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SHORT INTRAMOLECUlAR 0H.a - ELECTRON DISTANCES 

IN RIGID POLYCYCLIC STRUCTURES 

Synthesis and IR-spectmscoplc study of tetracycb[5.3.0.0.2~5.0~4~a]dec-9-en-3~l and the 3-methyl 

derivative. 
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Abstract. Two strained bridgehead cage alcohols with a very short intramol~u&r OH...x distance, 

tetracycl0[5.3*0.0. 25.0.4g8] dec-9-en-361 and its 3methyl derivative, have been synthesized. The IR 

spectra have been &died and discussed in r&ation to the starting ketone tetracycl~5.3.0.2~5.0.0.4~~ 

dec8-en- 3-one. 

Considerable attractive OH-~oton...~-e~tron interaction on the one hand and repulsive sterii and 

oxygen-loneqair...~ forces on the other hand bad to a Position of the hydroxyl bond, practicaliy paraliel 

to the double bond, Non-bonding proton..proton interaction in the 3-methyl compound causes increased C-H 

stretching frequencies of the aikyl groups involved. The IRdata of the ketone confirms the presenca of 

non-bonding x-otital interaction and shows the CIO vibration is subject to Fermi rssonance . 

The enzymatic hydration of an isolated double bond is a known phenomenon but still not completely 

understood . The origin of the process is supposed to be induced by the presence of a hydroxyl group in 

the near vidnity of the double bond [1,2). 

Models to study intramoleaflar olefinic hydration can be found in structures where the hydmxyl group is 

forced into a positiin cbse to an isolated bond by either strong steric hindrance (11 or ring strain f3]. 

The small intramolecular distance between the OH and the double bond in such molearIes is 

attended with a consklerable OH...n interaction. 

Infrared spectroscopy has proved to be a valuable tool in the analysis of OH...% interaction (47 and in the 

determfnatbn of the orientatbn of the hydmxyl in the molecule. 

In view of the suspected involvement of the hydroxyl group in the mechanism of olefinic hydration a 

vibrational study of strained cage alcohols with a short OH...double bond distance is of particular interest 

and may enlarge the insight Into this process. 

thlpound I : tetracyclo(5.3.o.o. 25.0.4*s] dee-9-m3-one was prepared by a described procedure [s]. 

compound II : endo-tetracycb [5.3.0.9.2*5.0.4*8] dec-9-en-3-al. 

Resrwrt admss: tabomtory for Organic and Anaiytbai Chemistry, Natbnal Institute of P&tic He&h and Environmental 

Hyglllne, PO Box 1.3720 BA Biithoven, The Netherian&. 
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A solution of ketone I (0.5 g, 3.4 mmol) in ether (10 ml) was added to a suspension of LiiIH4 (0.15 g, 3.9 

mmof) in ether (50 ml). After stirring at room temp8rature for 30 min., diluted HCI 8q. was added until a neutral 

sdutbn was obtained. The ether phase was washed with H20, dried (MgS04) and concentrated to give 

alcohol II as a white soiii (96%). Rectystatlizatbn from hexan or subiimation h vacua gave anaiytiiily pure ii , 
m.p. 130-1330 (closed capillar). 6 fCC14) 1.65 (s, 2H, Hs, Hs), 2.2-2.7 (m, 5H, cage protons), 3.0 (s, IH, 

cage proton), 3.4 (s, lH, OH), 3.9 (s, lH, Ha), 6.4 (s, HQ Hi@; m/e: 146.0888. Caic. for C10H120 : 

146.0894 (found: C, 79.5; H, 8.f% ; ClOH120 requires’: C, 81.04; H, 8.16%). 

Compound Ill : exo3-methyl tetracycio [5.3.0.0.2*5.0.498] dec-9-en-3-o{. 

To a stirred solution of I (O,15 g., 1 mmol) in ether (10 ml) at -78OC, was added MeLl(l.55 M in ethet, 2 ml, 3.1 

mmol). After stir&g for 0.5 h at -78”, the solution was sbwly warmed up to room temperature, concentrated 

NaHC03 aq. was added, the organic phase s8paratsd and the weter lay8r extracted with ether. The organic 

layers were dried (MgSO4) and conc8ntrat8d to give aloohol Ill as an oil (75%). Purification by destlilatbn in 

vacua increased the purity to 9%. GLC showed thfs alcohol to be contaminated wlth a minor amount of the 

starting ketone 1. 6 (CD+) 1.3 (s, 3H, CH3), 1.6 (s, 2H, Hs, H69,2.4-3.1 (m. 6H, cage protons), 5.1 (s, lH, 

OH), 6.6 (s, 2H, H9, Hoof; m/e: 162.1046; c&c. for Cl lH140 : 162.1045. 

Vapour phase : heatabfe gold-coated gas cell 100° C, KBr windows pathlength 10 cm, Solid state: KBr pellet 

0 13 mm. l-quid phase: neat film between NaCi-windows. Sotutions: 0.2 mm NaCl cells. Separately the 

OH-stretching region was mcorded in dilute solutiin (Ccl4 and CS2) In 10 mm “infrasilf” cells. 

Spectra were recorded on a Pa&in-Elmer model 1710 f FT-IR ) connected to a Perkin-Elmer 3600 data 

Station. Rescdutbn 1 .O cm-l, accuracy 1 .O cm”. 

Energy minimizatbns were car&d out using Allinger’s MMPP program based on QCPE 395 and QCPE 400 

(TRIBBLE version). W&ten by Y,H. Yuh; updated by DC. Rohrer (1964). The programs were run using 

CHEMX (Chemkal Design Ltd., Oxford, U.K.) as installed at the CAOSICAMM Center, University of 

Nijmegen, The Netherlands. 

RESULTS AND DiSCUSSiON 

The geometrical structures of the ketone I and the afcohofs II and III, calculated by means of MM2, are shown 

in Fig.1 and the vapour phase IR spectra alit presented in Fii.2. The observed frequencfes am summarized 

in Table 1. 

. * 
The C-H vrbrm 

As can be seen from Figure f the molecular structur8 of the compounds is to a large extent the same. The 

frequencies of the corresponding -CH2- and six -C-H groups should be almost identical in consequence. 

In the C-H stretching region the complex band in the vapour phase spectra at 2999-2940 cm*’ is asslgnsd 

to a summatlon of the overfapplng -C-H stretching and the asymmetrfc -CH2- stretching v&rations, and the 

2874 and 2870 cm” peaks to the symmetric -CHZ_ stretching mode . 
As can be seen from T&J8 1 some of the -C-H stretchfng frequencies of the aioohois are slightfy lower 

than those of the parent ketone which points to a (~~~al~) decreased rfng strain in the former (91. 

In the vapour phase the band maxima at 3019 cm-land 2955 cm-l are assigned to the asymmetrical and 

symmetrical CH3-stretching vibration respecthreiy for the following reasons: 

(0 both are absent in the spectra of I and II, 
(ii) the frequency of vs CH3 is usually 50-60 cm*’ bwer than that of vas CH3 [lo], 

(iii) would the 2955 cm” peak originate from vas, then vs shouki have been found at about 2900 cm“ + 

Indeed the frequencies 3019 and 2955 cm’lar8 rather hlgh but can be expialned, referring to the literature 

[9,11,12] , by a non-bonding interactbn of the methyl- and the opposing -C-H proton as resuit of a short 

intramolecular H...H distance . The MM2 cakxrtated distance of 2.18 A endorses this explanatbn. The 

stretching frequency of th8 opposing -C-H group will be increased for the same neason and therefore the 
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peak at vapwr pha8a frequency af 2975 cm*l ,whi& is absent In tt spe&um of II, is assm acxx>tingty. 
In the bending regkn the 4X-f~ SCksCr d8fUmWtkrr i6 BIsdgfwd to the bands LWWt’Kf 1450 Cm-l and the 

4x-f bwdklgs to the ma&a 4wound 1335 Cm--f * 

Aaxxding to the vibratkwl anafysia of cyckrbutanol by D&g and Green 1131, the o&-H in plane 

d~u~b~ i&sorbs fn the ~iamfk mgfan which exphins the presence af 8 s8cxmd peak in the spstwm of II. 

The same study revealed the a&-H out-of-plane at about §Z? cmwl. In the vapor phase sgcsbrum of the 

secondary almhoi no peak is dbmaMe h this mgbn. However kr CC14 solutbn a weak band is presant at 

930 cm-l which we assign ta thk handing vibratkn. 

The peak at 1383 a-N1 h the tR -turn of the terttary akz3tKIt ftl la gssigned to thr, chawterktb 

symmetric CH3 defamation. 
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Referrkrg to &B&my [6] the c-c 3tmtcMg f8%quanqr of %ndcxycb fhubk? bond3 fak on increasing ring 
strahrandonhrsknw#fraddilbnat;tfrrga,pr;edam~tyduetothefrrcreasedpctratacterdt~ 

carh%-o~%fth%r(ngwh%r%asv,~* aften lIWWs%s as th% obfbic prQt%ns take pmpWtbn%lfy 

~~~~*~~t~~~~c~~ (1576 and 1679 cm”) cxmffrm a 

~~~ ring strain in aft m%t+art%s but the fr%qWncy shifts uf the c=c and &H atmtm ~~~t~~ 
seem contradbtory ln detennfnlrrg whbh m&aifie hssth% targferst ring strain. On the one hand the C& 

fr%qu%ncy of the ketone 8s 6 cm-’ hQh%r than thus% of th% abohofs thus pobtin9 to a smaller strain in the 

f%rm%r, on th% other hand the &-t-l str%t%htn9 fmquencbs of the alaWls are decreased thus Indk&ng the 

opposlt0. 

The MM2cabulated mob%&r %netgi%s ais% suggest ketqne f tu be stmwwhat mm retaxed f 67.4 

Kcakde against 69.5 Kc&m& for 06~1.M It and 72.3 Kcai/mc& for III). But, # must be noted that (i) the 

caMat%d dmerenOe6 ate too small to be &&iv%, and {ii) th%s% %n%tgi%s c%W!t for the ~t0 molecUl% 

while the uhs%r~%d frequency shtfts reptesent local diff%renc%s In ring strain. 

A dscnxtsed C-C frequency In the atc&ols as result of Intramobcular 0f-L.x; Interaction is rejected as such 

effect is presumed to be very small f§]. 

~w%v%r~ as rewrntly has b%%n ~~r~%d ftYt the sfmtfai ~~~~~ of the obfinb and the cartxrnyl 

It-system in th% ketone, is attended with a consid%rabl% orbital lnt%ractbn obvbu~ this interaction alsa 

aff%cts the C& (and Clo) vbratbn , and then&r% th% higher C-C fmqusncy In the ketone may as well be 

ttre result of this bteractbn and not uf a smalt%r rin9 strain, 

Th% ~ar%~ aff%et%d GO str%t~~~ v0ratbn agr%%s with this . Due to the lack of vap%ur @as% C=O 

referencas s&rtbndata had to be used. The bdivbual gas phase hand (1796 cm-l) appears to be a 

solvent sensitive do&M in solutbn (band maxima in CCl4 : 1794 and 1769 cm-l). 

Refening to BaItamy and Wiltiims [Is] the solv%nt s%~~~ af the ~nt%~~ rtib and th% fmquencies, paint 

to Fermi r%s%nanc%. only the bwer frsqusncy band showed th% riEylular shift and pattern of carbanyt 

compounds fl5] (see Tabb 2) and so we conclud% that this one I6 the C-O fundamental and that the high 

frequency cumponent is tha r%sult of Fermi r%sonanc%. 

gas 1796 

hexan% 1794 1777 3 17 

cc!, 4794 $769 7 25 

-2 1793 1766 6 25 

CH3CN 1795 1762 14 33 

m Sdvent sens&iiity in th% GO str%tchlng regbn; vVt and v2 ar% the handmaxima, AI/A2 is the 

intensity ratb difference and wavenumber diierence as msult of Fermi r%sonance. Dlm%nsbns in cm-t 

%xc.%pt AI/A2 which is dimensbnbss. 

Th% 3796 cW1 value is bw for a fused cycbhutanane [r6] and the Weas% can only to a smatf extant be 

attrlbut%d tq a smaM%r ring strain or to th% effect of Fend r%sonan~%. Thus anoth%r factor aIs% decreases the 

G-0 fr%qu%w + in wr opbbn the earlier m%ntbn%d ~~~&ftal bt%racfbn . 

LIttIe b known about the -C-H cx&&pbn% vllxatbn of this typ% of chub!% band. Potts and Nyquist fi7j 

reported the abssnc% of this mod% in msny sfxxtra of cisdouhle bond compouncfs b%caus% of a small 

chan$ng of th% dipole moment. Ihe weak band(s) In th% region around 700 cNi most likely originate fmm 

this fundamental. 

~~~~~1~24~*‘~~~~~~~~ Bo[xHd8Rbe with W vibmtbnal 

anatysis of ~l[13], to 98% GO StfrcttcMno vbratbn. fn twtby i8kahuh Ws ~~~ usually 
kmmse$ in frequency and d%cr%as%s in Intensity and for that mason the 1349 cm-l band in the spectrum 

OflU Is~tothi6~. 

The C-0 bmdfng vbratbns are faund tn the regbn 7Uo-400 cm*’ hut th%s% have not been studbd, 
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. me 0-H vihratlons. 

The Olideformation Is often stmn@y coupled wHh the C-0 stretching vibratin and thus less suitable to 

study the orientatbn of the hydroxyl. 

The OH stretching vsbratbn however has proved to be a senettfve probe for kx#l molecular lnteractbns 

[4-f] and a useful tool to determine the position of the OH ln the molecule. Would there be no ring stratn 

effects nor any sterlc and eiectrlc interactbns then two dtfferent OH-posftions can be dlscemed (Figure 3); 

(a) staggered with respect to the a- C-H (11) or or- C-Cl-$ ax& (III) andlot’ 

(b) 120° rotated 

Taking kto acccunt van der Waals and Coubmb ktteractbns, the MM2 program calculates two other 

positions ; 
(c) anti to the double bond {Fire 3c) as the most fevoumble for both II and Ill, (molecular energies 69.5 

KcaVmole and 72.3 KcaYmote respectively), and 

(d) virtuatly parallel to the C-C (Fgure 4d) as a local minimum ( energy 71.1 K&mole for II and 73.1 

KcaVmole for IIt]. 

C 

m Newman projection of the possibfe OH-positbns in endo-tetracycio [5.3.0.0?*5.0.4*a] 

dec-9-en-3-ol and exe-3-methyl tetracycb [5.3.0.0.2g5,0.4B8] dec-9 -en-3al (a,b,c,d) and the OH-orientation 

In notbomadienol-7 (e). 

The bandshape, the symmetry and the ha~a~i~h of the observed OH-stretching band of fl and II, in the 

vapour phase as well as in sohrtiin cleatiy point to the presence of only one OH-position. The observed 

OH-streching frequencies of 3698 and 3589 cm” ( CC&obtbn) are cfearfy decreased compared to the 

data of saturated cycbbutanols (a range of 3625.536150 cm-l for primary, secondary and tertiary 

compounds [18] ) whereas the intensities of 34.1 (alcohol II) and 42.0 km&no1 (alcohol Ill) are considerably 

increased (13.7-i7.8 kmhnol for saturated cycbbutanols [18].f. This definlely indicates that OH...x 

interactbn is Involved and thus excludes the positbns (bf and {c). This is endorsed by the very small sotvent 

induced frequency shii vd(‘&Cf4-%Cs2) of 1 .O cm*‘(ll) and 0 cm*’ (Ill) 141, and also by the OH-band in the 

spectra of the pure samples which is to a large extent “free” and not intennoleaftariy b&iged . 
Both point to an orientation where the OH is shielded from intermolecular interactions by its local 

environment i.e. positions (a) or(d). 

MM2-calculatbns on the ccnformets (a) and (d) reveal a substantM!y hgher molecuiar energy for (a) (alcohol II 

: 78.5 KcaVmole, alcohol III : 82.7 Kcatlmole) and an extremely short distance between the hydroxyl proton 

and the double bond C-atoms (aloohol II : I.866 A, akxhd Ill : 1.817 A ) making positiin (a) highly 

improbable therefore. 

Thii is endorsed by the OH-frequencies of 3639 cm*’ (ak%hol II) and 3632 an”’ (Ill} which are dramatically 

higher than for norbomadien-7sl (frequency 3686.5 cm-‘[19]) and the unsaturated potycyctic alcohol as 

described by Ganter et al [31 (frequency 3555 mm1 ). In the latter the OH is in a position as drawn in Figure 

30, comparable to positbn (a) but with a larger OH-proton...% distance. However in these molecules the 

considerabfy decreased OH-frequencies confirm the presence of strong OH...n interaction. 

All together we con&de that the OH is not in position (a) but In (d) or one very much alike. 

The precise position of the hydroxyl bond (exadty parallel to C-C or stghtly rotated) Is diffiift to define as 

the effect of the CH...IC interaction on the OH-vibration depends on the angle C-H...lt and the distrtbutbn of 

the negative charge over the double bond. Therefom we pmpose that the O-H bond In the akx>hols II and Ill 

is oriented either parailel to the C-C; axis, or slghtty twisted in that dlrectbn. 
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CONCLUSIONS 

Summarfzing the reeufts for these strained cage alceheb we ccndude: 

(i) a censidefabie ring strain Is present in afi cumpcuruis, 

(ii tb ring strain in the ketene is somewhat larger than hr the ccnespcndlng abahols , 
[iii) the ~n-~~ rcsrbitai fnteractkn in the ketone b cunftmwd by the Et-spectrcscupic data, 

(iv) the C-0 stretchkyl band in the ketone is subject to Fermi resonance, 

(v) a u3nstderW non-bwdfng ~r~to~...~r~t~~ ~~e~~~ In aicolwl Ill causes an frwease of the G-H 

stretching frequencies cf the -CH3 and -C-H groups Involved, 

{vi} the position of the 0-l ln the alcohols ll and Itf is almust parallel to the dwbla bond. 
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