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Abstract: The NW? spectra of compounds l-5, recorded at different tempera- 
tures, are discussed and interpreted in terms of conformational eguili- 
brium. Ground state conformations are found to be chiral, ring inversion 
barriers are surprisingly high (ca 48 kJ/mol). 

Favini et al. were the first to investigate the conformational beha- 

viour of unsaturated nine-membered rings'. From MM2 force-field calcula- 

tions of cis-cyclononene 2 ten energy minima have been obtained, and the 

asymmetrical one already studied by Favinil was found to be the conforma- 

tion with the lowest energy. It is well-known that introduction of an en- 

docyclic double bond or benxanellation to a saturated medium-sized ring 

system reduces the conformational flexibility (for cyclononane sixteen 

symmetrical conformations have been proposed3 in contrast to the abovemen- 

tioned ten for cyclononene) and increases the ring inversion barriersdeb. 

The present paper describes the temperature-dependent IH and 13C RMR 

spectra of 1,4,5,7-tetrahydro-3H-2,6_benzodithionin derivatives l-5 which 

have been prepared by coupling 1,2-bis(mercaptomethyl)benxene with l,l- 

bis(halogenomethyl)alkanes. The spectra are discussed in terms of ground- 

state conformations and the ring inversion barrier. 
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Results and Discussion 

The highfield 1H and 13C NHB spectra of the compounds 1, 2 and 5 were 

recorded at temperatures between 185 and 300 K. All chemical shift values 

are collected in the Tables 1 and 2. 

The room-temperature 'Ii NRB spectra of all compounds show one singlet 

for all benxylic (H-1/7) and one for all aliphatic ring protons (H-3/5). 

The aromatic proton signals appear as a AA'BB' spin-system, and the pro- 

tons of the substituents at C-4 give one singlet for 1 (a,a'), 3 and 4 and 

multiplets for 2 and 5. The effects of decreasing the sample temperature 

are shown for 1 in Fig. 1. The H-117 and H-3/5 peaks broaden, and at 193 K 

they are split into eight separate signals with equal intensities, one for 

each proton. The H-l and H-l signals give two AK spin-systems, one 

consisting of the outer doublets (6 q 4.21 and 3.53, 2J=13.5 Hz), the 

inner doublets (8 q 4.01 and 3.70, 2J=14.7 Hz) belong to the other. Thus, 

these two methylene groups are apparently in similar chemical environ- 

ments, but within each CHZ group the two hydrogen8 are rather different, 

probably due to different orientations with respect to the benzene ring. 

The H-3 and H-5 signals produce two well-separated AB spin-systems (S = 

2.86 and 2.74, 2J=14.9 Hz) and (6 = 2.00 and 1.82, 2J=14.6Hz). Here the 

methylene groups are in rather different chemical environments, but within 

each groups the hydrogen6 are similar. The methyl groups (a ,a’) also give 

two separate 1H signals at 195 K, and their chemical shift difference is 

0.2 ppm. On the whole, the spectral appearance is that of a single asynune- 

trical conformer, more precisely, a racemic mixture thereof, and not of an 

equimolar mixture of two or even more isomers, as one could anticipate. 

The 13C NME spectra of 1 (Fig. 1) reveal analogous temperature-depen- 

dent effects. At room temperature the spectrum consists only of one ali- 

phatic C (4), two CH2 (3/5 and l/l), one CH3 (a,a') and three aromatic 

signals, one C (8/9) and two CH (lo/13 and 11/12). The assignment of the 

two methylene carbon signals is proven by an NOE-difference experiment 

(establishing the spatial proximity between H-3/5 and the methyl protons) 

and a subsequent HC COSY spectrum correlating the proton and carbon peaks. 

Slight line-broading of the C-3/5 signal is visible already at room tempe- 

rature. At 193 K all carbon signals (except those of C-4 and C-11/12) are 

split into two. The fact that the C-4 signal does not show any change is 

another indication that the ground state conformations are apparently 

enantiomers. It is interesting to inspect the magnitudes of carbon signal 

splittings: methyl signals 0.2 ppm; C-l/C-7 4.1 ppm, C-8/C-9 7.1 PPm and 

C-3/C-5 10.2 ppm. Obviously, these differences can be rationalized in 
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terms of existing or absent a-gauche-fragments so that we conclude that 

there is one extra-gauche-fragment for one single carbon within each pair 

of atoms C-l/C-7, C-3/C-5 and C-8/C-9, whereas there is 

methyls. 

Fig. 1: NMFl spectra of 1 at different temperatures; left: 1Ii 
ed by "+" belongs to acetone-ds, “x” to water.), right 1°C; 
see footnotes to tables. 

none for the 

(signal mark- 
for solvents 
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The temperature-dependent NMR spectra of 2 and 5 with four- and five- 

membered Spiro-rings, respectively, are analogous to those of 1 and allow 

the same interpretation. We assume that corresponding results would emerge 

for 3 and 4. 

Fig. 2: Stereoprojection of 1 

Me 

Me 

All above structure arguments deduced from the NMR spectra can be com- 

bined to establish the chiral ground state conformations of 1; Fig. 2 

shows one of the enantiomers. It should be noted that this structure was 

first estimated from a Dreiding model and then subjected to energy minimi- 

zation by MM2 calculations. Preliminary nine-membered ring endocyclic tor- 

sional angles (averaged from three calculations using different starting 

geometries; deviations: 1.60 or less) are l-2-3-4: -112.30, 2-3-4-5: 

+60.9", 3-4-5-6: +74.20, 4-5-6-7: -87.10, 5-6-7-8: -50.80, 6-7-8-9: 

t108.50, 7-8-9-I: t3.70 , 8-9-I-2: -94.70 and 9-l-2-3: t95.70. A refinement 

of force-field calculations for this and other conformers is currently 

under investigationc. 

In this conformer C-5 has two gauche-partners (C-8 and S-2), whereas 

there is one for C-3 (S-6). C-7 has one such gauche-partner (C-4), but 

there is none for C-l. C-8 has one gauche-partner (C-5), but there is none 

for C-9. Finally, no gauche-fragment exists involving any of the methyl 

groups except those with one gauche-sulfur atom for each. 

The conformational interconversion barrier of 1 is 47.9 (kl) kJ/mOl 

(estimated718 from the C-117 and C-3/5 signals for coalescence tempera- 

tures 243 K and 263 K, respectively). The barriers in the spiro-deriva- 

tives 2 and 5 are similar to that in 1. These high barriers are surpris- 

ing, since it has been reported that the 1H signals of the parent bicyclic 

compound (without substituents of C-4) do not show any coalescence even on 

cooling down to 173 K9, i.e. the barrier in this compound must be signifi- 

cantly lower than 40 kJ/mol. Although we are not able to identify the 
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transition state for the ring interconversion (we suspect, it might be a 

complex sequence of several conformers), it is obvious that severe steric 

congestion of the bicyclic ring system and the substituents at C-4 during 

ring inversion is responsible for the high barrier. 

Bxpemimemtal Part 

NMR spectra were recorded on a Bruker AM-400 spectrometer (400.1 MHz 'Ii 

and 100.6 MHz 1zC) using a 5 mm dual probe head. The samples were 0.4 mo- 

lar in acetone-d6 for 1, 2 and 5 and in CDCl, for 3 and 4. Chemical shifts 

were referenced to solvent signals; 1H: acetone-ds, 8 = 2.04 and CHC13, 6 

= 7.24; I'C: central peaks of acetone-d6 6 = 29.8 and CDCl3 8 = 77.0. For 

DEPT, NOE-difference and HC COSY experiments standard Bruker software was 

used. IR spectra were obtained from a IR-M80 Specord (Zeiss Jena) spectro- 

photometer in nujol or HCB mulls, mass spectra from a Varian CH7 spectro- 

meter (70 eV). Melting points were determined on a Boetius micro heating 

table and are therefore corrected. Elemental analyses were carried out 

with a Perkin-Elmer 240 instrument. 

Starting materials: ditosylate of 2,2-bis(hydroxymethyl)propanel", l,l- 

bis(iodomethyl)cyclobutane", 3,3-bis(iodomethyl)oxetanelz, 3,3-bis(iodo- 

methyl)thietanelJ and 1,1-bis(bromomethyl)cyclopentanell were obtained ac- 

cording to the described procedures. 

General synthetic procedure for the preparation of 1 - 5: 

1,2-bis(mercaptomethyl)benzene (2 mmol) was added to sodium ethoxide (4 

mmol) in 250 ml of abs. EtOH, and the mixture was stirred and refluxed for 

0.5 h under argon atmosphere. A solution of the appropriate l,l-bis(halo- 

genomethyl)alkane (2 mmol) in abs. EtOH was added dropwise over a period 

of 1 h. Stirring and refluxing was continued for 3 h, the solvent was re- 

moved under reduced pressure, and 50 ml CC14 was added to the residue. In- 

soluble salts were separated by filtration, and the filtrate was washed 

with 10% aqueous NaOH, then with water and dried over MgSO4. After remov- 

ing the solvent the residue was chromatographed on silica gel using CClr 

as eluent. Compounds were purified by crystallization from HeOH and subli- 

mation in vacua. 

1: Yield: 30%. M.p. 74-760. IR: 3045, 3002, 2960, 2944, 2904, 1488, 

1448, 896, 768, 672 cm-l. MS m/z (rel. intensity): 238 (Mt., 40%), 135 

(CsH7S+, 82%), 134 (cIHlOsZ+, 48%), 104 (CaHs+, 100%)14. Anal. Calcd. for 

ClJHltlS2 : C, 65.49; H, 7.61. Found: C, 65.62; H, 7.43. 
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2: Yield: 38%. H.p. 85-860. IR: 3040, 3016, 2976, 2960, 2928, 1488, 

1460, 832, 768, 668 cm-l. MS m/z (rel. intensity): 250 (M+., 456), 146 

(CCHlOSZ+, 32%), 135 (CaHrS, lOO%), 104 (Co&+, 98%). Anal. Calcd. for 

C14H18S2 : C, 67.15; ii, 7.24. Found: C, 67.42; H, 7.36. 

3: Yield: 43%. M.p. 141-142O. IR: 3032, 3000, 2928, 2912, 2864, 1488, 

1448, 976, 840, 784, 664 cm-l. MS m/z (rel. intensity): 252 (l4+., 30%), 

149 (cIH9082+, 3%), 135 (CaH7S, 58%), 104 (CaHn+, 100%). Anal. Calcd. for 

ClrHl6CS2: C, 61.87; H, 6.40. Found: C, 61.61; H, 6.29. 

4: Yield: 41%. t4.p. 111-1130. IR: 3056, 3008, 2968, 2928, 2848, 1488, 

1460, 896, 776, 668 cm-l. MS m/z (rel. intensity): 268 (Mt., 35%), 164 

(CsHe.S3+, 3%), 135 (CrH7S, 52%), 104 (CrHe+, 100%). Anal. Calcd. for 

Cl3Hl6S3: C, 58.16; H, 6.01. Found: C, 58.27; H, 6.19. 

5: Yield: 35%. M.p. 95-960. IR: 3045, 3010, 2952, 2864, 1488, 1448, 

852, 792, 656 cm-l. MS m/z (rel. intensity): 264 (M+., 42%), 160 

(C7H12S2+, 61%), 135 (CeH7S, 95%), 104 (CaHa+, 100%). Anal. Calcd. for 

ClSH2OS2: C, 68.13; H, 7.62. Found: C, 67.87; H, 7.90. 

Table 1: 1H chemical shifts of 1 - 5. 

Temp 
IKI 

H-1/7 H-3/5 H-a/a' H-10 to H-13 

300 

193 

300 

193 

300 

300 

295 

185 

3.80 2.38 0.91 7.20 - 7.30 

4.2113.53" 2.8612.74 1.00 7.18 - 7.31 
4.01/3.70 2.OOl1.82 0.70 7.35 - 7.45 

3.80 2.63= 1.60 - 1.80 7.16 - 7.30 

4.1613.56 3.21/2.92 1.30 - 1.87 7.12 - 7.28 
4.0213.70 2.52/1.98 multiplets 7.31 - 7.40 

3.75 2.86= 4.25 7.24 

3.73 2.79= 2.82 7.24 

3.84 2.51= 1.38 - 1.58 7.20 - 7.28 

4.2413.55 2.9712.91 1.00 - 1.78 7.15 - 7.29 
4.0613.72 2.0911.96 multiplets 7.31 - 7.40 

Recorded at 400.1 MHz; solvents: 1, 2 
3 and 4: CDClr . 

Values connected by "/" belong to AB- 

Already broadened at this temperature 

and 5: acetone-d6, 

or AX-pairs. 

due to coalescence. 
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Table 2: 13C chemical shifts of 1 - 5.1b 

Temp C-l/V C-3/5= C-4 C-a/a' C-B/B' c-a/9= c-10/13 c-11/12 
CKI 

1 300 

193 

a 300 

193 

3 300 

4 300 

5 295 

185 

34.8 42.1 

35.8 46.0 
31.7 35.8 

34.0 40.1 

34.8 44.0 
31.6 35.2 

34.5 37.5 

34.3 39.6 

34.3 40.3 

35.5 44.1 
31.8 34.4 

37.1 

36.7 

44.8 

44.6 

45.9 

48.9 

50.1 

50.0 

27.5 139.9 130.8 128.2 

27.1 136.1 131.1 127.9 
26.9 143.1 129.9 127.9 

31.3 13.7 139.3 130.3 121.7 

31.4 14.0 136.1 131.1 128.0 
30.9 142.8 130.0 127.9 

80.2 131.8 130.0 128.0 

34.6 131.9 129.9 127.9 

31.8 24.3 139.4 130.3 127.1 

37.8 24.4 136.2 131.1 127.9 
37.3 24.1 143.0 130.0 127.9 

l Recorded at 100.6 MHz; solvents: 1, 2 and 5: acetone-ds, 3 and 4: 
CDC13. 

b The signals of C-315 and C-819 are already broadened at room 
temperature due to coalescence. 

c In the low-temperature spectra the top value corresponds to the first 
carbon (C-l, C-3, C-8, respectively), the bottom values to the second 
(C-7, C-5, C-9, respectively). Analogous assignments are not pO66ible 
for the remaining signal pair6 (C-a/a', C-R/R', C-10/13 and C-11112). 
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