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Abtrnct.-me, PNR qmxra of four 68.1 ta-dihydro&H-bcnmfumuro13Jcl [Impyran derivatives 
h2m been tiyuxt. Tha confofmation of the hcterwyclic rings has bbtn derived from the vic+al 
CoupIing cwstattts. SweraJ lon&mtge couptiqs bnva beett &mewed. The axtpbg MJlstatJtr 
across four saturated bonds UY e~mpered with othct t~portcd values and tbbontical c&u&ions, 

INTRODUCTION 

Tm ptefcxxfpans are 8 gr5up of aaturalIy occurring heterocyclics having a da, 1 la- 
dihydro&H-beuzofurobnzopyran nucleus (I). The isolation of fourteen such com- 
pounds from nature has heen described .I-’ The compounds have two asymmetric 
centres and although it is possible to construct a D&ding model with a @mu junction, 
this is evidently a highly strained system and the relativeiy unstrained ctf junction is 
considered more likely. Suginomelo has concluded that the relative configuration of 
these centres in homopterocarpin (II) is H,H cir after applying the Karplus equationn 
relating the dihedral angle between two protons and their PMR coupling constant. 
However, this evidence is doubtful as the actual coupling constant may diI&r con- 
siderably from the splitting of the 1 la-proton resonance used by Suginome. The 
absolute configurationU of C,,, in trifofirhizin (III) has recently been established as 
RpU and if the c&r ~latio~hip is acqted, the absolute caption of this compound 
is neceSSBfity 6a,R: 1 la,R, As trifolirhizin can be hydrolyzed to (-)demethylptero- 
carpin (IV) and this in turn converted into (-_tpterocarpin (V),‘ the absolute con- 
figuration of these three compounds is established. Of the eleven other representatives 

’ A. McGookin, A. R&rtsott and W. IL Wludley, J. C%m. Sot. 787 (tP40). 
n W, Cocker, T. Dal& C Dempsey md T. 8. H. McMurry, f, C&m see. 4906 (1%2). 
* S, Shibata and Y. Ni&ikawa, Chon. &Phumt. Bufi. 11,167 (1963). 
’ J. &son Brcdcobcrg snd P. K. Ii&ala, Acru Chtm. .Scand. IS, 696,936 (1961). 
b D. R Pwrin and W. Bmxnky,~~ Am. Cbem. Sot. acr, 1919 (i%2)_ 
* B. L watt Dltumn,t: c&g* chn w, so13 (1962). 
v D. R Purr& Temhe&ws &tlers 29 (1%4). 
a C. v. d. M. Bri& W. Nel, 0. J. R Rail, J. C. Weitz mnd K. G. R hchlcr,J. S, A~&wI ckm. ht. 

19.24 (1966). 
* S. H. %qxr, A. De Kemp and W. G. FL Umkrwwd, &‘&em. Conar. 3@ (1965). 

j* H. Suginome and T. Iwadarc, Qxn@ufh XVIII. I63 (IP62). 
1’ hi. Katplus, /. CIvm. Pllys. 30, 11 (19%). 
I* R, S. caho. C. K. Ingold and V. Frclog, Eqmimio, XII, 81 (1956). 
u S. Ito. Y. Fujim ad A. MO& C.bem. CAM- 595 (IPdS). 
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of this class, nine have high negative optical rotation and so in all probability have 
the same R:R configuration, whereas the remaining two, (+)-sophojaponicins and 
(+>pisatin6 should have an S : S configuration. The conformation of the pterocarpans 
has not been studied although in order to explain the splitting of the signal due to the 
lone proton at Cri, in the PMR spectrum of pisatin (VI), Perrin and Perrin” have 
concluded that the pyran ring can exist in two energetically similar conformations. 

Ro. 1 

I: RI-RI-R.-R.-H. 
II: R, - OMc, R, - Ra - H, R, - OMe. 

III: R, - O-glucose, R, - H, R1 -t R, - O-CH,-G. 
IV: RI - OH, R, - H. R, 1- R, - O--CH&. 
V: R, - OMe. R, - H. R, + R, - O-CH.4). 

VI: R, - OMe. R, - OH, R, + R, - uH.43. 
VII: R,-OAc,R,-R,-H,R,-OMc. 

VIII: RI - OAc. R, - H, R, i & - O-CH,-O. 

EXPERIMENTAL 

The NMR spectra wcm mcordal on a Variao A-60 spectrometer usiog dilute solutions in CDCI, 
(5s mok %) with TMS as internal mfercncc at a probe tanp of approximately 320. The data for tbc 
analysis of the hetmxyclic ring protons were averages from at least 5 recording on l o qmodcd 
scak (2 c/van) calibrated by the usual sideband method. ** The chemical shihs am quoted 00 the 
~-scale (rrna I l@O). They aro estimated to be in orror by not mom than f(H)1 ppm. The coupling 
constants should be accurate to within 3~0.2 c/s. Spectra at a fraqucncy of 100 MC/~ wcm recorded on 
a Varian HA-100 spacvomcter with internal proton stabilizatioo (TMS) at a probe tcmp of 3(r. 
Spin decoupling experiments wcm performed in the frequency sweep mode.” A Hcwktt-Packard 
audio oscillator (230 CD) and Hewktt-Packard electronic counters (521C or SSIZA) wcm wed to 
check the calibration of the spectrometer, to impose sidcbaods on the spaztra, and for spin decoupling 
cxpcrimcnts. 

The analyses of complex spectra have ban performed on an IBM 704 computer. Dii ABG 
analyses wcm carried out with a computer programmc written according to the principks outlinai 
by BtOgtl CI of.” An iterative computer programmc CNMRIT) was used for the analysis of the four- 
rpin systems and energy levels wcm calculated with the progmmmc NMREN.” 

Tbo isolation, puriBcatioo and idontiBcation of the compounds, w coMtitucnta of 
Swarrzia m3dcpgarwlm& Dcsv. have bxn reported elsewhere.** 

ASSIGNMENT AND ANALYSIS 

The NMR spectra of four pterocarpan derivatives of known structu# have been 
recorded (Fig. 1: II, V, VII, VIII). 

Fig. 2 shows a 60 MC/S spectrum of a saturated solution of Compound V in CDCl,. 
The assignment of the methoxy and acetoxy resonances was straightforward by 

I4 D. D. Pcrrin and D. R Pcnin. 1. Am. Glum. Sot. 84, 1922 (1962). 
u J. T. Arnold and M. E. P0dtard.I. Glum. Phys. 19, 1608 (19Sl). 
I’ R. Freeman and D. H. Whiffen. /‘rec. Phys. Se. 79.794 (1962). 
I’ W. Brtlgct, Th. Ankel and F. Krtlckebcrg. 2. &lckrroehem. 64, 1121 (1960). 
i’ J. D. Swakn and C. A. Reilly, J. Chem. Phyf. 37. 21 (1962). 
i@ S. H. Harper, A D. Kemp and W. G. E. Underwood, Chem. & Jnd. S62 (1965). 
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comparison with other reported chemical shift data.m*p The methylenedioxy groups 
exhibited narrow ABquartets at characteristic ~-values (4.1). The aromatic protons 
in positions I,2 and 4 (Fig. 1) gave rise to an ABC-type three-spin spcctrun~ Those 
on the other aromatic ring showed either single resonance lines for compounds V 
and VIII, or constituted a second ABC-pattern for compounds II and VII. These 
three-spin spectra have been analyzed on a tirst order basis only. Comparison with 
three spectra analyzd with the ABC computer programme mentioned in the cxpcri- 
mental section proved that the error in the chemical shifts is less than @Ol ppm. The 

b 
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FKL 2. 60 MC/~ NMR spa&uxn of compound V in chloroform-d. 

assignment of these proton resonances has been achieved by comparison with 
previously reported data on related compoundP and utilizing known values of 
substituent effects on chemical shiftP as well as the characteristic magnitudes of the 
aromatic proton-proton splittings. These data are collected in Table 1. 

The heterocyclic ring protons gave rise to a highly complex four-spin system due 
to strong coupling between the two protons at highest field (J/b N 1). Even an 
approximate assignment of the spectra obtained from chloroform solutions was not 
possible on a first order basis. Preferential solvent shifts in benzene solution, however, 
lead to much simpler spectra, the analysis of which yielded a trial set of coupling 
constants and chemical shifts. It is well known that coupling constants are usually 
much less solventdependent than chemical shifts. Thus we calculated a number of 
theoretical spectra using the set of coupling constants obtained from the spectrum 
of the benzene solution varying the chemical shifts only. Those parameters yielding 
best agreement between the theoretical and the observed spectrum of the chloroform 
solution were then used to assign the approximately 30 resolved transitions for each 
of the four compounds studied by a trial and error procedure employing the computer 
programme NMREN. The energy levels thus obtained were then submitted to an 

- NMR Spectra Catalogue. Variao Anociata, Palo Alto. California. 
al G. V. D. Tim. Ckmcteristlc NMR Shield&q Yaks for ?iy&vgen in Otpdc smums. Put I: 

Talks off- V&es for a amity of Organic Chpomds. MixmaoU Mining and Manufe 
Co., St. Paul, Minnesota (1958). 

p J. B-son Bndanberg and J. N. Shooleiy, Tetrahdon Letfers 285 (1961). 
p G. W. smith, /. Mol. Sp~troscopy 12,146 (1964) and Rck. quoted chn. 
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TAIIU 1. ~XBAUCAL Sam (t-values) AM) SHN+PIN swn-1~3 ¶orlHEAnouATK:uNo?x~ 

t-v-d- @pm) 
-- -. _ 

compod Position on carbon skeleton splitting (c/r) 
- --- 

1 2 3 4 7 8 9 10 
-. ._ _--- ._- 

V 2.62, 3.39, 6.27. 3.55, 3.33. 
H H OMe H H 

VIII 2.52, 3.24. 7.75, 3.31, 3.33. 
H H OAc H If 

Il 2.60. 3.39, 6.26: 3.55, 2.90, 
H H OMe H H 

VII 2.51. 3.24. 7.75, 3.32. 2.92, 
H H OAc H H 

4.13, 
0-CH,-0 

4.13. 
O-CH,--0 

3.58. 6.28: 
H OMC 

360, 6.30. 
H OMC 

3.59. S,., = 8.4 SI,, < O-3 
H S,,, = 2.4 S,,,,, < 0.3 

‘J~ocll,o - 1.3 

3.60, S1.s = 8.4 S,,, < 03 
H %r _ 2.3 S,,.,, < 0.3 

*Jocn,o - 1.3 

3.57, s,,, - 8.5 S,,, < 0.3 
H S,., - 2.4 S,,, - 8.8 

S ,.,. < 0.3 s,.,, - 2.7 

3.59, S,., = 8.2 S,,, < 0.3 
H S,,, . 2.4 S,,, = 8.7 

s, *I. a”, 0.3 s,.,. = 2.2 

l The t-values of these IWO OMe-groups may be interchanged. 

iterative computer analysis as described by Swalen and Reilly.rs The final parameters 
derived by this procedure are given in Table 2. The negative sign of the geminal 
coupling constants was a priori assumed in the assignment. 

TABLE 2. ~ECEhWAL SHIPIY (T-VidueJ) AND COUPUNG COXSTA?lTS OP THE IfETEROCYCUC 

RING PROTora 

s-Values (ppm) 

Position on Carbon Skeleton 
Compound P 

lla 6cqua- 6 6a 
Coupling Codants (c/s) 

torial axial *J..=.m ‘J,.,, ‘J,.,., ‘J,.II. ‘Ju~r. ‘J..,.rr. 

V 4.55, 5.81, 6.37, 6.57, - IO.8 +105 +5.1 i- 6.9 -0.8 -‘-a6 

VIII 4.53, 5.77, 6.37, 6.53. -11.1 +10.7 $5.2 + 7.4 -0.7 i- 0.5 

II 4.54, 5.80, 6401 6.56, - 11.1 +10.8 4-5.5 +7.0 -0.8 +06 

VII 4.57, 5.80, 6.43, 6.53, -.. 11.0 + 103 ’ 5.2 + 7.6 -0.9 +0.7 

A spectrum of the four heterocyclic ring protons of compound V is reproduced 
in Fig. 3. The calculated spectrum demonstrates the good agreement achieved by the 
iterative analysis. 

The resonance of the heterocyclic ring protons occurring at lowest field was assigned 
to the proton in position 1 la, being next to an electronegative oxygen and an aromatic 
ring.W*‘o*” The proton in position 6a at highest field is identified by its strong coupling 
to the low field proton. The magnitude of the vicinal coupling constants identify the 
protons on carbon atom 6, the axial one being nearer to the proton in position 6a 
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than to its equatorial counterpart. The strong coupling (J/d cy 1) behveea these two 
protons (axial on C, and on C,J causes the complexity of the four-spin spectrum. 
The overall pattern changes markedly with only slight variations of the chemical shift 

_. ,I/, III . 

FIO. 3. Observed and calculated 60 MC/S NMR spectrum of the hetcrqclic proton9 
of compound V. 

Ro. 4. Observed and cakxlated 100 MC/S NMR spectrum of the heterocyclk protons 
of compound V. 

difference between these hvo protons (*- - Q), although the coupling constants 
for all four compounds are equal within experimental accuracy. The assignment of 
the various transitions (for all compounds investigated) differed significantly and the 
four sets of parameters constitute therefore independent determinations. A 100 MC/S 
spectrum of compound V has been recorded and is compared with a theoretical 
spectrum which was calculated from the paramekrs obtained from the analysis of the 
60 MC/S spectrum with the chemical shifts converted to 100 MC/S (Fig. 4). 
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Spin decoupling of the proton in position 1 la reduced the remainder of the spcc- 
trum to a straightforward ABGsystem. These experiments confkmed the assignment 
and analysis of the 60 MC/S spectra unambiguously. 

The resonance lines due to the proton on carbon 6a appeared to be rather broad 
relative to the other transitions of the four-spin system, revealing a triplet fine structure 
at highest resolution (Fig. 4). Double irradiation experiments showed that this proton 
as well as the proton on carbon 1 la is coupled to aromatic protons across four and 
five bonds. The following long-range coupling constants have been determined: 
‘J,,, - 0.6 c/s, ‘J,,,, -0.5 c/s, ‘J,,,U - @5 c/s, “J,.,,, I O-1 c/s and ‘JJ,.,, -@3 cis. 

DISCUSSION 

Chendcuf .Shl/r. The resonance absorption of the methoxy, acetoxy and methyl- 
enedioxy substitucnts agree well with other reported dataLO The ~-values of the 
aromatic protons are mainly determined by the effects of the substituents attached 
to the aromatic ring via an oxygen atom. It has been shown” for a series of methoxy 
substituted benxenes that a linear correlation exists between the chemical shift of an 
aromatic proton and the n-electron density on the carbon bearing the particular 
proton and that the changes in the n-electron density are due to mesomeric effects 
influencing protons in orrho and puru positions only. Empirical substituent effects 
on aromatic protons have been determined by a number of authors.= In good agree- 
ment with these data, orrho and paru substituent effects of O.WI.6 ppm to high field 
for methoxy and methylenedioxy groups and orfho upfield shifts of 0.24.3 ppm for 
acetoxy groups are required to explain the observed r-values. The orlho effect of the 
oxygen atom in a five-membered ring attached to an aromatic ring (such as in the 
dihydrobenzofuran system) is also about 05-tIP6 ppm from this study, but it appears 
as if the corresponding effect of the oxygen in the six-membered heterocyclic ring of a 
dihydrobenxopyran system is only O-3-0-4 ppm. 

The chemical shifts of the heterocyclic ring protons also fall within the ranges 
where resonances of protons in similar chemical environments have been observed. 
Their ~-values are not very characteristic owing to the accumulation of various 
influences, particularly of magnetic anisotropy effects of substituents and ring current 
effects of ntighboured benzene rings. The very similar s-values of the axial proton 
in position 6 and the methine proton on the carbon atom 6a, which are responsible 
for the complexity of the four-spin system, is unexpected and has already led to a 
wrong assignment of these protons in ncodu1in.O 

Geminul coupling CO~J~MIS. Geminal and vicinal coupling constants of protons on 
spa-hybridixed carbon atoms have been shown to be of opposite sign by analysis of 
strongly coupled systems,” double irradiation experiments,m*” and observation of 
double quantum transitions. r8 The positive sign of vicinal proton-proton coupling 
constants has been determined by correlating these relative sign determinations with 
the sign of the directly bonded W-H coupling constanfm which from theoretical 

Y A Zweig, J. E. L,chnsen. J. E. Laocaster and M. T. Ncglia, /. Am. Ckm. &c. 85.3940 (1963). 
y F. Kaplan and J. D. Robtrts, 1. Am. Glum. Sot. 83.4726 (1961). 
w R. Frtanao and D. H. WhitTen. Mol. Phys. 4.321 (1961). 
* R. Fraanan and W. A. Anderson, 1. Chem. Phyf. 37,2053 (1962). 
w K. A McLauchlan and D. H. WhilTen. hoc. Chem. Sot. 144 (1%2). 
LI P. C. Lauterbur and R. J. Kurlaod. 1. Am. Ckm. SM. 84,340s (1962). 
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considerations is very likely to be positive,a@*n and with the directly determined sign 
of the ortho coupling in pnitrotolucne. sx Thus the assumption of a negative sign of 
the geminal coupling constants in the assignment of the spectra is justified. The 
absolute magnitude of the geminal coupling constants in the pterocarpan derivatives 
(104-l I.1 c/s) is in excellent agreement with coupling observed in similar systemP 
(e.g. MeOH: I*Jl - IO.8 c/s.) 

Vicinol coupling constants and conformation. It has been concluded from D&ding 
models that the two heterocyclic rings in the 6a.l ladihydro4Hbenzofuran [3,2x] (11 
benzopyran system must be c&fused. r”*6( There are, however, still two conformations 
possible as depicted in Fig. 5. 

I 

Ra. 5. The two pa&b10 amfonnatiom of (6a.R: 1 la,R)-6a,11a+iihydro-6H-~ 
furoDJc1 u bntopyran. 

The proton-proton coupling constants for these two conformers are expected to LX 
significantly different (Table 3). Thus the conformation can be derived unambiguously 
from the experimentally determined coupling constants unless the molecule undergoes 
rapid conformational changes. 

Coupling 
Protom 

Confonnrtion I 

Dihedral Coupling 
hgl0 Gmstant 

Conformation II 

Dihedral Coupling 

4h constant 

6a-lla (P 8-9 0” a9 

6ad 18V l&12 60” 2-3 

6a-6’ 60” 4-5 60” 2-3 

y M. Knrplw and D. M. Grant, Proc. Nat. Acad. Scl. U.S.A. 45.1269 (1959). 
** N. Muller and D. E. Pritchard, 1. Chum. PhyJ. 31,768, 1471 (19J9). 
‘a A. D. Buckingham and K. A. McLauhhlan. Froc. Glum. SOC. 144 (1963). 
n H. J. Bernstein and N. Sheppard, 1. Chem. Phys. 37.3012 (1962). 
w H. Sugioome, Exprriemtfa XVI& 161 (1962). 
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Tabk 3 gives the dihedral angles of the relevant protons for the two conformers 
assuming truly staggered conformations. From the theoretically cakulated angle 
dependence of vicinal proton-proton coupling constants~ and the knowledge on 
substituent effects on these couplings,U one would expect the coupling constants given 
in Table 3. The difference in gauche couplings for the two conformations is based on 
the observation that electronegative substitucnts cause a decrease of vicinal coupling 
constants and that they exert their maximum effect if they are truns and coplanar to 
one of the coupling protons. - In conformation I (Fig. 5). the protons H, and & 
are rrans to a hydrogen and a carbon atom respectively, while in conformation II for 
both gauche couplings a carbon and an oxygen atom are fruns to the coupling protons. 

Comparison of the experimentally determined coupling constants (Table 2) and 
the expected couplings (Table 3) shows clearly that the benzofurobenzopyran ring 
system of the compounds studied exists in conformation I (Fig. 5). with the six- 
membered ring in a staggcrcd half-chair form joint to the planar five-membered ring. 
The magnitude of the observed coupling constants suggests that angle distortions are 
only minor. It may furthermore be concluded that the molecule very probably exists 
in conformation I only and that, if the molecule undergoes conformational changes 
between the conformers I and II [as suggested for pisatin (VI)l‘], the equilibrium will 
be very much in favour of the former. 

The NMR spectra of other naturally occurring pterocarpan derivatives indicate 
that these compounds exist in the same conformation (neodu1in.e ficinin,s some other 
compounds closely related to these, and the pterocarpan derivatives described by 
Harper et de). 

Long-range couplings. Barfield recently calculated the angle dependena of proton- 
proton coupling constants across four saturated bonds.m A starch of the literature@ 
reveals that there is insufficient data available to test whether these calculations may be 
used to determine the conformation of organic molecules. Some abnormally large 
couplings over four saturated bonds have been observed in highly strained ring 
systems.“*” For most of the small long-range couplings observed in molecules with 
undistorted bond angles only the magnitude is known. Long-range couplings deter- 
mined for molecules of known conformation and with presumably undistorted 
tetrahedral bond angles are given in Table 4 together with the coupling constants 
expected from Barfield’s calculations. 

The largest coupling constant is expected for the planar zig-zag arrangement 
(+1*2 c/s, Group (1) in Table 41. The average magnitude of the experimentally 
determined values agrees well with the predictions although the sign of these couplings 
is not yet known. Similarly, the absolute magnitude of long-range couplings predicted 
for an axial/equatorial arrangement of the interacting protons [Group (2)] and coup 
lings in steroids involving a freely rotating methyl substituent (Group 4) is in accord 
with experimental observations. A few coupling constants across four bonds and 

u H. Booth, Tetruhdon Lerrcrs 411 (1965). 
” D. H. Williams and N. S. Bhacca, /. Am. Ckm. SC. 86.2742 (1%4). 
w R. J. Abraham. L. Cavalli and K. G, R. Pa&k. Mol. PhyJ. submitted for publication. 
a K. G. R. Pachler, unpublished obsxvation. 
n M. Bar&Id. 1. Gem. Phy~. 41.38215 (1964). 
u S. Stemhell. Reu. Purr and Appl. Chem. 14, IS (1964). 
u J. Mcinwald and Y. C. Meinwald. /. Am. Ckm. Sot. 8!& 2S14 (1963). 
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coupling path 
Dihedral angle 

‘J&c. ‘J.ob& 
(c/s) (c/s) 

Type of Compound Ref. 
@I @* 

- -- ._---.. .~---- 
I/\/\ 180” 180” +1.2 

2 

/J 

180° 60” +0.7 

3 u 60” 60” -0.1 

4 180” O”-360” +0.8 

6 60” O”-360” +0.2 

1.0-1.3 bicyclo(2.2.1)-hcptanc 
1.3-1.8 hexopyranoses 
1.3-1.8 bicyclo(2.2. I )-hcptanc 

1.8 bicyclo(3.2.l)-octanone 
o.sXl.9 hcxopyranoscs 

1.1 cyclohexanonc 
1.7 cyclohexanc 
I.5 1,340xan 
1.0 I ,340xan 

04X).5 
0+45 

1,3dioxan 
I .3dioxan 

0.304 1.3dioxan 

@7 
1.0 

steroid 
SkriOd 

0.65 
0.75 

+0.4 
io.3-+@4 

CH,BrXBrCH,@ 
CH,BrXBr(CO,CH&X, 
CH,Br-CHBrCH, 
CH,Br-CHBrCH, 

-0.35 
-@IS 
-@SO 

CH,CHBMZHBrCOIH 
CH,BrXHBrCH, 
CH,CHBrCHBrCH, 

‘? 
h 

k. 1 
k, I 
m 
n 

0 

n 

P 

l Sign undetermined if not given. 

l F. A. L. Anet. Canud.I. Chum. 39,789 (1961). 
’ L. D. Hall and L. Hough. Proc. Chm. Sbc. 382 (1962). 
’ J. I. Musher, Mol. Phys. 6.93 (1963). 
‘ C. W. Jefford and B. Wacgcll. Terruhedron Irtfers 1981 (1%3). 
l B. Coxon, Terru/w&on 21.3481 (1965). 
’ A. Rassat, C. W. JefTord. J. M. tihn and B. Waegell. Tefrahe&on Letters 233 (l%S). 
’ K. C. Ramcy and J. Mmick. Terruhedron Lrrrers 4423 (1965). 
b J. Dclmau and J. Duplau. Tetrukdron Lcrrers 559 (1966). 
‘ H. Wehrli. M. S. Helkr. K. Schaffncr and 0. Jeger. Hela. Chim. Actu 44.2162 (1963). 
f N. S. Bhacca. J. E. Gurst and D. H. Williams, /. Am. Chem. Sot. 87,302 (1965). 
’ D. R. Davies. R. P. Lutz and J. D. Roberts. /. Am. Ckm. .Toc. 83.246 (1961). 
’ D. R. Davies and J. D. Roberts, /. Am. Chcm. Sot. 84,2252 (1962). 
II N. S. Bhacca and R. F recman, /. Chm. Phys. 38, JO88 (1963). 
l H. Finegold. Proc. Gem. SC. 213 (1962). 
l R. Freeman and K. G. R. Pachkr. Mol. Phys. 5.85 (1962). 
v A. A. Borhner-By and C. Naar-Colin. /. Am. Chm. Sot. 84,743 (1962). 
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their signs are available for substituted ethanes where one conformation is expected 
to be predominantly present (Groups 5 and 6). Here the observed constants for 
compounds with theMe group &US to thecoupling proton vary from 0.3 c/s to @75 c/s 
with the sign positive if determined. This also compares favourably with the calculated 
value of +0*8 c/s. A small coupling ($02 c/s) is predicted if the Me group and the 
coupling proton are gauche to each other, but negative signs have been found experi- 
mentally varying from -015 c/s to -0.5 c/s. 

The same pattern has been observed for the compounds studied. The coupling 
between the equatorial proton and the carbon atom 6 and the proton on carbon 1 la 
having dihedral angles of 120” and 180” is predicted to be $07 c/s and agrees closely 
with the experimental value of +0*6 c/s. The other long-range coupling (‘J,,.,,; 
dihedral angles 120” and 60”) is expected to be small (SO.1 c/s) and found to be 
negative (-0.8 c/s). In a tetrahydrofuran derivative studied earlie+ with dihedral 
angles of ca 120” one would expect small long-range couplings of approximately 
+@l c/s but negative couplings of -0.4 c/s and -0.6 c/s have been found experi- 
mentally. 

Thus it appears that in undistorted saturated systems where relatively large positive 
long-range coupling constants across four bonds are calculated, these are actually 
found. In conformations, however, where the theoretical calculations predict small 
values, the experimental coupling constants have been found to be of negative sign. 

There is a host of experimental data not fitting into this scheme, but these are 
taken from measurements on molecules experiencing considerable ring strain such as 
bicyclo[2.1 .I ]-hexanes, bicyclo[2.2. I]-heptanes, 3chlorothietane,“a butane derivative, 
or compounds with epoxide rings, u which are quite obviously bad examples for a com- 
parison with the theoretical results of Barlield. It should also be borne in mind that 
these calculations are by their nature crude approximations performed for an undis- 
torted hydrocarbon skeleton, taking no substituent effects, no angle distortions, no 
bond length variations, no ring strains into account. In addition to this indirect, 
through-bond coupling, it has been suggested that direct, through-space effects may 
contribute essentially to the observed long-range couplings and these are also not 
included in the calculations. 

” K. G. R. Pachler and P. I,. Wuscls. 1. S. African Chcm. Inst. 19. 49 (1966). 
u W. D. Keller. T. R. Luscbrink and C. H. Sederholm, J. C/tern. Whys. 44,782 (1966). 
u I). D. Elleman, S. L. Manatt and C. D. Pcara, J. Chem. Phys. 42,6SO (196s). 


