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Table I. 1H NMR Chemical Shift and Coupling Constant Data 
6 (ppm) J (Hz) 

compd H-2 H-3 H-4 H-5 H-5/ C(CHa)2 OCHs J2.a J3.4 Jib J4,w Jtip 

2' 4.72 4.62 4.31 1.25,1.29,1.35 (X2) 5.6 3.2 
3' 4.75 4.46 4.02 1.28,1.36 7.2 

66 4.66 4.80 4.10-4.46 1.32,1.46 5.8 3.2 
7 4.87 4.59 3.97 1.38,1.46 
8 C  4.82 4.70 4.40 4.27 1.36,1.38 1.9 4.5 7.1 11.2 
9 4.73 4.12 3.01 2.80 2.69 1.39,1.63 3.80 7.2 5.8 4.0 2.6 5.1 
10 4.72 3.80 2.83 2.52 2.29 1.37,1.64 3.80 6.8 8.7 6.1 5.0 1.5 
1 Id 4.67 4.64 4.12 4.35 1.40,1.50 4.9 0.6 4.5 
12e 4.66 4.45 3.84-3.90 4.4 1.2 
16 4.78 4.07 3.00 2.81 2.72 1.40,1.62 3.80 6.9 6.4 3.9 2.5 5.1 
17 4.73 3.88 2.86 2.42 2.23 1.38,1.64 3.80 7.1 8.5 6.4 5.3 1.5 
lBd 4.69 4.77 4.24 4.63 4.39 1.39,1.46 4.6 4.2 6.0 8.3 11.3 
19* 4.62 4.57 4.15 4.07 3.89 4.0 3.1 6.3 8.0 11.4 

56 4.60 4.79 4.27 3.89 1.30,l.U 5.9 3.7 

0 Resonances for H-6, H-6' appeared at 3.71 and 4.11 ppm (for 2), and 3.69 and 3.78 ppm (for 3). Resonances for H-1 appeared at 5.42 
ppm, 512 < 0.5 Hz (for S), and 6.14, J l , 2  < 0.5 Hz (for 6). e It showed a singlet (3 H) at 2.47 ppm due to the CHsCfi. It showed a singlet 
(3H) at 2.10 ppm due to CH3C0. * Recorded in 2Hz0. 

Table 11. 1F NMR Chemical shift Data (6. DDm) 
~~~~~ 

compd C-1 C-2 C-3 C-4 C-5 C(CH3)z c(m3)2 

2* 173.5 76.1' 75.8' 80.9 75.3' 114.7,110.5 26.8,26.7, 
25.9.25.3 

3c 
6 
6 
7 
8 
9 
10 
11 
12d 
16 
17 
18 
19d 

173.2 76.5' 76.1' 79.4 70.9 
100.5 85.4 79.9 79.9 60.8 
100.7 85.0 79.90 79.4' 62.4 
174.2 76.0 76.0 79.7 60.4 
172.4 75.8' 75.64 75.2' 66.7 
169.5 75.3 78.2 50.0 43.7 
169.4 76.9 82.7 30.5 22.7 
203.6 83.4 78.6 47.5 65.1 
210.1 78.7 71.7 54.6 63.3 
169.4 76.2 77.7 49.5 45.0 
169.2 76.8 82.3 32.8 21.3 
203.3 86.0 76.4 44.5 63.7 
209.5 81.3 70.9 50.3 61.8 

114.7 
112.4 
113.4 
113.9 
114.4 
111.5 
111.4 
112.6 

111.6 
110.0 
113.0 

26.8,25.9 
25.7,24.4 
26.2,25.0 
26.5,25.5 
26.5,25.6 
26.6,25.3 
27.0,25.5 
27.5,25.9 

26.9,25.4 
26.5,25.3 
27.2,25.9 

4 Signals may be interchanged. C-6 appeared at 65.3 ppm. e C-6 
appeared at 62.5 ppm. Recorded in 2Hz0. Data for compound 4, 
see Experimental Section. 

Scheme 111. 

9 10 

I 1  12 

0 (i) NaOMe, MeOH; (ii) (NH2)&S, MeOH; (iii) KOAc, HOAc, 
DMF; (iv) 2% HCl in 2 1  THF-H20. 

the sulfur atom hockey sticks effect,?' which will operate 
in the other possible conformations. 

Thiirane ring opening and thiolactonization took place 
by heating 17 a t  reflux with KOAc in HOAcDMF. The 
5-0-acetyl-2,3-O-isopropylidene-4-thio-~-lyxono-1,4-lac- 
tone (18) was obtained in crystalline form after chro- 
matographic purification. The 13C NMR spectrum of 18 
showed the characteristic signal for the thiolactone carbon 
at  203.3 ppm. Acid removal of the acetyl and isopropyl- 

(24) Zefirov, N. s.; Blagoveshchensky, V. s.; Kazimirchik, I. V.; Surova, 
N. S. Tetrahedron 1971,27,3111. 

Scheme IV* 

17 i a  19 

(i) MezCO, HzSO4; (ii) TsC1, pyridine, CHCL (iii) NaOMe, 
MeOH; (iv) (NH2)2CS, MeOH; (v) KOAc, HOAc, DMF; (vi) 2% HCl 
in 2:l THF-H20. 

idene protecting groups of 18 afforded crystalline 4-thio- 
~-lyxono-1,4-lactone (19). The presence of a sulfur atom 
within the ring was again evidenced in the 1aC NMR 
spectrum of 19, by the large shift of the signals corre- 
sponding to the carbons bonded to sulfur (6c.1209.5 and 

The synthetic routes described herein constitute effi- 
cient procedures for the preparation of aldono-1,4-thi- 
olactones having D-fibo (12) and L-lyxo (19) configurations 
[the overall yield for 12 was 20% from 1 (37% from 7), 
and for 19,32% from 131. This methodology can also be 
applied to the synthesis of other aldopentonothiolactones 
having different configurations. 

6c.r 50.3). 

Experimental Section 
General Procedures. Melting points were determined in a 

Thomas-Hoover apparatus and are uncorrected. Optical rota- 
tions were measured with a Perkin-Elmer 141 polarimeter. 1H 
NMR spectra were determined with a Varian XL-100 or a Bruker 
500 spectrometer at 100 or 500 MHz, respectively. 18C NMR 
spectra were recorded with a Varian XL-100 at  25.2 MHz. Unless 
otherwise indicated the spectra were determined in CDCh 
solutions and with tetramethylsilane (0.00 ppm) as an internal 
reference. Signal assignments for the lSC NMR spectra were 
made on the basis of selective heteronuclear decoupling exper- 
iments. Data are shown in Tables I and 11. Analytical thin-layer 
chromatography (TLC) was performed on 0.25-mm silica gel 60 
F m  (Merck) aluminum-supported plates with A, EtOAc; B, 1:l 
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hexane-EtOAc; C, 3:l toluene-EtOAc; and D, 6 1  hexane-EtOAc. 
Detection was affected by exposure to UV light or charring with 
10% H&O4 (v/v) in EtOH. Column chromatography was 
performed on silica gel 60 (230-400 Mesh, Merck). The following 
solvents were distilled before use: MeOH (from IJMg), THF 
(from Na/benzophenone), acetone (from KMnO4 and KzCOs), 
and acetic acid% (from AczO and CrOs). DMF was purified by 
sequential drying% with 3-A molecular sieves and distillation. 
The GC-MS of the TMS derivatives of 12 and 19 were performed 
with a Varian Aerograph 1400 chromatograph coupled to a mass 
spectrometer Varian MAT CH7 A (70 eV), employing a SP-2330 
column. 
2,3-O-Isopropylidene-~-gulono-l,4-lactone (3). Compound 

3 was prepared from ~-gulono-l,4-lactone (1) via the 2,35,6-di- 
O-isopropylidene-~-gdono-1,4-lactone (2) as previously de- 
scribed." 

2,3-OIsopropylidene-a-~-lyxose (5). To a solution of com- 
pound 3 (2.28 g, 10.4 mmol) in water (28 mL) was added a 1 M 
solution of aqueous NaI04 (10.5 "01). After 20 min of stirring 
in the dark at room temperature, the starting material 3 (R10.32, 
solvent A) was not detected by TLC. The solution was freeze- 
dried and the residue extracted with CHzClz and concentrated. 
The homogeneous (Rf 0.57, solvent A) syrupy product obtained, 
characterized as 3,4-O-isopropylidene-~-arabinuronic acid 
2,5-lactone (4,1.94 g, 99% yield) showed to be a mixture of the 
aldehyde and its hydrated form: l3C NMR (CDCW aldehyde 6 
195.0 (C-5, CHO), 174.8 (C-1),114.1 (CMeZ), 81.2 (C-4),76.4,76.2 
(C-2,3), 26.7, 25.7 (C(CH3)z); hydrated form S (inter alia) 173.4 
(C-1), 114.9 (CMe2), 88.7 (CH(0H)z). 

To a solution of crude 4 (124 mg, 0.57 "01) in ethanol (5 mL) 
was added NaBH4 (22 mg, 0.58 mmol). After 40 min of stirring 
at 0 "C, monitoring by TLC showed the formation of a single 
spot (RfO.55, solvent A) slower moving than 4. The solution was 
made neutral by addition of 10% aqueous HOAc and then 
Concentrated. The residue was filtered through a short column 
of silica gel with 1:l hexane-EtOAc as solvent, affording 5 (66 
mg, 62%): mp 78-80 'C (lit.16 mp 80-82 'C for the enantiomer). 

1,5-Di- Oacetyl-2,3- Oisopropylidene-a-clyxofuranose (6). 
Acetylation of 5 (35 mg, 0.18 mmol) with acetic anhydride (0.5 
mL) and pyridine (0.5 mL) for 2 h afforded, after evaporation, 
compound 6 (42 mg, 84% yield) which had mp 47-49 'C; [a]D 
-53.4' (c 1.1, CHCls) (lit.16 mp 48-50 'c; [a ]D  +59.5' for the 
enantiomer). 

2,3- OIsopropylidene-L-lyxono- 1,a-lactone (7). The crude 
aldehyde derivative 4 (1.94 g) was dissolved in methanol (16 mL) 
containing a trace of bromocresol green. To this solution was 
added NaBHsCN (1.7 g, 26 mmol), and the yellow color (pH 4) 
was maintained by dropwise addition of 0.4 N methanolic HC1. 
After 6 h of stirring at room temperature, the solution was 
concentrated. The residue was extracted with CH2C12, and the 
extract was washed with saturated aqueous NaC1, dried (MgSO,), 
and concentrated. The resulting syrupy product (R10.51, solvent 
A) was purified by flash chromatography (3:l hexane-EtOAc). 
Compound 7 crystallized from hexane-EtOAc (1.46 g, 74%); 
recrystallized from the same solvent it gave mp 96-98 OC, [ a l ~  
-85' (c 1.1, acetone). The analogous derivative in the D series 
had17mp99-100 'C, [a1~+106', andll8mp 88-93 OC, [ a I ~ + 1 0 8 ~ .  
Anal. Calcd for C&lzOs: C, 51.06; H, 6.43. Found C, 50.90; H, 
6.27. 

2,3- 0-Isopropylidene-5- O(ptolylsulfonyl)-~-lyxono-1,4- 
lactone (8). (A) To a solution of 7 (0.70 g, 3.70 mmol) in dry 
pyridine was added tosyl chloride (1.50 g, 7.90 mmol). The 
mixture was kept at 0 "C for 24 h and then poured into ice-water 
to yield compound 8 as a chromatographically homogeneous solid 
(R, 0.56, solvent B), which was recrystallized from EtOH (0.76 
g, 60 %). After recrystallization from the same solvent, 8 had mp 
121-123 "C; [ a ] ~  -66.8' (c 0.4, CHCU. Anal. Calcd for 
ClaHlsO,S C, 52.62; H, 5.29. Found C, 52.47; H, 5.24. 
(B) To a stirring solution of 7 (0.96 g, 5.1 mmol) in dry CHCla 

(5 mL), cooled at 0 OC, were added pyridine (0.82 mL, 10.1 mmol) 
and toeyl chloride (1.44 g, 7.6 mmol). After 4 h of stirring at 0 
OC was added water (5 mL) dropwise, and the stirring was 
maintained for 0.5 h. The mixture was diluted with CHzCl2 (60 
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mL) and it was successively washed with 2 N aqueous HC1, 
saturated aqueous NaHCOs, and water. The organic extract was 
dried (MgSO4) and concentrated. Compound 8 crystallized upon 
addition of EtOH (1.36 g, 78%); it showed the same physical 
constants as those described in A. 

Methyl 4,5-epoxy-2,3-O-isopropylidene-~-lyxonate (9). 
Compound 8 was added to a stirring solution prepared by 
dissolving sodium (40 mg) in anhydrous methanol (6.5 mL). After 
20 min of stirring at room temperature, a single spot, migrating 
faster than 8 (Rf 0.60, solvent B) was detected by TLC. 
Evaporation of the solvent afforded a residue which was extracted 
with ether. The extract was concentrated and the resulting syrup 
diseolved in hexane and fiitered. Upon evaporation of the solvent, 
compound 9 was obtainedas a chromatographically homogeneous 
oil (0.30 g, 85%): [ a ] ~  -13.1' (c 1.1, CHCh). Anal. Calcd for 

Methyl 4,5-Dideoxy-4,5-epithio-2,3-O-isopropylidene-~- 
ribonate (10). To a stirring solution of 9 (0.13 g, 0.64 mmol) in 
anhydrous methanol (7.7 mL) was added thiourea (83 mg, 1.1 
mmol). After 48 h of stirring at room temperature, TLC showed 
asingle spot (R10.74, solvent C). The solution was concentrated, 
and the resulting residue was treated as described for 9, to afford 
compound 10 as a clear oil (0.13 g, 93%): [a]D -84.4' (c 1.2, 
CHCls). Anal. Calcd for CsH1404S: C, 49.52; H, 6.46; S, 14.60. 
Found: C, 49.64; H, 6.36; S, 14.82. 

5- O-Acetyl-2,3- 0-isopropylidene-4-thio-D-ribono- 1,4-lac- 
tone (11). Compound 10 (0.16 g, 0.73 mmol) was dissolved in 
a mixture of anhydrous DMF (6 mL), glacial HOAc (6 mL), and 
KOAc (0.75 g, 7.6 mmol). The solution was heated at the reflux 
temperature for 16 h, under nitrogen, when a main spot (Rf 0.50, 
solvent C) was detected by TLC. The reaction mixture was 
diluted with CHzClz (60 mL) and washed with aqueous KOAc 
and water. The organic extract was dried (MgSO,) and con- 
centrated to a syrup, which was chromatographed using 5:l 
hexane-EtOAc. From the column, unreacted starting 10 (24 mg) 
was recovered, and the fractions containing the product of Rf 
0.50 were pooled and evaporated affording the thiolactone 11 
(0.11g,70% yield,basedonreacted 10); [a]D+23.5' (c l.l,CHCl& 
Anal. Calcd for C1&1406s: C, 48.77; H, 5.73. Found: C, 48.50; 
H, 5.56. 
4-Thio-~-ribono-1,4-lactone (12). Compound 11 (165 mg, 

0.67 mmol) dissolved in a mixture of THF (5 mL) and6 % aqueous 
HCl (2.5 mL) was stirred for 16 h at room temperature. 
Evaporation afforded a clear oil, which was filtered through a 
silica gel column with EtOAc as eluent. Fractions containing 
the product of 40.22 (solvent A) were evaporated, and compound 
12 slowly crystallized upon standing (95 mg, 86%). It had mp 
112-114 'C; [ a ] ~  +60.3' (c 0.9, methanol). Anal. Calcd for 

S, 19.51. 
Compound 12 was conventionally silylated with Sylon HTP. 

The GC-MS of the silylated derivative was performed: MS m/z  
(re1 inten) 380 (0.6), 365 ( l l ) ,  290 (6), 262 (13), 260 (ll), 219 (lo), 
218 (40), 217 (41), 204 (8), 191 (9), 147 (41), 146 (14), 133 (13), 
103 (16), 75 (131, 74 ( l l ) ,  73 (100). 
2,3-OIsopropyl~dene-5-O-(ptolylsulfonyl)-~-~bono- 1,4- 

lactone (15). To a solution of 2,3-0-isopropylidene-~-ribono- 
1,4-lactoneZ7 (14,3.0 g, 15.9 mmol) in pyridine (2.6 mL, 32 mmol) 
and CHCls (16 mL) was added tosyl chloride (4.57 g, 24 mmol) 
at 0 'C. The mixture was stirred for 6 h a t  0 "C, when water was 
added dropwise, and the stirring was maintained for 0.5 h. TLC 
examination showed a single spot of R, 0.71 (solvent A). The 
product was isolated as described for 8, method B, affording a 
syrup, which crystallized upon addition of methanol (4.8 g, 88%); 
mp 116-118 "C; [(Y]D-15.5' (c  2.4, acetone) (lit.% mp 117.5-118 

Methyl 4,5-0pOXy-2,3-OiSOpropylidene-D-ribonate (16). It 
was prepared as described for 9, starting from 15 (0.67 g, 1.9 
mmol). Compound 16 was obtained as a syrup (0.36 g, 93%), 

Methyl 4,5-Dideoxy-4,5-epithio-2,3-O-isopropylidene-~- 
lyxonate (17). To a solution of 16 (0.12 g, 0.6 mmol) in dry 

C9H1405: C, 53.45; H, 6.98. Found: C, 53.22; H, 6.98. 

CsHeO4S: C, 36.58; H, 4.91; S, 19.53. Found C, 37.03; H, 5.19; 

OC, [a]D -15.8'). 

[ a ] ~  -10.7' (C 4.7, CHCls) (lit.% [ a ] ~  -11.7'). 

(25) Orton, K. J. P.; Bradfield, A. E. J. Chem. SOC. 1927, 983. 
(26) Burfeld, D. R.; Smithers, R. H. J. Org. Chem. 1978,43, 3966. 

(27) Kandil, A. A.; Slessor, K. N. J. Og.  Chem. 1985,50, 5649. 
(28) Hough, L.; Jones, J. K. N.; Mitchell, 13. L. Can. J. Chem. 1958, 

(29) Hoffmann, R. W.; Ladner, W. Chem. Ber. 1983,116, 1631. 
36, 1720. 
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methanol (8 mL) was added thiourea (92 mg, 1.2 "01). The 
solution was stirred for 48 h at room temperature, when TLC 
showed a single spot (Rr0.65, solvent C). The residue was treated 
as described for 9, to afford compound 10 as a clear oil (0.12 g, 

49.52; H, 6.46. Found C, 49.46; H, 6.19. 
5- OAcetyl-2,3- Oisopropylidene-4-tho-~-lyxono- 1,dlac- 

tone (18). Compound 17 (0.20 g, 0.9 mmol) was dissolved in a 
mixture of DMF (7 mL), HOAc (7 mL), and KOAc (0.9 g, 9.1 
mmol) and refluxed, under nitrogen, for 18 h. TLC showed a 
main spot (Rf 0.52, solvent C) which was isolated and purified 
(column chromatography with 5:l  hexane-EtOAc) as described 
for 11. The thiolactone 18 (0.14 g, 57%) gave mp 56-58 'C, [a]D 
-114' (c 1, CHCU. Anal. Calcd for C&rO&: C, 48.77; H, 
5.73; S, 13.02. Found C, 48.96; H, 5.63; S, 13.36. 
4-Thio-~-lyxono-l,4-lactone (19). Compound 18 (0.30 g, 1.2 

mmol) was dissolved in a mixture of THF (9 mL) and 6% HC1 
(4.5 mL), and the resulting solution was stirred for 18 h at  room 
temperature. The reaction mixture, which showed by TLC a 
main spot of Rf0.26 (solvent A), was concentrated. The resulting 

88% 1; [a]D-84.4' (c 1.2, CHCh). And. Calcd for C&&& C, 

Varela and Zunszain 

syrup was purified through a short column of silicagelwithEtOAc 
as eluent. Upon evaporation of the solvent, crystalline 19 (0.17 
g, 86%) was obtained. After recrystallization from acetone, 19 
gave mp 146-148 'c; [a]D -136' (c 1, methanol). And. Calcd 
for C&O& C, 36.58; H, 4.91; S, 19.53. Found C, 36.71; H, 
4.71; S, 19.49. 

Compound 19 was conventionally silylated with Sylon HTP. 
The GC-MS of the silylated derivative was performed MS mlz 
(re1 inten) 380 (3), 365 (33), 290 ( l l ) ,  262 (26), 219 (18), 218 (68), 
217 (loo), 204 (16), 191 ( l l ) ,  147 (41), 146 (14), 133 (111,103 (7), 
75 (4), 73 (47). 
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Axial-equatorial conformational proportions have been measured for 2-substituted cyclohexanones 
in chloroform by the Eliel method for F, C1, Br, I, MeO, MeS, Me2N, MeSe, and Me. For the first 
seven of these, at least five experimentally independent measurables were used and the resulting 
conformational preferences appear to be accurate to within 10 % . Systematic errors degraded the 
results for MeSe and Me. For Me2N, the conformational preference also was measured for the first 
time at  slow exchange in the low-temperature 13C spectrum in several solvents. In chloroform, steric 
and polar effects contribute to the conformational preferences, with steric effects dominant for large 
groups such as I and MeS. 

The conformational analysis of six-membered rings has 
provided the foundation for modern stereochemistry. 
Investigations of the factors that determine conformational 
preferences of Substituents on saturated six-membered 
rings (A values) have enriched our understanding of how 
atoms and functional groups interact with hydrocarbon 
fragments.2 The introduction of unsaturation into the 
ring has a profound effect on conformational properties. 
An endocyclic double bond changes the fundamental 
conformational family from chair to half-chair: and the 
interactions of substituents at the 3 and 4 positions respond 
to the new steric milieu. An exocyclic double bond may 
be illustrated by either the exomethylene group (C=CH2) 
or the carbonyl group (C=O), and substituents may be 
introduced at the 2,3, or 4 positions. We have previously 
studied in depth the case of the 3-substituted exomethylene 
systema4 Herein we provide a comprehensive study of 
2-substituted cyclohexanones in an effort to understand 
how polar and nonpolar substituents interact with the 
carbonyl group. 

There are significant differences between the ring shapes 
of cyclohexane and cyclohexanone. Whereas the C-C-C 
angle is 1 1 1 O  in cyclohexane,6 it is about 116O for the 
C-(CO)-C portion in cyclohexanone.6 The Cl-C2 bond 
length of 1.510 A and the C 2 4 3  bond length of 1.545 A 
in cyclohexanone compare with 1.530 A in cyclohexane.6 
These differences cause the carbonyl portion of cyclo- 
hexanone to be flattened in comparison with cyclohexane. 
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The barrier to rotation about a C(sp3)-C(sp2) bond as in 
cyclohexanone is generally lower than that about a C(sp3)- 
C(sp3) bond. The more flattened ring and the lower barrier 
cause ring reversal, the process that interconverta axial 
and equatorial positions, to be more rapid for cyclo- 
hexanone than for cyclohexane. For this reason it is more 
difficult with cyclohexanones to obtain slow-exchange 
NMR spectra, which provide distinct resonances for axial 
and equatorial groups. The barrier typically is 10 kcal 
mol-l for cyclohexanes and 5 kcal mol-l for cyclohex- 
anones? To date, there are no examples of conformational 
populations measured directly at slow exchange for 
substituted cyclohexanones, whereas the experiment is 
commonplace for cyclohexanes. 

The conformational preference of a monosubstituted 
cyclohexane is determined largely by the interaction of 
the substituent with the syn-axial protons and the carbons 
to which the latter are attached. For 2-substituted 
cyclohexanones, such interactions still are important, but 
in addition the interaction of the substituent with the 
carbonyl group must be taken into consideration, eq 1.For 

4 M0 -6 0 

2 

a nonpolar substituent X, there are simple nonbonded 
interactions with the carbonyl group, which are clearly 
larger in the equatorial conformation. Such interactions, 
first recognized for alkyl groups by Robins and Walkere 
and later referred to as the 2-alkyl ketone effect? proved 
to be relatively small. Polar interactions have proved to 
be more important (except with alkyl substituents). The 
dipole of an equatorial, electronegative substituent is 
nearly parallel to that of the carbonyl group and results 

~~ ~ 

(7) Bucourt, R. Top. Stereochem. 1974,8, 159-224. 
(8) Robins, R. A.; Walker, J. J. Chem. SOC. 1951, 1789-1790. 
(9) AUinger, N. L.; Blatta, H. M.; Freiberg, L. A.; Karkowski, F. M. 

J.  Am. Chem. SOC. 1966, 88, 2999-3011. Also Bee, ref 6, pp 112-113. 
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in a repulsive interaction, whereas that of an axial, 
electronegative substituent is approximately orthogonal 
to that of the carbonyl group and results in little 
interaction. An equatorial arrangement thus is repulsive 
and should decrease the dipole of the carbonyl group. 
Reduction in the dipolar contribution to the resonance 
hybrid in fact is documented by a 20-cm-1 increase in the 
carbonyl stretching frequency.6 

The interaction between a 2  substituent and the carbonyl 
group also may be described in terms of the generalized 
anomeric effect or hyperconjugation.lo A number of orbital 
interactions have been suggested, such as donation of 
electrons from the C-X u bond or from the lone pairs on 
X to the u* or ?r* orbital of the carbonyl group.11J2 These 
interactions may be exemplified by the valence bond 
structures of eq 2. The orbitals are aligned for better 

A A- 

Basso et al. 

Table I. Axial Percentages of 2-Substituted 
Cyclohexanones 

X solvent 1H (6) 1H (J) infrared ultraviolet 
F cyclohexane 56" 300 

cc4 340 340 
CHC& 24O 13O 
1,4-dioxane 200 23O 

cc4 72' 65O 
CHC& 56O 490 
1,a-dioxane W 36' 26b 37b 

Br cyclohexane 87O 890 46' 
cc4 84a 87a 74= 
CHCla 790 700 68' 
1,4-dioxane 700 6Q 57' 

I hexane 95d 
OCDa CHaCN 2oa 
SCHa CHCh 7Of 
CH3 CDCla ge 
Pan, Y.-H.; Stothers, J. B. Can. J. Chem. 1967,45,2943-2963. 

Allinger, N. L.; Allinger, J.; Freiberg, L. A.; Czaja, R. F.; LeBel, N. 
A. J. Am. Chem. SOC. 1960,82,6876-6882. Allinger, J.; Allinger, N. 
L. Tetrahedron 1968,2,64-74. Cantacuzene, J.; Jantzen, R.; Ricard, 
D. Tetrahedron 1972,28,717-734. e Reference 34. f Wadislaw, B.; 
Viertler, H.; Olivato, P. R.; Calegao, I. C. C.; Pardini, V. L.; Rittner, 
R. J.  Chem. SOC., Perkin Trans. 2,1980,463-466.8 Abraham, R. J.; 
Chadwick, D. J.; Griffiths, L.; Saneassan, F. J. Am. Chem. SOC. 1980, 
102,5128-5130. 

C1 cyclohexane 770 700 736 63b 

bx c-c 6" 
overlap in the axial conformation, so that orbital consid- 
erations favor the axial form. 

There have been numerous studies aimed a t  determining 
the conformational preferences of 2-substituted cyclo- 
hexanones. The importance of solvent is clear from these 
studies. Irrespective of whether dipole-dipole or orbital 
interactions provide the dominant factor, the more-polar 
equatorial form is favored by increased polarity of the 
solvent. Methods to determine axial/equatorial equilib- 
rium constants include isomer equilibration, dipole mo- 
menta, infrared, ultraviolet, and proton NMR spec- 
troscopies. When the time scale of observation is relatively 
long, the two forms equilibrate and render measurements 
of distinct conformations impossible. Allinger and 
Allingerl3 introduced the use of the 4-tert-butyl group to 
bias conformational forms. A 2-X-4-tert-butylcyclohex- 
anone exists in two forms (eq 3),which may be equilibrated 

by a suitable base. Provided that the tert-butyl group 
does not perturb the system, such equilibration experi- 
menta can provide conformational preferences. Alterna- 
tively, a physical property may be measured separately 
for the two tert-butyl isomers and compared with that for 
the simple 2-substituted system of eq 1. The property for 
the simple system should be intermediate between those 
for the two conformational extremes of eq 1, and the precise 
value is determined by the mole fractions N, as in eq 4 for 

(4) 

a general property R. If the unmeasurable R,  and R,  for 
eq 1 can be approximated by the measurable values for 
the distinct isomers of eq 3, the conformer populations 
N ,  and Nw may be calculated from eq 5 and the fact that 

(10) Kirby, A. J. The Anomeric Effect and Related Stereoelectronic 
Effects at Oxygen; Springer-Verb Berlin, 1983; pp 20-23. 

(11) Eisemtein, 0.; Anh, N. T.; Jean, Y.; Devaquet, A.; CantacuzBne, 
J.; Salem, L. Tetrahedron 1974, 30, 1717-1723. 

(12) Loudet, M.; Metras, F.; Petrieeans, J.; Pfieter-Guillouzo, G. J. 
Mol. Struct. 1971,29, 263-276. 

(13)  Allinger, N. L.; Allinger, J. J.  Am. Chem. SOC. 1918, 80, 5476- 
5480. 

R - R ,  
N, = 

RaX-R, 
(5) 

N, + N, = 1. This approach is attributed to Elie16J4 and 
was first applied to cyclohexanones by Garbisch.16 

We have gathered in Table I some previous spectroscopic 
determinations of conformational preferences of 2-sub- 
stituted cyclohexanones. The pronounced solvent effect 
clearly supports the importance of a polar component to 
the substituent-carbonyl interaction. The objectives of 
this study were to apply high-field proton techniques to 
the problem, to use carbon-13 resonances to determine 
conformational preferences, and to obtain slow-exchange 
spectra for the direct measurement of the preferences. 

Results 
All the monosubstituted cyclohexanones were known 

compounds, but some of our syntheses were novel and all 
are described in the Experimental Section. For each 
%-substituent but one, we prepared the monosubstituted 
molecule (eq 1) and the 4-tert-butyl systems in both cis 
and trans stereochemistries (eq 3). In some cases the two 
stereoisomers were obtained separately, in others as binary 
mixtures. It was not necessary to separate the two isomers 
of eq 3 in order to obtain their spectral parameters as 
models for those of the pure 2-axial and 2-equatorial forms. 
In this study, the X groups of eq 1 and 3 were H (1, 121, 
F (2,131, C1(3,14), Br (4, 16), I(5,16), OMe (6,171, SMe 
(7, 181, SeMe (8, 191, NMe2 (9,201, Me (10,21), and tert- 
Bu (11, 22) (for each case, the first compound number 
refers to the monosubstituted systems of eq 1 and the 
second number to the tert-butyl systems of eq 3; the latter 
are further distinguished as the 2-axial or 2-equatorial 
isomer, i.e., 12a, 120). Spectral assignments of the 
2-protons were unambiguous by inspection except for the 
hydrocarbons (X = Me, tert-Bu). In the latter cases 
assignments were assisted by HETCOR spectra (two 

(14) Eliel, E. L. Chem. Ind. 1959,568. 
(15) Garbiech, E. W., Jr. J.  Am. Chem. SOC. 1964, 86, 1780-1782. 


