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Although e luge uumber of experimental values of oouplingz throw four dbondrr 8re known 

(l), rel8tlvely few data for eyolobut8ne ringe h8ve been published (2,a)j 8nd if one eon8ldere 

their e&n, only eornty example8 8re 8v8ilable (4-_),t4-16). We hrve rrtudled two series of vie- 

-dlh8lo-?,~ouz8bieyolo[z.2.ot-hept-~enee,where 811 the ohloro- 8nd most of the bromo ete- 

reiaomerm were av8ilable, togather with sozm other similar derivativea (LXI)(l7). 

Since the rs6iSnment of cle 8nd trrne orientation of protons on four-membered ringa, on the -- 

baa16 of violnol ooupllng oonatonts only, oonnot be safely mode , aogs%mted out by Willlame 

(za),we fooumed our attention on four-bond oouplina and their relation with stereoohem.Utry. 

The oomplete analysis (18) of the 6peotra in different eolvents was performed by using the 

LAOCNs oomputer program (?s)gthe sign of all ooupling oonetante were determlned by *%i&llng* 

experiments (la) snd 8z8in deduced from the ahalyela (all spectra Bpe 2 
nd 

order). The results 

reported in Tab. 1 show that the oross-couplinga ('5) 8re poeitive, when the two interacting 

protons me oie; negative, when they are trans. All the other data found in the liter.sture= - 

for four membered ring 00mpound.e sre listed in Tab.1 and 2, and 8ra oonaietent with this Se- 

neral pattern. 

The stereochemietry of ocmpounde I-IX bar been proved by both ohemlocrl (17) and npeotro- 

eoopic (la) evidenoe. The anti oonfigurstion of X h.as been deduced by oonveroion into VI on 

EC1 treatment7 ao the z otruoture follower for XIt the oomplete .znaly~~ie of ite speotrum 

HIB oarried out, and all ooupling~~ were found to be poaltive, but the aaaignment of zJ aad 
4 
J (both 611~41) la 60 fu ambiguous. For the same roanon, the values of J,7 end J2' In IX, 

being too nimilsr, cannot be unambi.guouely attributed. But this indeed will not affect the 

follozing oonoideratiolu. Ro ohange in coupling oonetant v8luea ~88 observed in a rznge of 

temperatures between +I 50~ and --80~~ and thie meane that the conformation of the ring does 

not ohange under theoe conditiona, or that intereonvereion is etill faet enough on the ISOR 

*Centro di Studio de1 C.R.R. per lo Soatznze Grganiohe xaturali. 

rzzAll the aigne, except in XXVIII, 8re deduoed from the 8nzlyf#i&L 
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Table 1 

I VII VIII 

H H 

XI 

{ 

XII 

XIII 

f 
XIV 

1, 

xv 

XVI 

XVII 

XVIII 

i 

XIX 

xx 

XXI 

B = It’= Cl 

B = R'= Br 

R = R'= COOMe 

R = R'= Cl 

B = R"= Br 

R&l, R'=OH 

4Jl.3 

trans 

-1.66 

-1.77 

-1.44 

-1.49 

-1.38 

-1.55 

4J2,4 4Jl.3 

trans cis 

-0.68 

-0.73 

-0.94 

R = R'= Cl -0.91 +2.42 

a = R'= Br -0.61 +2.48 

B = R'E Cl +2.98 

R = R*= COOMe 

R = R'= COOH 

x = X'= Cl 
B = R'= COOH 

x = X'= Cl 
B= RI= COOMe 

X = X'= Br 
R = R'= COOMe 

X i X'= Cl 
R-R' = co-o-co 

X = R = COONa 
Xl= B*= o-PhONa 

x = X'= Cl 
R = R'= COOH 

x = X'= Cl 
R = R'm CH20H 

X =R= COONa 
X*= R*= o-PhONa 

-0.57 -0.73 

all J are positive 

-0.82 +2.23 

-0.4 +2.31 

+1.3 

+1.4 

+1.2 

+1.5 

+0.6 

(4) 

(4) 

+1.3 (5) 

+1.4 (5) 

+1.2 (5) 

+1.5 (5) 

+0.6 (6) 

-1.4 -1.4 (5) 

-1.5 -1.5 (7) 

-1.1 -1.1 (6) 

4J2.4 

cis 

+1.23 

+1.21 

+1.42 

i2.13 
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"6 

R 

H4 

F 

F 

XXII 

XXIII 

XXIV 

XXV 

XXVI 

XXVII 

XXVIII 

XXIX 

xxx 

XXX1 

XXX11 

xxx111 

X=8 

R = Cl 

x=s 

R=H 

x=0 

R =H 

x = co 

R=H 

R=li 

R = Me 

IL = Cl 

4J cis 

+5.16 (J2$ 

+o .a (Jr, 1 

-0.01 (&I 

+5.9 (J3$ 

+1.1 (J,,) 

+3.11 (J1,) 

-0.48 (J,+$ 

+1.20 

+0.20 

+4.2 -2 099 02) 
+4.6 -2.8 (131 

+7.4 (J28endo) -0.25 (J ) 28exo (14) 

+1.47 

+7.40 (J H*.F) 

4J trans 

-0.93 tJ2g J,,) 

-1.07 (J161 (8) 

(1) 
0.4 or 0.6 

U32= J41) 

-0.75 (J15) 

-0.75 (J24) 

(9) 

(10) 

-0.20 

+0.14 

(11) 

(11) 

-1.35 

-0.94 

-0.94 

-2.92 (JHB,P) 

(15) 

(15) 

(15) 

(15) 

(16) 

(4) These signs, deduced from AA*B RR’ analysis, are presumed 
but the Authors don't discuss t ?I is point. 

to be positive, 
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marl.. A dimtortion of no acme thm 20. in, on oth8r imad, eqmoted, 88peoi8lly in tha moat 

hindor.dIV-IXXmaur8.A lmgrr di8tortioa 08abo uolud8dfrm8x8miaatioa of Mod.18 8M 

On th8 bUi8 Of th8 tiU88 of 'Joi8, rhiob 8hW 8 e of 2.90 H8, in Ovi8Oa r;ith 7.4 

H8 in =I rad With 8-M VtiU.8 in bloyolo[5.L+&uW8 md bioyolo~.+.zuu8 ((a). 

olu: r8nilt8 8W Qtiiktiv8b in 8@8Wat With th8 thoarotio8l mediation of Barfield 

(18,lW). !b@ 8@.8UZlt 11.8 80184 ia tbBt 'Joi 8rO aighrr thrn 'Jt_ , 8nd th8 8rr8n&8- 

lullt Of O&pOtOa i8 PPa8 Oh80 thUI the tr~l# to the w8ig-843" pith, for Which 8 m 

pO8itiv8 OOUpliII& 18 th8OretiO8lly UQOOt& ThO four boad8 ia th8 e ooaii&WatiOa 8re 

sot OOPti, urd th8 + UId +' 8a@O8 U8 W.11 bola loo*, ov8a with 8 di8tOZtiOIl of th8 

oyolobut_ rin&. On th8 other h8ad the tr_ iat8r8otion8 8ra mom aagatin th8n thaorati- 

oally oxpotod. Of oour8a 8@aon8nt with thoox!y in tha8a oouplilyr would hva baan 8urpri- 

8bg, baor_ %rfield'8 8a@u o8loul8tloa ara b88ad oaly oa tha indiraot ~%hrou& bond” 

ooatribution to ooupling, in tha 8b89aO@ of 8ny quuotitativa information about tha dlraot 

RthrOugh 8p808” ooatribution. %kI8 in tho8a 8m8.U aing8, m f8otor8 oan ba important, 

8UOh 88 tha numbor of ooupliag p8th8 whioh liak tha oouplad protoa8, the ralative arioata- 

tlon of 8ub8titwat8, 88 well 88 tha prob8b18 inora88ing ooatributSon of 8 diraot meoha- 

air, Won In rO18OlXl88 not hl&ly 8traia.d. 

The V8lu88 of long-r+aga oouplingr la oompound8 1-X 8ra in liae with the r88ult8 obt8i- 

mod by oth8r Author8 (4-9, 14-16). '&a only di8OmpWOia8 ~SI 8ign -0 I J17- -0.01 in m 

(a), 'Jtra8- +0.14 in XXVI (ll), J45- -0.46 in XIIV (lo). Coaoeraing tlw first ti tha 8~ 

ooad o88a, we mn8t point out that oouplllyr with 8uob a low ab8olute valua, obt8in8d oaly 

by tha itoratlve prooedura of snaly8i8, hava no 8igaifio8aoa. Moreover J- +0.14 18 an ave- 

ryy value for thoP8a8 ocuplillg la oxatana (XXVI), whlob ia ooa8idorad 88 rapidly flip_ 

ping. In tbi8 molaoulo two ocmplataly diffU8mt valru8 b8ve baaa publi8bod (20): -0.4 and 

+0.7 HI. It appear8 that tha datermiaatioa of moh 8m8ll oouplings in tha 00mplU SPOotrwn 

of oxet8aa roquir.8 a mora aoourata aMly818. Tha third 0888 8a8M a littla mora Si&i- 

oat, and thio nagtiva ooupllng 8bould be ooa8ldered 88 an uoaptioa to the poaitiV@ Vs- 

1US8 of 018 iateraotion8; but 'I8 mu8t t8ka into aooount tb8t, avaa la this oa80, the 8iga. - 

i8 not obtaiaod diraotly by a double ra8onaaoa l porimaat. On tha other h8ad tha infbmb- 

oa of tha hatuorrtm 8aam8 not to ba ralw8nt, 8lnoa tha other ooupli~~@ in XXIV-XXVI 

aad la oyolobutaaono (XXVII) are in agraemoat with tha general traad of poeitiva 018 aad - 

lugativo tram interaotiozu*. 

%a the 8M48i8 of tha Ipoton 8P*OtX!Um of oyolobu~ ia 8 a.mStiO 'Olymt (21) the 

valuo8 of orosc-rin& oouplingm have b8oa doduoad am Joi - +2-S and 
I?8 with an aoarraoy of f 0.7 X8. With 8uob 8~ orror tha 8!6a of 'Jtp_ 

Jtr_ - +O.s 
laoks 

w 8igaifiO8aO0, Whil8t th8t of 'Joti _ be aooaptad a8 po8itive. 



The four atereoiaomers of the ohloro serietv I, IV, VII and IX me parfiaularly inter- 

sting, because we oan observe the variation of orone-ooupling oonafants with the atere+ 

ohemietry in the came fragmenta on oyolobutane ring. The data for tha brc6ao eeriea, even 

if not oomplefe beoaune the fourth ~~KXIKJ~ wan not avallable, oonfirm thew reeulta. 

No ooherent rarlation was observed from ohloro to braag derlvatlve~, wheream 4J,s were 

always found to be higher (abeolute value) than 'Jz4. Thin oould be attributed to the 

ieoxasole oxygen subetituent effect (oompare alao oampound~ XII, XIII with XIV, XV, XIX); 

but if one takee the signa into aooount, an opposl~trend is obamd far J 
oia and J traam' 

whioh ila diffkklt to explain only with this observation. Other faotora, for lnstanoe tlu 

orientation of subetituents, oanvt be oonaidered 5n small rlngts, where ~~WDIJ are quite 

near to eaoh other. 

Reverthelees the sign of four bond oauplingm in oyolobutanes seema hi&y ofereoapb 

oifio, lauoh more aeneitive to the oiatrana aientation of the two interaotlng protons, -- 

than to the effect of eubstituenta, or to the distortion of the ring, If one exoluden 

the hi@ly strained bioyolio moleoulee. In that aa6e however the anomalous values of $.a_ 

four-bond oouplinga ie presumably positive (14,22), Buggeeting a&n that the si@~ of 

orosf+oouplinga ie etriotly oorrelated with the orientation of proton& The name trend 

is thus obaerved in oyolobutanone XXVII, in thietane XXV, and for B-b interaotion in 

xXx111. 

We oonolude'that the four-bond oouplingm aeem muoh mere suitable for studying the 

stereoohemistry of oyolobutanet6, than the usual vioinal oouplingm, whioh ahow etrong va- 

riations with small distortions, and amb%guity between the ois and trana value@. -- 

This is why we would eugseet their uee, eroept when their absolute value 10 beluw 0.6 Rs, 

in that oase the eign has no'signifioanoe; and m emphaelme onoe more that the use of 

small couplinga for etruotural purpose always needs the knowledgw of their sign. 
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