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Abstract - The title reactlon leads to a stable acldester, an ~ocoumarm and the two lsomenc 3- 
methoxyAmethoxycarbonykhbydrotiocoumarms. X-ray structure determmatlon of one of these 
Somers reveals a hrur~-&axml conformation N m r data indicate this geometry also pertams m 
solution. ‘H-‘% vlcmal couphng constants for the altematlve crs-somer correspond to equatorial-3- 
methoxy, axmWmethoxycarbony1. The trends of two 13C n.m.r. chenucal shifts are opposite to those 
suggested by hterature precedents Empirical force field calculauons are consistent urlth the 
expenmentally determmed conformations 

In an earlier paper, it was shown that reamon between the homophthahc anhydride derwatlve (1) and 

methoxlde in methanol led to four identifiable products, (2), (3), (4) and (5) ’ The important result was that 

the acid-ester product has structure (2), m contrast to an earher report which mcorrectly assigned the lsomerlc 

structure (6) ’ However, It was also concluded that the acid-ester (6) 1s an unstable primary product of the 

reaction which cychses rapldly to the two lsomenc dlhydrorsocoumarms (3) and (4) These m turn are 

precursors to the isocoumarm (5) Isomers (3) and (4) could be separated into a crystalhne material and an 

impure 011, whose gross structures were deduced from spectroscopic data’ The crystalhne isomer was 

believed to have the tranr-stereochermstl shown for (3), with the impure component being mainly the CL+ 

isomer (4) 
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However, rt was stated’ that there remamed a degree of ambrgmty over these stereochemtstry assrgnments 

In thus paper we now report an uneqmvocal X-ray structure determmatron which shows that the crystalhne 

component does mdeed have rrrur.s-stereochemrstry (3) In the hght of thus, the n m r spectroscoptc data for 

both (3) and (4) are drscussed m more detarl Addmonally, results of emprncal force field (molecular 

mechamcs) calculattons are reported for dthydrotsocoumarms (3) and (4), and also some sample derrvattves, 

the results of whrch atd m understandmg the conformations deduced 

RESULTS AND DISCUSSION 

X-ray Structure Detelmination of Dlhydroieoconmnrin (3) - Crystals of the pure drhydrorsocoumann isomer 

(3) suitable for X-ray structure determmation were readrly grown from methanol as colourless tablets A vrew 

of the structure of (3) ts grven m the Figure Bond lengths and angles are unexcepttonal Important bond 

lengths are recorded m the caption to the Figure The lactone rmg has a half-chmr conformatron, with the 

result that substttuents at carbon atoms C3 and C4 may be posrtroned m well-defined axial or equatorial 

orrentattons Dihedral angles around the C3-C4 bond are close to multrples of 60” (see Table 1) It 1s 

tmmedtately apparent from the Figure that drhydrorsocoumarm (3) adopts the rmnr-dtaxral conformatton m 

the crystal 

The conformatron of the methoxy group at C3 1s such that lone pan parttcrpatton m anomerrc 

conlugatron wrth the C3-02 bond 1s maxmused Emprrtcal force field calculattons, dtscussed below, probe 

this pomt further These calculattons also address the question of nonbonded mteractron between the 

methoxycarbonyl group on C4 and the adlacent aromatic CH group 

Although the structure of drhydrorsocoumarm (3) ts tmns-draxral m the crystalhne phase, tt does not 

necessarrly follow that this conformanon 1s preferred over dtequatorral m solutron N m r data resolve thts 

point, as discussed m the next sectron 

Figure The solid state structure of 

dthydrotsocoumarm (3) Prmcrple bond 

lengths (A) (atom numbering as m Table 1) 

Cl=0 1 198(11), Cl-02 1382(11), Cl-C8a 

1485(U), 02-C3 1440(10), C3-C4 1507, 

C3-OMe 1405(10), C4-C4a 1495(12), C4- 

Cl0 1523 (12), C4a-C5 1375(12), C4a-C8a 

1374( ll), CS-C6 1397( 14), C6-C7 1378( 16), 

C7C8 1379( 14), C8-C8a 1408( 12), ClO- =0 

1 179(13), ClO-OMe 1317(11), OMeC9 

1434( 12), OMe-Cl1 1457( 10) 



Alkoxrde-mduced rmg-opemng 7871 

Table 1 N.m r and Conformatton Data for Whydrotsocoumarms (3) and (4) and Analogues 

tf (Hz) H3-H4 

H3-Cl0 

H3C4a 

H4-C8a 

25 3.7 264O(gauche) 
10 0-13.6(m) 

19 46 

6 <3 

4 4 

6 H3 5 67 552 5 79 535 

(ppm) Cl 162 63 163 27 177.46 175 82 

C3 10205 10139 98 97 10136 

Dihedral 02-C%C4-C4a 543 

angles ClO-C4-C3-OMe 173 1 

(“) OMe-C3-C4-H4 53 4 

H3-C3-C4-H4 67 8 

43 6-55.5 

163 t&l77 9 

31.9-58.9 

69.3-103 2 

Literature - thts work - ref.5 3,4 Fef &- 

10 11 

(3) 

Pans 
(4) 

cLr 

OH 

(7) (8) 
UPOH f%I-OH 

Solution Stereochemistry of Dihydroisocoumarins (3) and (4) - Data pertment to the discusston of the 

stereochemtstry of the two tsomers (3) and (4) are recorded in Table 1 Included are selected ‘H and 13C 

n m r shafts and couplmg constants, and dihedral angle values In order to atd mterpretatton of these data, 

literature n.m r. values were collected for analogues of the ddrydrotsocoumarht system Apart from the 

tsomers of nepetalrc actd (8), these all included the substructure (7) (Table 1). for which n.m r data are 

available alongsrde defimttve X-ray structures Thus, couplmg constants &n, for gczuche arrangements of 

H3 and H4 (axtal-equatonal or equatorial-equator@ for several natural products listed m the footnote, 

range from 2 6 to 6 Hz Values for the corresponding artrr geometry (axtal-axtal) are distmcttvely htgher, as 

expected, at 10.0 to 13 6 Hz” 

Compartson of the ‘JHsH4 data for (3) and (4) (Table 1) shows that both are typrcal of gaucize 

relattonshtps for these protons Thus, tt 1s unmediately estabhshed that the tranr-isomer (3) must exist tn 
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solutron wrth its 3- and Csubstituems diaxia& Just as in the solid state. 

However, the conformation of the crk-rsomer (4) cannot be determmed on the basts of proton-proton 
couphng constants Three-bond ‘H-w coupbng constants are more revealing. A Xarphrs-type relattonshtp 

is known to extst for vrcmal ‘H-‘3c coupling constants.s Since 3J- 1s the same for each of the tsomers (3) 
and (4), rt 1s mferred that the orientation of the methoxycarbonyl substttuent 1s the same 111 each, that IS, axral 

The 3-methoxy group of (4) must therefore be equator& 
Most of the remamin g data summarked m Table 1 can be interpreted m terms of the burr-duuoal and 

cls-ur-ester--methoxy conformations, as follows. 

(a) ‘JHIcl, 1s s~gmficantly greater m (3) (6 Hz) than 111 (4) (3 Hz), plying an antr relattonslup m the 
former (H3 equator@, andguuc!rc m the latter (H3 axral). ‘Ihe X-ray structure of (3) grves the H3-C3- 

0%C4a dthedral angle as 172.6” @urn) The corresponding gauche dihedral angle for 03-C3-C4C4a 

111 (3) IS -66.2” The Karplus relattonshrp suggests coupling constants of about 7 and 3 Hz for these 

drhedral angles, respectrvely, consrstent with experiment.s 
(b) Conversely, 3Jw_j 1s smaller m (3) than (4) The same con&sron as 111 (a) apphes. In both cases, 

the lesser values are m the range expected for a gauche relatronsbrp, while the hrgher values are typxal 
of anh relatronshtps.’ 

We have been unable to accommodate the above ‘H-‘“C couphng constant data m any alternatwe 
mterpretatron based on an eq-ester group in the cu-isomer (4). Other observattons based on the n m r data 
are as follows 

(c) The tiedral angle between two equatonal hydrogen atoms m drhydro-2-pyrone-type structures IS 

consistently greater than 60”, as typtfied for vanous wrthanolides, where tt ranges from 69 3” to 103 2” 

(Table I),’ and for (3), where thrs angle 1s 67 8” In contrast, the dihedral angle between an axtal and 

an equatonal substrtuent (also grmche) m such systems 1s mvanable less than 60” (Table 1) For such 

molecules, the Karplus relattonshtp therefore suggests that “J- should be less than ‘Jt.,_- and this 

1s indeed observed for (3) and (4) (Table 1: for (3) 3Jt.,n = 2.5 Hz, for (4) 3Jt.n, = 3 7 Hz) Whrle 

drstmgtushmg the CLT and tronr Isomers. thts observatton m ttself sheds no hght on the conformatron of 

the cr.+isomer (4). 

(d) Fmally, the relative order of chemical shrfts of the H3 protons m (3) and (4) are 6 5.67 and 5.52 p p m , 
respectively Thrs 1s the same relattve order as for the rsomers of nepetalic actd (8)6 (6, m-OH 5 79, 

eq-OH 5.35 p.p m ), whrch 1s the best model compound found for (3) and (4) where both anomers of 

a hydroxy-substrtuted lactone nng are known. 
Despite the consrstency and sattsfactoty mterpretahon of all these data, there were two other 

observattons whtch were not consrstent, and which gave nse to the earher belief that a degree of ambiguity 
sttll exrsted m the structure assrgnments of (3) and (4) * Firstly, It 1s normally tbe case that the 13C-shaft of 
the anomenc carbon m 2-hydroxy-tetrahydropyran tsomers and 6-lactone analogues IS higher when the 
hydroxy substttuent 1s axtal.~’ Secondly, and conversely, the lactone carbonyl carbon shrfts m roomers of 

structures such as nepetahc acrd, Q), are lower when the hydroxy substttuent 1s axral (Table 1) ” These 
relatrve ordenngs are opposite to those exhrbtted by (3) and (4) (Table I), gwen the structure and 
conformatton asstgnments deduced on the trrefutable basts of the X-ray structure of isomer (3) Therefore 

the above generahsattons concermng 13C n m r chemtcal shifts m anomers of hydroxy-subsmuted L-lactones 
do not apply to benzo-fused systems (dthydrotsocoumarms) In the latter, the order of chenucal shifts IS reversed 
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Table 2 Relatrve Total Stram Enthalpres from EFF Calculatrons (kcal/mole) 

$O::oMe QMe $oM’ 

0 0 0 

(3) (4) (9) 
War 00 3*9,4-m 150 ax 00 

cq,eq 134 3-ax,4-eq 277 eq 07 

(relative to qa;mr-(3)) 

Empirical Force Field Calculations - EFF calculatrons wtth full geometry optumsatton have been performed 

on both of the hmrtmg conformattons for each of (3) and (4), as well as a sample derrvanve, (9) (Table 2) 

The enthalpy of the rmnr-isomer, (3), IS calculated to be less for the dnunal conformatlon compared wtth 

dtequatortal by 13 kcal/mole Thts 1s m line wnh the X-ray structure, and wtth the conformation taken up 

m solutton as deduced by n m r measurements A calculated enthalpy preference of 12 kcal/mole for the 

eq-OMe, m-COOMe conformer of err-isomer (4) 1s also conststent wtth the conclusion based on n m r 

measurements for this isomer The axrat preference of the 4-COOMe group 1s probably at least partly due 

to tts unfavourable nonbonded mteractton wtth the adjacent aromattc S-CH unit when in the ahernatlve 

equatorial posttton This IS borne out by calculattons on the stmphfied model compound (9) In the absence 

of the 3-OMe substnuent an axial preference (by 0 7 kcal/moie) IS stdl observed However, tt 1s tmportant 

to note that entropy effects have been Ignored m the above dtscusston (see below) 

Under basrc, eqmhbratmg condmons m methanol, the expenmental isomer ratto (3) (4) was observed 

by both n mr spectroscopy and hplc to be about 5 at room temperature’ ‘Ills equlhbrlum ratlo 

corresponds to a free energy difference between the two isomers of about 0 9 kcal/mole On the basis of only 

the lowest enthalpy conformers calculated for each of the two isomers, the tmns-isomer (3) 1s about 15 

kcal/mole more stable than the CW(~) Again, this value does not take mto account entropy differences 

between the two isomers 

In fact, recent results have shown that conformatlonal preferences can be dommated by entropy, rather 

than enthalpy, effects * Both (3) and (4) contam an anomenc methoxy group m a lactone ring It IS therefore 

particularly relevant that the “anomenc effect” observed m 2-methoxytetrahydropyran - preferred axldl 

orientation of the methoxy group - 1s determined by the higher entropy of the axial isomer compared with 

the equatorial, rather than by enthalpy differences 8 Caution IS therefore advised m the mterpretatlon of 

EFF-derived stram energies (enthalples) such as those discussed above ’ 

Notwlthstandmg this caveat, It IS gratlfymg that the EFF-calculated dipole moments of (3) and (4) (4 57 

and 5 lOD, respectively) are consistent wth the polantles of these molecules as reflected by thetr 

chromatographlc behavlour H p I c under reversed phase condltlons (aqueous elluent) eluted the more polar 

(4) faster than less polar (3) ’ 
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EXPERIMENTAL 

Synthesis and X-ray structure determination of dihydroisocoumarin (3) - The preparation and separation of 
dlhydrotsocoumarms (3) and (4) was described previously.’ A crystal of (3) grown from methanol of 
dlmenslons ca 0 28x026~0 16 mm was selected Formula. C,,H,Os, formula weight 236 23 Intensity 
measurements were collected on a Phlbps PW 1100 four-arcle mactometer wtth MoKa radlatton (1 = 
071069 A) from a graphite monochromator m the e-28 scan mode The urut cell parameters were 
determmed from 25 medmm angle reflections space group P2,/n, u = 8 174(2), b = 18 720(4), c = 7 5.59(2) 
A, 8 = 94 4(2)“, 2 = 4. Number of reflections scanned 1796. The structure was solved by direct methods lo 
Most hydrogen atoms were located m &fference Founer syntheses but for consistency were mcluded m 
tdeahsed poslhons (C-H 10810 ndmg on the relevant C-atom; the onentattons of the methyl groups were 
determmed by usmg the best located H-atom for each. The non-hydrogen atoms were asslgned amsotroplc 
thermal parameters m the final stages of full-matnx refinement, which converged at R = 0 099 for 1070 data 
mth Z/o(Z) > 2 0 Lists of atom parameters have been deposited at the Cambridge Crystallographic Data 
Centre 

N.m.r. spectra were recorded m deuterochloroform at 250 MHz (‘H) or 62 9 MHz (13C) on a Bruker WM250 
Instrument 1 Specific features are &scnssed above 

Empirical force Keld calculations were carned out on a VAX 11/750 computer usmg graph& input via an 
Evans and Sutherland PS340 colour graphxs termmal Energy mnumlsatlon used version 2 1 of the AESOP 
package of Dr B Masek (ICI Pharmaceuttcals) avadable throughout ICI.” Thu IS based on the MM2 force 
field of Alhnger I2 No attempts were made to locate local energy muuma other than those discussed above 
Input structures were based on the X-ray determined skeleton of &hydrorsocoumarm (3), using the strucure 
budding facdttles present in the ICI molecular modellmg software VIKING to introduce substltuents m 
ldeahsed equatonal and axial posltlons 
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