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Abstract: De&rated rsotopemers of cychxlodecanone (1) have been synthesmed and then IH {D ) NMR spectra at 
-142oC have been unerpreted m terms of a [3333]-2-one conformahon This mterpretahon is consistent wrth that of 
the 13C NMR spectrum of 1 at low temperatures Assrgnments of the four cc-hydrogens and two phydrogens have 

been made, The gemmal couphng cosntants for the side a-CH2 and corner a-U-I2 have also been detenmned 

Knowledge of the conformatrons and conformanonal processes of 1Zmembered nngs constttute the fit 

step m the elucldatron of the substantrally unknown conformatronal features of large-nng compounds 1 Some 

structural mformanon 1s avarlable on a rather hrmted number of synthehcally valuble 12membered carbocychc 

compounds l-9 For cyclododecanone (l), x-ray drffrachon studies show that it exrsts as a square [3333]-2-one 

conformahon4.5, Thrs same conformahon 1s also adopted by 2.12~&bromocyclododecanone and cyclododecanone 

oxrme 6 Anet has reported that the low-temperature 13C NMR spectrum of 11s consistent wrth a [3333]-2-one 

conformahon 7 However the low-temperature 1~ NMR spectrum of 1 IS complex, and rt can not be fully analysed 

nor can the various chenucal shrfts and couplmg constants be determmed .We have prevtously reported force-field 

calculanons on 1, and have shown that two &shnct conformahonal processes are needed to achieve pseudorotanon 

of the lowest energy [3333]-2-one conformatton The C!2-pseudorotahon process which results in time averaged 

C2-symmetry m 1, and the Cs-pseudorotahon process which leads to trme averaged Cs-symmetry m l;The 

calculated &ram energy) bamers for theses two processes are vutually the same 8 

The 1~ NMR spectrum of cyclododecanone deuterated at all poslhons except for the a-protons (1 e. l-d18 ) 

at -142oC 1s shown m figure 1 It consrsts of two AB quartets whose upfield components are partly overlapped The 

two quartets have slgmficantly d&rent couphng constants (IJI = 18 and 12 Hz) and chenucal shrfts differences. The 

resonances can be assigned on the basis of a square [33331-2-one conformanon agNewman proJectrons along the 

CO-C, and C&B bonds of such a square conformanon of 1 for an a-methylene group at erther a comer (1-C) or 

side (1-S) posmon are shown m figure 2 One of the two hydrogens of the comer a-U-I2 group is echpsed wnh the 

CO bond and is designated a-Hsva, the other hydrogen of the comer a-CH2 wtll be referred to as a-H,n The 

inner and outer hydrogens of the side (non-comer) a-CH2 group are desrgnated a-Hentlc and u-Hex0 respechvely 

A kmethylene group can be either at a comer or a stde posmon m the [3333]-2one conformatton The p-hydtogens 

can have the same onentatrons wrth respect to the carbonyl fimcaon as do the a-hydrogens, and therefore the p- 

hydrogens are desrgnated m a manner analogous to that used for the a-hydrogens 1 e P-Hsyn, B-Harm, P-Hendor 

and P-I-LO 
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Figure 1 The 251-MHz tH[D) NMR spectrum of cyclododecanone-dig -2,2,12,12-h4 (l-dJ.13) m 

CHCl2F CHClF2 (4 1) at -142oC A theorttcal spectrum based on the [3333]-2-one conformanon of l-d18 1s also 

shown 

The corner a-CH2 group (1-C) drffers from the srde a-CH2 group (1-S) smce the proJectron angles 

between the p-orbital on the carbonyl group and the two C-H bonds are qmte merent m the two cases, being 9CP 

and 300 in l-C, and 300 and 300 m 1-S (Figure 2) It 1s known that the proton-proton gemmal couplmg depends 

on the value of thrs projection angle, bemg about 6 Hz more neganve than normal for the 1-S arrangement and 

almost unperturbed for 1-C 10 Smce the low field doublet (6 3 21) has a lJgetnl of 18 Hz, rt must be assigned to the 

a-CH2 group having the envuonment shown m 1-S , 1 e thrs a-CH2 group must be at a side posmon in the 

[3333]-2-one conformatton The resonance at 62 75 m l-&3 has a couphng constant of 12 Hz and therefore has 

the envnonment shown m 1-C (Figure 2) and must be assigned to hydrogen on a comer c&I-I2 group 

The low temperature JH NMR spectrum of cyclododecanone (1) itself (Figme 3) shows that the lowest field 

a-CH2 resonance is assocrated wtth a large vicmal couphng constant, since m the presence of p-protons it appears 

as a rough 1:2 1 mplet. wnh JBem + Jvrc z 30 Ha The low field msonance can therefore be assigned to an endo side 

proton smce only this u-proton has the mqtnred torsronal angle to produce a large vicmal coupling constant with 

one of the protons of the pmethylene group, as shown in I-$,3 (Figure 2). The side u-proton at 6 2 06 in l-d18 
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Figure 2 Newman proJectlons In the nelghbourhood of the carbonyl group for the [3333]-2-one conformatton of 
cyclododecanone (1) In I-C the carbon ca- to the carbonyl group (Cd 1s at a corner posmon, whtle m 1-S the C, 
IS at the altemattve side posmon In l-Cl,2 and l-S12 the conformatton IS vlewed along the CO-Cal bond, wble m 
I-C23 and l-S23 the conformation IS viewed along the C&p bond 
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Figure 3. The 396-MHz IH NMR spectra of Lyclododecanone (1) in CHClzF CHClF2 (4 1) at -6OW (a) and at 

-142OC (b) 

must then be exo Also m 1 (Rgure 3) the corner cc-CH2 resonance at 6 2 75 IS d relatively narrow band (uln = 20 

Hz) It seems probable that there are no large vlcmal couplmg constants between this a-proton and either of the two 

P-protons and that the observed band width can be ascribed to gemmal couplmg (IJI = 12 Hz from l-dl8 ) and to 

two small vrcmal couplmgs to P-protons From l-Q3 (Rgure 2) it can be seen that such couplmgs should occur 

for the comer a-anti proton but not for the corner a-syn proton Therefore, the band at 6 2 75 must be assigned to 

the former proton, and the band at 6 2 09 In 1418 can then be assigned to the a-syn These chemical shift 

assignments are summarized In Table 1 

The comer proton, a-Hsyn, (Rgure 2) IS more shielded than its gemmal counterpart, a-H,” (Table 1) 

These two protons m conformation 1-C have a relatlonshlp to carbonyl which IS very sun&r to that of the equatonal 

and axial a-protons m cyclohexanone Normally, axial protons on cyclohexane nngs are shielded with respect to the 

equatonal protons by about 0 5 ppm, in cyclohexanone, however, the axial protons have about the same shleldmg 

or are slightly deshlelded as compared to the equdtonal protons “Thus, the carbonyl group m cyclohexanone must 
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deshreld the axral a-proton relattve to the equatorud a-proton by about 0.5 ppm. In 1 the ants u-proton is deshrelded 

as compared to the syn u-proton by 0.66 ppm (Table 1). m a reasonable agreement wrth the cyclohexanone case As 

m cyclododecane rtse@ (Table l), the exo u-proton m 11s more shrelded (A6 = 1.15) than the endo a-proton. The 

chermcal shrft dtfference between the corner protons m 11s relattvely small (A6 = 0 66), m cyclododecane these 

protons have the same chemrcal shrft by symmetry 

From figure 3 , it can be seen that the kproton band m 1 sphts at low temperatures, but only the low field 

pomon, consrstmg of two protons, can be analyzed, even though the low field P_protons are partly superposed on 

the high field u-protons A much simpler spectrum of the low field P-protons IS given by 2,2,12,12- 

tetradeuterrocyclododecanone (1-h ) at -142oC. The deuterauon removes both the mterfermg hrgh field u-protons 

and the a-H to B-H couplmgs The low field P-protons m 1-h are a barely resolved 1 2 1 mplet (sphmng z 12 

Hz) at 6 1.93 and a barely resolved 1 1 doublet (sphttmg P 13 Hz) at 6 2 04 The mplet can be assrgned to the endo 

P-proton of the srde CH2 group (l-Q,3 m Figure 2) This proton should be at low field because it 1s m the 

deshteldmg regron of the carbonyl group and smce side endo protons are already the most deshtelded of the protons 

m the [3333] conformation of the parent hydrocarbon6 The mplet splmmg arises from the gemmal coupling 

between two p-protons and from a large vtcmal coupling to one y-proton The exo p-proton should show only small 

vlcmal couplings and should not be strongly deshrelded by the carbonyl group from tts chemtcal shrft posmon m the 

parent hydrocarbon This p-proton IS thus expected to be unresolved from the large envelope of the remote CH2 

protons 

Table 1. tH NMR chermcal shifts m cyclododecanone at low temperature 

Proton Chemical 

shrft 

Chemtcal shtft Werence 

from correspondmg proton 

ln cyclododecanea 

a-Cl42 (exe) 206 0 88 

a-CH2 (endo) 3 21 1 82 

a-CH2 (comer, syn) 2 09 081 

a-CH2 (comer, anu) 2 75 1 47 

B-CHz (endo) 193 0 54 

p-CH:! (comer, syn) 204 076 

Bchemrcal shifts m cyclododecane are 1 18 (exo) 1 39 (endo), and 1 28 (comer) 2 
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The doublet at 6 2 04 in l-4 can be assigned to the comer syn p-proton (l-&,3 m Ftgure 2), whxh 1s in a 

strongly deslueldmg regton of the CO group This proton should have only small vlcmal couplmgs to the yCH2 

protons and the doublet sphttmg undoubtedly arises from the gernmal couplmg constant. The comer anh pproton 

should have a large ncmal coupling constant to one of the ‘y-protons However, since It should not be deshielded 

by the carbonyl group, its resonance lies under those of the remote CH2 groups 
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Figure 4. Effect of the C2- and Cs-pseudorotanons on the a-protons of the [3333]-2-one conformaaon of 

cyclododecanone For clanty the posmon of only one spectfk a-proton IS shown16 
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The resonances of the four a-protons m 1 broaden above -12oOC and give rise at -92oC to a smgle broad 

band, which becomes a narrow poorly resolved trtplet (6 2.50) at stall htgher tempcraave s (Pigum 3) llreomtically, 

there should be two distinct conformatronal processes ml: The C2-pseudomtatron and the Cs-pseudorotatton as 

shown m figure 4 The bamers associated wrth these two processes are expected to be similar to the pseudorotatton 

bamer (7.3 kcal/mol) m cyclododecane 1tself2. Both pseudototatrons need to be fast for 1 to achieve tme averaged 

C2V-symmetry and thus cause the four a-resonances to merge mto a smgle chemtcal shrft Lme shape analysrs of the 

a-resonances of l-d18 at -NKPC can be fitted wrth kl and kz equal to 300 f 50 s-l and 240& 80 s-l respecavely 

(kz/kl = 0 8 f 0 2) Thus the free energres of acnvatton are vntually the same (AG# = 7.5 f 0 3 kcal/mol) for the 

two processes and thus IS 111 agreement wtth the results of the force-field calculations on 1.8~12 

The l3C NMR spectrum of 1 shows a dynamrc NMR effect at low temperatures The a-carbon aresonance 

changes from a smgle lme at -60 OX! to two resonances of equal mtensmes at -135% and the coalescence 

temperature IS -109oc The conformanonal bamcr (AG# = 7 3 kcal/mol)7 calculated from the 1% NMR spectra of 1 

corresponds well to that obtamed from the pmton spectra, and both C2- and C&-pseudorotatton processes contrrbute 

separately to the t3C dynamtc NMR effect 

The preparatton of 2,2,12,12-tctradeutenocyclododecanone (14) was accomphshed by the treatment of 

cyclododecanone wtth deutermm oxtde m the presence of sodmm bicarbonate m refluxmg &oxane? The syntheses 

of 3.3.4 4 5 5 6 6 7 7 8 8 9 9 10,10,11,11-octadecadeutenocyclododecanone (1-dl8) has previously been ,,,,.,....*9 

described 2 

The 1H NMR spectra were obtamed on super conductmg solenoid spectrometers at fiequencres of 251 and 

396 MHz The frequency for deutertum decouphng was obtamed from a General Radro frequency synthestxer and 

amphfied by a Hewlett-Packard type 230B amphficr A power of cu. 2 W was apphed to the deutermm cod which 

was sttuated on the out&e of the Dewar vessel contammg the sample The tH( D) spectra were obtamed wtth 

standard 5-mm tubes m a frequency-sweep mode A mtxture of CHCl$‘/CHClF2 (41) was used as the solvent and 

the magnenc field was locked on a 1% peak of the solvent Tetramethylsdane was employed as an internal 

standard Temperatures were measured with a copperconstantan thermocouple situated m the probe a few 

centrmeters below the sample Theorettcal hne shapes were calculated wtth a mula-ate exchange program on the 

spectrometer computer 

The proton spectra were determmed at professor Frank A L Anet’s NMR laboratory at the Umvernty of 

Cahforma at LosAngeles This work was supported m part by a grant from I(li;g Fahd Umverstty of Petroleum and 

Mmerals 
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