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Abstract-meso and dl diastereomeric pairs of cyclic compounds with geminal probe groups in suitable 
position wcrc analysed by PMR : anisochronism of diastereotopic probe protons was used for assignment of 
configuration; moreover, analysis of ring proton signals gave information on conformational features. 

Recently we reported on the use of gcminal proh 

groups (e.g. Me groups) for PMR characterization of 
meso and dl forms of some acyclic compounds bearing 
two equivalent chiral centers in l.5-position.’ 

During the investigation we reacted both meso and 
dl I ,5-diphenyL3,3_dimethyl- I ,5 pentanediols (I ) with 
tosyl chloride in pyridine, obtaining respectively dl- 
(~rans) and meso-(cis) forms of 2,6-diphenyl-4,4- 
dimethyl-tetrahydropyran (2) (Scheme A); this result 
showed that cyclization reaction had occurred with 
configurational inversion at the substitution site. 

This kind of stereoselective cyclization, leading to 
tetrahydrofuran’ ’ or tetrahydropyran’ derivatives 
was already known; in our case, it made both 
diastereomeric forms of 2 accessible, of which only one 
(tneso-ci.s 2. obtained by catalytic hydrogenation of 
6,6-dimethyl-6H-pyrano [3.2-b; 5,6-b’]bis- [ I ] bcnzo- 
thiopheneh) was known. 

The assignment of configurations to W.W and dl 2 
was easily achieved by applying symmetry principles’ 
to the geminal Me groups’ signals; in addition, the 
interesting conformational features obtained by 
careful analysis of PMR spectra prompted us to extend 
the use of geminal Me probe groups to other cyclic 
diastereomeric meso-(cis) and dl-(trams) pairs.” 

Some 5 and 6-membered cyclic compounds 
fullfilling this requirement have been characterized by 
PMR in a single diastereomeric form* lo; mew and dl 

forms of 1,3-dioxolans,” 1,3 dioxa-2-thians” and l,3- 
dioxans” bearing geminal Me groups in suitable 
position have formerly been submitted to PMR 
analysis. Early examples of similar diastereomeric 
pairs, for which PMR data are missing, are 2,2.5,5- 
tctramethyl-l,3-cyclohexanediol (3a) and its diacctyl- 
(3b) and dibenzoyl-(3c) esters, whose configurational 
assignment was based on optical resolution of dl form 
of 3a;14 we decided then to resynthesize these three 
diastercomeric pairs and to submit them to PMR 
analysis. 

In order to extend the series also to 7-membered ring 
compounds, we reduced 1,2-benzo-5,5-dimethyl- 
cyclohept-I-en-3,7-dione (41 thus affording mew and 
dl l,2-benzo-5,5-dimethyl-cyclohept-I-en-3,7-diols 
(Sa); a partial reduction product, l,2-benzo-5,5- 
dimethyl-7-hydroxy-cyclohept- I -en-3-one (6) was 
also obtained. The separation of diastereomeric forms 
of Sa was achieved by fractional crystallization or by 
column chromatography, and both forms were then 
acetylated to the diastercomeric diesters Sb (Scheme 
R). 
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“Heretofore only WSO and d/ prefixes will be used; it is 
intended that ~W.W forms are also c,i.s, and dl forms arc also 
1 rUtIS. 
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3a : R= H 

3b: R = CO-CH, 

ROXOR 3c:R= Co-Ph 

An attempted synthesis of diols, homologues of Sa, 
was unsuccesful: treatment of4 with Me-Li gave only a 
partial reaction product: 1,2-benzo-5,5,7-trimethyl-7- 
hydroxy-cyclohept-I-en-3-one (7) which. unlike (6), 
was found to be stabilized as hemiketal form (7’) 
(Scheme B). 

For the AB part of the system, no immediate 
explanation could be found: it is known, however, that 
axial substituents, such as phenyl or hydroxyl, which 
were present in one half-moiety of dl forms, exert a 
deshielding effect on vicinal axial protons’6. ’ ’ 
whereas shielding effects are usually reported on 
vicinal equatorial protons;” the chemical shifts 
observed by us for H, and Hr, in dl forms were 
mediated values for two interchanging ea-ae proton 
pairs, and seemed to indicate that the above mentioned 
deshielding effect on the axial proton was pre- 
dominant. 

RESULTS AND DISCUSSIOY 

Table I shows the PMR data of the diastereomeric 
pairs: meso forms were recognized by unequivalence of 
diastereotopic probe groups,’ which was much more 
marked than in the acyclic series;’ this featurecould be 
related to the lesser conformational flexibility of cyclic 
structures as compared with the acyclic ones. 

Geminal coupling constants ‘JAB showed rather 
constant values for the three ring systems; in contrast, 
vicinal coupling constants showed different patterns: 
with the exception of 3a (see below), all meso forms 
appeared conformationally unitary, with both sub 
stituents equatorial; 3J,( = 3JAx) and 3J,( = 3J,x) 
depended strongly on the nature and size of the ring: 

Ring system ‘J,(Hz) ‘J,(Hz) Ref. 

All compounds contain two equivalent or enanti- 
otopic ABX ring proton systems: a constant feature 
which was apparent from their chemical shifts values 
was a general downfield shift when passing from meso 
to dl forms: no such regularity could be found in the 
acyclic analogues.’ 

Tetrahydropyran 
Cyclohexane 
Benzocycloheptene 

12 2 18 
13 3.5 19 
Il.5 1.5 20 

The low values of both coupling constants in the 
cycloheptene derivatives could be related to their 
particular dihedral angles: a Dreiding model showed 
0, = -150” and 0, = -90”. 

This deshielding effect was easily explained for the X The ABX system of meso-3a showed particular 
proton, whose chemical shift in the dl form was clearly features: in CDC13 solution, vicinal coupling constants 
a mediated value from an axial-equatorial protons pair (JAx 2 1 lHz, J,, 2 5Hz) were intermediate between 
in place of two axial protons in the meso form,” the above values for the cyclohexane series; this could 
furtherly strengthened in the benzocycloheptene indicate a conformational equilibrium between the 
derivative by the anisotropy of the aromatic ring. diequatorial and diaxial conformers, the former being 

OH - 
r. t. 

6 

Scheme B. 



me5~ 1.03 I.28 1*50 1.62 4.71 13.5 12 2 

2: 

7.1-?.5(m,lC! H,arom.f. 
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mew 

0*78 0.98 

3;a 
1.06 1.06 
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0.97 0.97 

3b 

R-96 1.08 

mew 1.38 I,49 4.74 13 13 3.5 
0.93 O-99 

1.04 1.04 

df I*46 f.59 4.92 14 7.5 4 
0.96 0,96 

mew 

3C 

dl 

3.10 1.2 ?,3-7,6(m,3H,3,4,5-arom.), 
1.58 l-71 5,08 13 73 3.5 

1.06 1.22 7.9-8.l(m,2H,2,6-arom.). 

7.b7.2(m,2H, arbm.), 
meso 0.88 l-26 I,34 ‘I.68 4.76 73 11 1.5 

5 ~.3-7.S(m,2H, ark,). 
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system of pneso 3sr degenerated to an A2X system: na 
easy explanation of this phenomenon could be found 
in terms of chair 
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furtherly ~~i~~ the 

le existence of twist- 
m, that could cause 

rni~~~~~ ~~~~re~ce in cbe~~~a~ shift for the 
of protons and hence de~~nerat~~n~ an in 
Dreiding models shows that such conformers could 

tabilized by an H-bonded met 
osed between the two OH grou 

A similar b~ha~iour was not observed far the 
~nalo~~~s ~-membered ring dial ~~~~~-5a~ that exists 
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C,7HZZ01 (290.4) requires: C. 70.32: H. 7.64”,); mrso Sb: 
m.p. 122-24. from hexanc (Found: C. 70.15; H. 7.78. 
Required as above) 

1.2-Bcn;o-7-h~~drox.~~-5,5.7-1rimcfh~/-~~~~lo/~~pr-I-rn-3-one 

(7). A soln ofdione4 (0.79g, 3.9 mmol) in anhydether (IOml), 
was added dropwise under dry N, to a stirred soln of Me1.i 
(39 mmol) in the same solvent (25 ml). After stirring at r.1. for 
I hr the mixture was carefully washed with ice-cooled water, 
dried on Na,SO, and evaporated to dryness. Purification by 
column chromatography on silica gel using 75 :25 
cyclohexane-EtOAc as eluent, Save 7 (0.61 g. 72”,, yield) as 
colorless oil. (Found: C. 76.X6: II, X.53. C,,H,,O, (21X.3) 
requires: C. 77.03; H. 8.31 “<,). 

The IR spectrum misses the CO stretching hand because 7 
exists completely in the hemiketal lorm 7’ (see ‘II NMR). 
‘H NMR (Ccl,.‘60 MH/), lOO”,,hcmikctal form:&: -0.1 I (s. 

3H. CII,+-(.H,): 0.83 (s, 3H, CH,,--(:-CH,,; 1.48 (s. 

3H,CH---C-O): I.0 l.Y(m.4H.twoABsystcm:~, = 1.28. 
I 

~5, = 1.74. J,,!, = 13.5 H7; b; = 1.54: ci;,, = 1.60 J,, :, 

= 10.5 Hz): 4.80 (s, IH. 011 exch. 1120) 6.6&7.20 (asym.m. 
4H. arom.). 

2.2.5,5-7Lr~cm~~~r/1~~l-c~c/ohesm~~r- I .3-drol (3a) was obtained 
by NaBH, reduction of 2,2,&S-tetramcthylcyclohexane-1,3- 
dione in abs EIOH. Diastcreomeric forms meso and dl were 

separated by column chromatography on silica gel with 
EtOAc cyclohcxane as elucnt (ratios: IS :85 up to 30:70). 
m.ps of scparatcd diastereomertc forms arc in agreement IO 

those previously reported.” 
1,3-f~itr~ero.~~-2,2,5.5-r~,~rufn~~h~/-~~~~~~~/~~.~un~, (3b) and 

1.3-dibcnzoyloxy-2,2,5,5-tetramethyl-cyclohexane (3~) wcrc 
prepared by esterification of the separated diastereomcric 
forms 3a. in dry pyridinc with Ac,O or bcnzoyl chloride by 
the usual procedure. M.ps ofrnr,~r~ and t/l forms wcrc identical 
to those already reportcd.rJ 
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