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(Received in UK a5 July 1967) 

The preaenoo of e ohromene ring system in a natural subatanoe oan now be easily reoognieed 

with NlGt epeotrosoopy (I). Beoaumm, however, most natural ohromenee show at least 8 resorcinol 

or a more oomplioated oxygenation pattern, difficulties are still encountered in establishing 

the position of the ring closure, i.e. the dietinction between struoturea A,B,C in polycyolic 

compounds (e.g. serioetin (z), isoallorottlerin (3)): 

C 

In scme cases, the only method available is the repeatedly questioned Gibbs rea&ion. These 

difficulties oan be overcome only with synthesis (e.g. jaoareubin (4).) We have ohaerved in 

all the compounds studied (see table) the follcwing phenomena: 

1) an interesting effect on the H chemical shift caused by the aoetylation of the S-OH 

2) an inter-rirq lone;-range coupling between He chrcmene proton @,)&Ha (J4 o- o.&-0.7). 

Because these effeots could be new tools for the solution of the problem of the'structural 

isomers A,B and C, we have investigated a series of hydroxyohrcanenes including kneon natural 

substanoes. The results reported'here have been applied in the ease of flemingins (5) amd 

also give the final assignment of the struoture of isoallorottlerin (6). 

1) The aoetylation of 6&E is observed to cause a marked diamagnetic shift ( ddaoetyl l 

+0.3-0.4) of the peri H (Ha) and 8 small paramagnetic shift (d8 aoetyl - -0.r) of He. If we 

oompere the shift of He in the z,z-dimethylohrcmene (XIV), with its S-hydroxy- (I) an& s-aoe- 

toqr- derivative, we Bee that acetylation compensates the dmvnfield shift induoed by thg 451 

The same holds for XX, II and ite aoetate. We deshielding of E, due to the peri hydroxyl is 

of the same order (-0.38) (LB the "peri effeot I' found by Dudek (7) in naphtalenes (cn. -0.4d). 
-_I__ 

* Part V of a series on Natural Chrl,menes. Part IVr ficeroa Soi., in press. 

+ Centro de1 C.N.B. per la Chimioa delle Sostanze Organiche Naturali. 
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This effect oam be explained, (LB in a-naphtol, by an 

of the oxygen in the preferred trane oonfigurntion ( 

A similar shift of Ha irr 

drogen bond looks the OH 

i) either a planar trans 

found in I (6.55)(D) and II (6.72)(B), where the intramolecular hy- 

No.43 

interaction of Hawith the electron pair 

electron pair ois to Ha)6 - 

in the trane configuration". With aoetylationc 

oonfiguration is still preferred, and the electron pair is delooalised 

on the ester group, and consequently the deehielding of the hydroxyl is destroyed, 

ii) or tbe acetyl group is slightly twisted out of the plane, because of steric hindranoe, and 

Ha becomes near to the positive oonioal mea of the C-O; thus, the deahielding effeot of 

the oxygen is oompeneated by the shielding of the oarbonyl. 

This second hypothesis la mare probable. If we observe compounds of type F (IX, X, XI, XII, 

XIII), where chelation occurs aa well as in E, a planar trane configuration for the oorrespon- 

ding acetates is unlikely, beoaua%he two peri interaotions , and we obtain on aoetylation the 

same A& . However, it cannot be exoluded that a oertain delooalization of the electron pair 

on the ester group may oontribute to this effect. When R ia a bulky aubstituent (V-VIII) one 

could suggest that the acetyl is more twisted toward the ohromene double bond, and, as a COW 

aequenoe, Ha becomes nearer to the C-O and experienoee a stronger shielding (due to the ani- 

sotropio magnetio susceptibility and to the electric dipole moment of the substituent). An 

increased value of the shift is indeed found (V, d&aoetyl- +0.41 in C6H,2; VIII, +0.37; 

VI end VII, +0.50 in CDCl5), whereas the very small difference between 46 
acetyl of I and II 

is somewhat surprising, 

The aoetylation of hydro~la in 6,7, and 8 position does not show any appreciable effect 

on H -#I * * (see table 2). 

*r taking into aooount that the small differenoe haa in part to be attributed to the substi- 
tuent effect of the group In 6 position (-0.066, Bee later). 

mm There is one exception, when a oarbonyl is in 5 gosition. On aoetylation of the near 6&H, 
a strong upfield shift (46 % +0.5) ia observed for Ha in every solvent, except in D%O 
(XIX). Nevertheless, a aarbonyl in the pomition 5 is easily recognized by the strong de- 
shielding of H , mainly due to the magnetio anlaotropy and the dipolar moment of the oar- 
bony1 (H bein: on the same plane). In XIX we have H I 7.05 6 , in XXII R - 7.44 6. In the 
first o&e, the H-bond looks the C-O in a trans oonf&uration; in the se&d one, a cia -- 
configuration must be preferred for Rteric reason6 , as the lower shift is observed (G 
pare d 8 of vinyl protons in dimethylfumarate and dimethylmaleate - +0.53 (9)). As a re- 

sult of the steric hindrance of 6-OAo, with the consequent twisting of the carbonyl sligh- 
tly out of the plane of the ring, the H does not experience the whole deahielding effect 
of the oarbonyl and is found upfield ( a A 6 Roetyl = +O.~S). The eame reasons must be in- 
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we have examined the effect of the substitwnts and solvents on Ha and HP ohaoal Shifts. 

AE expected the hydroryl in 6 or 6 does not greatly influenoe the Hs and He ohsmioal ehir*s, 

whereas the mescmerio effeot of the ?-OH oauses a smell deshielding on He (db- 40.1-0.2) 

with respect to 2,2-dimethylohromene (XIV), whioh inoreases slightly in the more polar fiolvents. 

On aoetylation of the 7-OH, the CEl mesomerio effect disappears, and we 08n thus explain the 

deshielding of He on aoetylation (A~80etyl- -0.10-0.2s). As for the &substituent, 8 very 

small shielding is observed for He with 6-OH (As f++o.oa), and an equally small deshielding 

with 6-COB (b8 - -0.06-O.lO), but they h8Ve no diagnostio signifioanoe. pow it follows that 

stnong deshielding, by the peri S-OH, of the H , discussed above, and the shielding by the 
a 

5-OAo, must be attributed to sterio effects. Any mesomeric or induotive effe& of OH on the 

ohromene ring is only diamagnetic, even if greatly reduced in magnitude. 

The effect of polar solvents on the chemical shifts of Ha and HB is strong. We have noted 

in 2,2-dimethylohromene (XIV) a regular deshielding of both Haand Hg on going from C6H,2 to 

the more polar solvents (acetone and DBO), this effect being mainly due to the reaction 

field induoed by polar molecules dissolved in a medium of high dielectric constant (a). When 

the substituents are OH, specifio solvent-solute interactions (H-bonding) may arise. When the 

OH are in 677,s position, Ha and H,, show about the same behaviour a8 in XIV (deshielding), 

whereas the efPect of intermolecular E-bonding is particularly significant in compounds with 

the s-OH. The shift of Ha is observed to go in the opposite sense with respect to the polari- 

ty of the solvent. A possible explanation mi,+t be that the strong donor INS0 molecule, inte- 

racting with the S-OH, twists it slightly out of the plane, in such a way as to decrease the 

steric hindrance with the 6-substituent. Consequently H 
a 
does not e.xperience the whole effect 

of the lone pair of the peri hydroxyl and it goes upfield (average 6, H - 6,~,, I +0.1). -__ 
In the less hindered s-hydroxymhromene (I) AS is smaller (+o.o?). 

6 12 

On aoetylation of the S-OH, this upfield effect disappears as expected (average 6, H - 

-d 
6 12 

mso 
= -0.1). For these reasons the H' 

a upfield shift observed on acetylation of 

s-hydroxychromenes is stronger in C6H,2, CC14, CDCl3 and weaker in acetone and IMSO. It is 

even zero for macluraxanthone ( A$ 
acetyl - +0.05) and isoallorottlerin (+ 0.08) in DSO, 

Consequently for diagnostic purposes the spectra must be recorded in the former solvents, 

2) The long-range coupling (J4 ,), first su&qested hy Elvidge and Foster (lo), was measured 

on both H, and H s. The sign:ls are double doublets in compounds II, III and their acetates, 

XVIII acetate, XXII (J, s- 0.6-0.7, J 
, a,B 

- lo), XIX (J, s- 
, 

o,s), XIX acetate (J4 s= 0.3, 
, 

vcked to explain the abnormal upfield shift of H in DMSO ( d 
DbdSO,interaots with the &OH in competition withathe S-COO&~ '6'12 

- d,,,- +o.ss) in XIX. 
and induces the 

same distortion in coplanarity. Hence on aoetylation of 6-OH we did not obtain in DMSO any 
effect on Ha chemical shift ( Adacetyl I -0.09) (see later). 
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deduced from width differences). In II there is evidenoe (from the width of the signals, 706 

MBz) of interaction between II4 and Ii, (J, , 6 0.2). In 2,2_dimethylchromene (XIV) other 

inter-ring couplings may be present, beoa:se the two lines of Hs doublet are broad (width: 

H 
a 
- 1.4, H 

B 
- o..9 He; J4 6 e 0.6). Even if small, J4 s is oleerly visible in all 2,2-dial- 

kylchromenes with free pofiition a, inoluding lonohockpin and jacareubin, and it can be use- 

ful in deoiding the.substitution of the benzene ring in unkncwn natural products. 

Together with this inter-ring coupling, the effeot of aoetylation is a useful tool in 

structural eluoidation of polyoyclic compounds. This is shown in table 1, where we have pre- 

sented pertinent data whioh are available in the literature (UC). 

All R?dR spectra were measured at 60 3IBz (Varian A-60, temp. 33O); II and XIV were also me- 

asured at 100 KRz. The shifts are in ppm (d) from TMS as internal standard, J in Hz. Accuracy 

in chemiaal shift is within I Hz. The acouracy of sweep-width was checked using the separation 

between the singlets due to the CHC13 and m in CC14. The concentrations me 0.1 M. No appre- 

ciable variation in chemical shifts was found within the concentrations range 0.05-0.2 Y. 

All synthetic compounds were prepared by Nickl's method (16), hydroqmhromenes by decarbo- 

xylation for s minutes in boilin S quinoline of the corresponding ortho carboxylic acids. 
---__---- 
* The chemical shift values of a- and p-toricarol and their acetates are in agreement with our 
results (a-toxicnrol, structure type Ba H 6.56, E 

structure t&e A: B 
5.48 (17), aoetate 6.59, 5.51, 4s 

= -0.03, -0.03; p-toxicsro1, B 6.59, H 5.47, acetate 6.31, 5.56, 
acetyl 

AS - +0.2s, -0.11 CD21 ). The values for b-toxicarol'do not correspond to those given 
by 

aoetyl Crombie (17). Cur ehanks to Prof. H.S. Harper for samples of A-toxic%rol and a- 
toxioarol acetate. We cannot explain the values found in ecandenin (A. Pelter, P. Stainton, 
J. 

(9) 
(10) 
(11) 
(17) 

(13) 

(14) 

(15) 

(16) 

(17) 

Chem. Sot. C 1966, 701). This seems to be the only exception. -- 
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