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Abs&act-The \tcrcoqxcifit)- of “C-T coupling\ ts investigated u-trh ?O aitz!-clti: compound\. One bond 

coupltngx rangmg from 168 to ?14Hz. can be represented a\ a funcrton of the corrcyxwtding “C-H couplmg 

conttantt. For comparrson ‘C-‘H couplings arc determined for nor~rn~~ and adamantant and md~cate 

considerable I character at the bndgchead C-H bond of the latter compound. One bond and gcminal coupling\ 

(ranptng from 1X to ?d Hrf arc found to depend not significantit on ~hc \terlc environment. Wtth vcinal couplings a 

strong dcpcndencc ir estahbshcd on rorwnal angles. which i\ fitted IO ;I Karpiu\ function. ‘r)p~;d baluc\ for 

(‘NT frun~ amngcmcnls UC around 10 Hz. for guuchr angle\ less than I.! HI. Srcmal coupling\ arc suhslanldly 

alwcd hy clcctroncgawc wbsrituenrs and by hyhridilarion chanpc5 of partlclpatmp cartwn atom\ The ‘I values 

ohwvcd wrh cytloalkylfluor~dcs are mwpreted on the baw of model pomctrw for the corrcrpondinp 

hydrocarbon\. ‘fhe influence of solvent and lcmpcrsrurc changes ic rc\Irrctcd IO one twnd couplings. “F shlfrs m 

cyclohcxanc dcrivatwc5 are constantly at higher field for at~al fluorine (h) ,,?Oppm). bur othcrwse lhcrc 1% no 

significant relatwn to rhc oricntauon of nctghbourmp ho&. nor IO “C’ \hifrt of rhc (‘o-F carbon atom\ or IO lhc 
concqxwtdrng one hmd cauplmps. 

The evaluation of molecular siructures by “t’ NMR 

spectroscopy has pred(~minantiy rested on chemical shift 

arguments: Although examples for stereospecific vicinal 
“f‘CC”F eoupiin~s were known as early as IWO, their 

relation to torsional angles of participating bonds has not 

ye-1 been investigated. The potential of vi&al couplings 
is illustrated wi1h camphene hydrofluoride 11 (Scheme 1). 
where five constants are available relating directly to the 

geomelry of lhe molecule. 
One bond and Reminul couplings. For a number of 

aromatic compounds “C-‘sF couplings have been des- 

cribed hy the Fermi con1ac1 mechanism.““ Although 
other interactions have IO bc included.-’ there is 

evidence for an increase of ‘Jlt, ,% couplings, notably 
bearing a negative sign, with increasing s charac1er of 

the C-F bonds.’ Since the reported ‘Jt4,+ values for 
I-~ul~ro-adaman~ne (186 Hrf’ and for ho-2-fluoro-nor- 

bornane (182Hx)“’ are unusually large, we have for 
comparison measured the corresponding “C-‘H coup 

lings in the ‘H-gated decoupled “C spectra. The observed 

‘J ,, ,” values (Scheme I) in fact indicate a substantial 

distortion of the bond angJes at the bridgehead of 
adamantanc (no1 so al C?). Similarly. an increased s 

character in the (‘2-H and U-H bonds of norbornanc is 
seen. although only an average value for the endo and 
exe (‘2-H posilron could be obtained. If one includes rhe 

known “C.-H couplrngs of other cycloalkanef a core 

relation between ‘J,L ,% and ‘I,, ,* is ohserved (Fig. I). 
‘The deviation observed for ~u~)r~ycl(~butane is not 
unexpected. since orbital terms have been shown fo 
c~~ntribute ~igni~cantly to CF couplings of larger mag- 
nitude.* Stereochemical assi~ments on the hasis of one 
bond couplings do not seem to be feasible. Although in 
compounds 1, 2. 5. 6 and 7 (Scheme 1) the couplings 
with anull oriented fluorine are 5 Hz smaller than with 
equatorial tluorines. thcsc differences disappear in the 

tcr1iary compounds 3 and 4. 
The observed geminal couplings (Scheme I) do not 

show a significant dependence on s1ereochemistry and on 
clcctronegativi1y of additional substi1uents. Their con- 

slant values make them useful for “C line assignments. 
particularly in mtUrdl products such as steroids. 

Vicinal ~~~u~i;n~s and cy~~f~ai~ane ~~~n~f~~afi~)ns. The 
vicinal couplings observed for the conformatio~~lly fixed 

compounds f-11 (Scheme I) can be represented as a 

function of the torsional angle 8 around the CM3 bond. 
Some values for torsional angles near IO W and loo’. 

which arc difficult IO realile in other model compounds 

were obtained from l?a-fluorestcr~4~enc 12. Al1hough 
the D ring geometry is flextble. the possible vicinal angles 
for the known conformational alternatives’ do not differ 
subs1antially and are cs1ima1ed as follows: for Cl5 as 

loo” in the fwist conformation (95” in 1he envelope 
forms): for Cl4 as 7Ytxo”); for Cl2 as 3tPt3%. The 22 

experimental values (Scheme 1) together with 7 ad- 

ditional litera1ure” “’ data for ‘J can be firted to a 

~~~rplu~-functi~)n ‘J - I I.0 co\.’ B (Fig. 2); the corresmtn- 
ding curve obtained by least square treatment of the data 
prcdic1s the vicinal couplings wi1h a standard deviation 

of *_ I.6 Hr (r = 0.937). In view of the scatter of points rhe 

fit IO a IWO 1erm equation does not seem 10 be war- 

ranted. The empirical nature of the correlation should be 
emphasized. particularly since the sign of the couphngs 

is not known. The calculation of torsional angles from 
vtcmal couplings is hampered as m 1hc case of the 

corresponding HH couplings’ by 1he strong 
influence of the electroncgativi1y of additional sub- 
srituenls tcompare 8 and 9. Scheme I) and of the 

hybridization of interacting bonds. This is clearly seen in 
the abnormal value of ‘J L I9 Hz for cyclobutane. for 
which the torsional angle must be ioO-130”.‘” 

The other flu~~r~ycl~~~nes M-18 contain less severe 
deviations from normal sp’ states and their vicinal 
couplings can he analyzed in terms of known model 
geometries of the corresponding cycloalkane confor- 

mations. Only with cyclohexvl tluortde could coupling 
constanls be omained for individual conformers “(1.2); 
the other fluorocycloalkanes cqudihrate IW fas1 a~ the 
“C-NYR rime scale even at loo”. For those com- 
pounds, 13-18. torsional angles 6 for each possible flu- 

17b9 



6* 7* 

‘J * 166.2 
*J * 20.6 
‘J*59 

12 

.Sckmt t. “CL-?‘ and ‘“C-‘H cuupling con%mr5. 

“In [Ha]: couplings not denorcd are below spectrometer rtrolution t ..l.S Hz). SiKnah tabelcd’ overlap with 
other “C signals. “f spcc~ra were measured 31 uM+- IOK, XL40% solution in CWI,. except in the foiio=iog 
CPKS: “180 K. !EX CFCI,: ~20%. CI‘W,: alE?; ‘?!O K. _Yn,, CM,; ‘20%. CfU,: l llY7; in (‘LX’I,/(‘,H. (I/?): ‘50%. 

(‘IN, (measured by F.. Weigand). 

orine position wer_c estimated from t~eiding models and 
an average value 8 obtained from the summation over all 
single 8 values. In view of the very similar stcric 
requirements of fluorine and hydrogen pseudoaxial as 
well as pseudoequatorial positions were taken into ac- 
count. 

For the twist half chair geometry of cyclopentane” an 
equally dis~~buled ~puIation of ~uorine in pseudo- 
equatorial positions would yield an average value of 
r$ = 145”. for pseudoaxial positions 8, = 95”; the cor- 
responding average angles in the envelope confor- 
mation” are & = ISOC, & = 90”. The observed value of ‘J 
1.5 HE suggests subslantial ~puiations of pseudo-u 
besides pseudo-e positions. 

Cycloheptanc is considered in the twist chair form ‘TC 
as well as in the twist boat conformation TH.” Pseudo-e 
sobstitu(ion including an isoclinal site at Cl in TC woufd 
lead to 6, = 1500. in TH to 8, I~ 14_50: the corresponding 
values for pseudo-o positions arc 8. = 65” (1‘3) and 6, = 
96’ (TC). The large coupling of ‘J = X.X Hz would predict 
average angles ahove 150”. as occurring in pseudo-e 
educations of the more stable IV’ nonformation. 

The most probable conformation of cyclooctane is a 
boat chair form BC” with & = ISO” and 8, -gO-Qo”. 
Energetically close comes a chair chair conformation CC 
with & = ISff and 8, - 20”. The observed ‘J = 8.9 Hz is 
compatible with these conformalions exccp~ dominant 

pseudo-a populations in CC. 





excluding any dominant common shift mechanism. The 
‘*F shi&&gs drt not depend signrficantly an the cw- 
responding ‘f ,, IpI couplings and hence bond order 
changes. Gcminal ‘HPF couplings as well as ‘H, shifts 

Gable t) show no stereochemically usahlc wends. 

.V.tfR qx~~scop,~ “C cpcc~tr were oh1aincd at 2.63 MHz in 

PFI mtdc usmg a Rrukcr HX!N/Nicolc~ loa spcc~romc~cr a~ 
clpandcd sweep width concrplndin~ IO 0.03 ppm digital rcsnlu. 

lion ‘The same cquipmenl was u.*d for measunng “F rpcclra al 
M.67 Mff? ‘H xpcclra a1 6OMtir were recorded on Ovarian 
in\trumtnts A60 and EM MO. 

f - %MC~ - 1 _ mefhyl . 4 1 I . ~uf~i~~~l~~~~~f 3.4. .k mixturc 
of I - merhyi - 4 . I . hu~ylcyriohcre& C.5p. O.O!riml) ami 
5Oml (‘M‘t, was stirred at -80°C with three %ucccssivc O.?p 

F)rtions condensed hydrogen flu&& under anhydrous con- 

drtions After 3 h a~ W the minlurc was hroughr IO room 1emp. 

durmg 5 h. poured on ICC. neuMrzcd wl1h NaHCO, \olution and 
dried tMgS0.) Since the Ruoridcc decomposed durmp an a~. 

tempted dc\ldlallon. the products were dircclly inves1iga1ed h) 
NMK after evaporalmn uf Ihi? sulvcnl The re+Juc (6.2 g. 72%) 
contamed 88% 3 and I% 4 (hy “C NMKI and less than 3% oktin 

(h) ‘If NMR) 

Ancmpwd pnporarion o/ 3a .Puort)l.h~tlesr-c-enc and ob. 
senafion of h~~~uon~~.ta.~rr~ryc/~~ho/rrfone Stncc Ihc rcaclion 

of Ib<holc\rcryl ~os)la~e ulfh ~clr~rrhylammoruum fluoride in 
ac‘clonc ~leldcd no product aflrr 3 days. IIVC cxxurrcncc of ~hc 

o.eplmer during lhc prepYa1ion of 7 was investlgatcd \pcc* 
iro\copicall! IOmin aflcr AgF addman one obervcd besides 
\ipn;rls of rhc accumulalmg 7 an addi1itrnal ‘H Sh(K douhlc1 a1 

4.1 ppm f’J,,. , 48 HI. W, : MHz) and small signals a1 0% 

0 7 ppm Further “C MfK signal\ L~I 1?.46. I? 16 and 96 00 (‘I, ,, 
16bgHz) ppm Indicated the intermedtalt formation of the 

c)ctoxrerotd, uhrch ix slowly cunvcrtd tn the m@rt stable 7. 
~~~~~e~e ~~d~~~~~~~~d~ It.” 17 25 (0.1 tnoll campbent in 

i@lml CR’& &rr &red at W fur Ih u&t t?g I@.ldmnlk 

hpkopcn t&ride. .411tr the strne work up at ftz 3 and 4 the 
pr&xt ual immediately mvcstiptcd 81 % 205(‘ ht “(‘ &‘1LIK; the 

fluoride decomposes rrpidl) if not worked up dnd \rorcd ovcf 
Ca(‘0, and 11 petrol clhcr Or higher lcmpcralurc wa\ uud in the 
prcparalion. 

I’o.~7uon,rsrer.Jpnc I?. L! fi (4 W mm011 lo\~latc. ohiamed 

from 1’8.h~dro~yc\lr4-cnc” and to\ylchloridc m p)ridinc. wcrc 

stirred for 3.C h a~ 100°C with dry ~c~rc~hylrmmontum fluordr 
tXg~ rn 4Uml N~mcth~lp)nolidunc?. The product f&I% reacllon 
hy ‘H Ir;%fIt~ ~‘a\ chromatogrrphcd on nhimina. elutmg wtth ?V 

bcnerne m hgrom. IOOmp 12 were ohiaincd free from other 
nkfrrus producrs 

~-Hn,m~~~,puot~~r~rf(~t.fu~e. S~Hromoacc~am~dc (42g. 0 3 nrol) 
w:t\ mlxcd ullh Vlml Irquid HF in l2.C ml clhcr al 70x : 
C~CIKMMZIC~C (2-g. 0.25 mol) in 75 ml ether was added dropwlw. 
‘The mtrture ua\ \urrtd for I4 h irl 7O’C. hrouphr to room temp. 
for 2 h and ap~m IO ?rPC hcfcrrc pouring on ICC. AfIer nE(J. 

drl;nuM,/edgemmr-Supprr hy [he Dcutschc fbrxhunpv 

pcmcmxhafl and lhc Fends dcr Chemlschcn Indusrric I\ grarc~ 
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