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(0.15 mole) of silver nitrate in 150 ml of anhydrous ethyl ether 
was added 14 g (0.1 mole) of dextrorotatory a-phenylethyl chloride 
(a25D +37.04°, «20D 1.5271) over a period of 1 hr. The reaction 
was conducted at room temperature for an additional 6 hr. The 
resulting mixture was filtered and the silver salts were washed with 
fresh ether. Distillation gave 13.6 g (82 % yield) of dextrorotatory 
a-phenylethyl nitrate, a25D +3.78°, «20D 1.5089, bp 60-63° (1 
mm). Anal. Calcd for C8H9NO3: C, 57.48; H, 5.43. Found: 
C, 57.63; H, 5.41. 

B. In Acetonitrile. Another 14-g sample of the dextrorotatory 
a-phenylethyl chloride (a26D +37.04°) employed in A was added to 
a solution of 25.6 g of silver nitrate in 150 ml of acetonitrile in 1 hr 
After stirring for 20 hr at room temperature, on working up, there 
was obtained 13.72 g (82% yield) of levorotatory a-phenylethyl 
nitrate, a25D -6.05°, «20D 1.5088, bp 57-59° (1 mm). Anal. 
'Calcd for C8H9NO3: C, 57.48; H, 5.43. Found: C, 57.42; 
H, 5.22. 

C. In Petroleum Ether. To a stirred suspension of 27.5 g of 
silver nitrate in 100 ml of petroleum ether (bp 35-37°) was added 
15.11 g of'levorotatory a-phenylethyl chloride, a26D —10.62°, 
«20D 1.5272, in 30 min. After 24 hr of stirring at room temperature, 
the reaction mixture was worked up. Distillation gave 16.92 g 
(95% yield) of dextrorotatory a-phenylethyl nitrate, a26D +1.63°, 
«MD 1.5089, bp 55-56° (1 mm). Anal. Calcd for C8H9NO3: 
C, 57.48; H, 5.43; N, 8.38. Found: C, 57.27; H, 5.37; N, 
8.36. 

D. In Benzene. In 30 min, 14 g of levorotatory a-phenylethyl 
chloride (a27D —35.64°, «20D 1.5271) was added to a stirred sus­
pension of 25.6 g of silver nitrate in 100 ml of benzene. After 
stirring for 6 hr at room temperature and working up there was ob­
tained 15.67 g (94% yield) of levorotatory a-phenylethyl nitrate, 
a27D -1.80°, >?2»D 1.5088. Anal. Calcd for C8H9NO3: N, 
8.38. Found: N, 8.70. 

Reaction of a-Phenylethyl Chloride with Silver Fluoroborate. 
Silver fluoroborate (1.66 g, 0.03 mole) was dissolved in 5 ml of 
acetonitrile and 2.8 g (0.02 mole) of a-phenylethyl chloride was 
added. The reaction mixture became somewhat warm and a pre-

The resolution of //-ans-cycloalkenes2,3 via platinum 
complexes containing optically active a-methyl-

benzylamine has been extended to include the use of 
platinum complexes as resolving agents for sulfoxides. 

The theoretical4 '3 and synthetic aspects5 '6 of optically 

(1) The first five papers in this series appeared under the title of 
Molecular Asymmetry of Olefins. For the previous paper in this series, 
see A. C. Cope, et al, J. Am. Chem. Soc, 88, 761 (1966). 

(2) A. C. Cope, C. R. Ganellin, H. W. Johnson, Jr., T. V. Van Auken, 
and H. J. S. Winkler, ibid., 85, 3276 (1963). 

(3) A. C. Cope, K. Banholzer, H. Keller, B. A. Pawson, J. Whang, and 
H. J. S. Winkler, ibid., 87, 3644 (1965). 

(4) R. L. Shriner, R. Adams, and C. S. Marvel, "Organic Chemistry," 
Vol. 1, H. Gilman, Ed., 2nd ed, John Wiley and Sons, Inc., New York, 
N. Y., 1943, p 421. 

cipitate formed. After 45 min at room temperature, ice was added 
and when it had melted the solution was ether extracted. The 
extracts were dried over anhydrous magnesium sulfate and con­
centrated, and the residue was distilled. Thirty per cent (0.83 g) 
of the a-phenylethyl chloride was recovered. Following this, 0.51 
g (45 % yield) of a liquid, bp 120-125° (1 mm), was obtained which, 
on seeding with N-a-phenylethylacetamide, crystallized, mp 76-77°. 
Authentic N-a-phenylethylacetamide, prepared according to 
Gotze,31 had mp 75.6-76.5°. 

Reaction of r-Butyl Chloride with Silver Nitrite.32 To 79 g of 
silver nitrite in 200 ml of acetonitrile at 0°, 46.3 g of f-butyl chloride 
was added dropwise, with stirring, over a period of 2 hr. A pre­
cipitate formed at once; after 3 hr at 0° the system was allowed to 
come to room temperature. Finally, after 1 more day, the silver 
salts were isolated and the filtrate was distilled. This gave 10 g 
(17% yield) of N-r-butylacetamide, mp 99-100°. 

The Solubility of Silver Nitrate in Organic Solvents.8 Silver 
nitrate (20.0 g) was extracted6 with cyclohexane for 5 days at 18-20° 
(ca. 40 ml of fresh solvent every 5 min). There was no loss in 
weight for the thimble and the sodium bromide test for silver5 

was negative. A duplicate experiment using anhydrous ethyl 
ether again showed that no silver nitrate had dissolved. However, 
when 23.0 g of silver nitrate was extracted with benzene (5 days, 
18-20°, ca. 40 ml of fresh solvent every 5 min) it was found that 24 
mg of silver nitrate had been extracted. 
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(31) J. Gotze, Ber., 71, 2290 (1938). 
(32) B. Taub, Ph.D. Thesis, Purdue University, June 1952, p 107. 

active sulfoxides are well known. Until recently, the 
only methods available for the preparation of optically 
active sulfoxides have been the oxidation of the cor­
responding sulfide with an optically active peracid7 and 

(5) K. Mislow, M. M. Green, P. Laur, J. T. Melillo, T. Simmons, and 
A. L. Ternay, Jr. ,/ . Am. Chem. Soc, 87, 1958 (1965). 

(6) (a) K. K. Andersen, J. Org. Chem., 29, 1953 (1964); (b) K. K. 
Andersen, W. Gaffield, N. E. Papanikolaou, J. W. Foley, and R. I. 
Perkins, / . Am. Chem. Soc, 86, 5637 (1964); (c) K. K. Andersen, 
Tetrahedron Letters, 93 (1962). 

(7) (a) A. Maccioni, F. Montanari, M. Secci, and M. Tramontini, 
ibid., 607 (1961); (b) K. Balenovic, I. Bregovec, D. Francetic, I. Monko-
vic, and V. Tomasic, Chem. Ind. (London), 469 (1961); (c) A. Mayr, 
F. Montanari, and M. Tramontini, Gazz. Chim. Ital., 90, 739 (1960); 
(d) K. Balenovic, N. Bregant, and D. Francetic, Tetrahedron Letters, 20 
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Abstract: Resolution of ethyl p-tolyl sulfoxide has been accomplished via platinum complexes containing optically 
active a-methylbenzylamine. Fractional crystallization to constant rotation of the complex containing (+)-a-meth-
ylbenzylamine afforded (+)-/ra«i-dichloro(ethyl p-tolyl sulfoxide)(a-methylbenzylamine)platinum(II) (la), [a]25D 
+ 84.7°. In a similar manner, the complex containing (—)-a-methylbenzylamine afforded (—)-/ra«j-dichloro(ethyl 
p-tolyl sulfoxide)(a-methylbenzylamine)platinum(II) (2a), [a]25D — 84.6°. Decomposition of the enantiomeric com­
plexes with aqueous sodium cyanide afforded optically active ethyl p-to\y\ sulfoxide, [a]25D —203.6° and [a]25D 
+203.2°, respectively. 
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resolution by means of an acidic or basic group present 
in the structure8 or by means of a fermentation tech­
nique.9 In general the optical yields in these reactions 
are poor. Andersen6 has developed an asymmetric 
synthesis of sulfoxides, based on the reaction of an 
optically active sulfinate ester with a Grignard reagent, 
which gives high optical purity. The chemical racemi-
zation of optically active sulfoxides has also been re­
ported.10 This paper reports the resolution of ethyl 
/?-tolyl sulfoxide via the complex ( + or —)-trans-
dichloro(ethyl p-to\y\ sulfoxide)(a-methylbenzylamine)-
platinum(Il). 

The formation of dimethyl sulfoxide-transition metal 
complexes is well known.11-13 Dichlorobis(dimethyl 
sulfoxide)platinum(II) has been prepared as well as 
other similar compounds.11 However, no report of 
a platinum complex containing both a sulfoxide and an 
amine ligand was found. 

For the resolution of ethyl p-to\y\ sulfoxide, trans-
dichloro(ethyl /Kolyl sulfoxide)(a:-methylbenzylamine)-
platinum(II)14 was prepared according to the procedure 
previously described for the preparation of the platinum 
complex of rrarcs-cyclooctene.2,15 Treatment of ( + 

PtCl2(C2H4)(RNH2) + R1SOR2 — > 
PtCl2(R1SOR2)(RNH2) + H 2 C=CH 2 

la, lb and 2a, 2b 

R1SOR2 = C2H6SOC6H4CH3-P 

or — )-/A-a«5-dichloro(ethylene)(a-methylbenzylamine)-
platinum(II) with ethyl^-tolyl sulfoxide effected displace­
ment of ethylene in a slow reaction and afforded the 
corresponding sulfoxide-amine-platinum complexes la, 
lb and 2a, 2b. 

When (+)-a-methylbenzylamine was used, the reac­
tion mixture contained the diastereoisomeric trans-
dichloro[( — )-ethyl/?-tolyl sulfoxide][(+)-a-methylbenz-
ylamine]platinum(II) (la) and r/-a«s-dichloro[(+)-ethyl 
p-tolylsulfoxide][(+)-a-methylbenzylamine]platinum(II) 
(lb). Fractional crystallization of these complexes 
from methylene chloride-benzene-pentane afforded 
complex la as the less soluble isomer, [Q:]25D +84.70 .16 

A similar pair of diastereoisomers was obtained with 
( — )-a-methylbenzylamine; the less soluble isomer was 
//•a«s-dichloro[(+)-ethyl p-to\y\ sulfoxide][( —)-a-meth-
ylbenzylamine]platinum(II) (2a), [a]23D -84.6°.1 4 

Complexes la and 2a were decomposed with aqueous 
sodium cyanide solution as previously described.2 

Distillation of the sulfoxide obtained on decomposition 
of complex la gave ( —)-ethyl /j-tolyl sulfoxide, [a]25D 

(I960); (e) M. Janczewski and T. Bartnik, Bull. Acad. Polon. Sci. Ser. 
ScI. Chim., 10, 271 (1962); (f) K. Mislow, M. M. Green, and M. Raban, 
J. Am. Chem. Soc, 87, 2761 (1965). 

(8) P. W. B. Harrison, J. Ken yon, and H. Phillips, / . Chem. Soc, 2079 
(1926). 

(9) R. M. Dodson, N. Newman, and H. M. Tsuchiya,/. Org. Chem., 
27, 2707 (1962). 

(10) K. Mislow, T. Simmons, J. T. Melillo, and A. L. Ternay, Jr., 
J. Am. Chem. Soc, 86, 1452 (1964). 

(11) (a) F. A. Cotton, R. Francis, and W. D. Horrocks, Jr., 7. Phys. 
Chem., 64, 1534 (I960); (b) F. A. Cotton and R. Francis, J. Am. 
Chem. Soc, 82, 2986 (1960). 

(12) V. Krishan and C. Patel, J. Inorg. Nucl. Chem., 26, 2201 (1964). 
(13) H. J. Backer and K. J. Keuning, Rec. Trav. Chim., S3,798 (1934). 
(14) The amine and sulfoxide ligands are believed to have a trans 

relationship in the square-planar platinum complex by analogy to trans-
dichloro(<ra«i-cyclooctene)(a-methylbenzylamine)platinum(II).2 

(15) The asterisk above the amine indicates that (+ or — )-a-methyl-
benzylamine was used. 

(16) The complexes la and 2a were recrystallized to constant rotation 
and were pure diastereoisomers according to this criterion. 

— 203.6°. Decomposition of complex 2a gave (+ ) -
ethyl p-to\y\ sulfoxide, [a]25D +203.2°. (-)-Ethyl 
p-tolyl sulfoxide was found to be optically stable to the 
conditions employed for the liberation from the 
platinum complex. The nuclear magnetic resonance 
spectrum of the ( —)-sulfoxide was in agreement with 
that reported3 for (+)-ethyl p-io\y\ sulfoxide. The 
( + and — )-sulfoxides had identical solution infrared 
spectra; both spectra were identical with the spectrum 
of racemic ethyl p-to\y\ sulfoxide. 

The resolved platinum complexes la and 2a also had 
identical infrared spectra. In the infrared spectrum of 
ethyl p-to\y\ sulfoxide, the sulfur-oxygen stretching 
frequency occurs at 1050 cm - 1 ; in the platinum com­
plex this was shifted to 1110 cirr1. A similar shift for 
dichlorobis(dimethyl sulfoxide)platinum(II) has been 
reported.111 On the basis of the direction of the shift, 
it has been suggested11" that the platinum atom was 
bound to the sulfur atom rather than to the oxygen 
atom. 

(+)-Ethyl p-io\y\ sulfoxide, prepared by asymmetric 
synthesis, had [a]26D +18606c and [«]D +187.5°. ' 
The absolute configuration about the sulfur atom in this 
sulfoxide has been assigned as (R).'* 

Experimental Section17 

Ethyl p-Tolyl Sulfoxide. Ethyl /j-tolyl sulfide18 (15.2 g, 0.10 
mole) was oxidized with sodium metaperiodate according to the 
procedure of Leonard and Johnson.19 The sulfoxide, bp 104.0-
105.5° (0.4 mm) (lit bp 94° (0.4 mm)5 and bp 123-126° (1.5 mm)fc), 
was obtained in 70% yield. 

(+)-/ra/ji-Dichloro(ethyl /7-tolyl sulfoxide)(a-methylbenzyIamine)-
platinum(II) (la). To a cooled solution of 30 g (0.072 mole) of 
( + )-rra«j-dichloro(ethylene)(a-methylbenzylamine)platinum(II)2'20 

in 100 ml of methylene chloride was added a cooled solution of 12.1 g 
(0.072 mole) of ethyl p-tolyl sulfoxide in 30 ml of methylene chlo­
ride. The solution was allowed to stand for 36 hr. After removal 
of the solvent at reduced pressure, a viscous, orange oil was ob­
tained. Fractional crystallization of the diastereoisomers from 
benzene-pentane afforded yellow crystals. Additional fractions 
were obtained by similar treatment of the mother liquor. These 
fractions were recrystallized by dissolution in the minimum amount 
of methylene chloride and addition of an equal volume of benzene, 
followed by addition of a sufficient amount of pentane to bring the 
solution to the cloud point. Complex la (7.43 g, 37%) thus ob­
tained had mp 186-195° dec. After four recrystallizations, com­
plex la had [a]25

678 +89.9°, [a]25
b46 +105.7°, H=5D +85.1° (<• 

1.39, methylene chloride); after eight recrystallizations, [a]2i;,78 

+ 89.2°, [a]25
546 +103.9°, [a]25D +84.7= (c 0.51, methylene chlo­

ride). 

Anal. Calcd for CnH23Cl2NOPtS: C, 36.75; H, 4.17; Cl, 
12.76; N, 2.52; Pt, 35.14; S, 5.77. Found: C, 36.98; H, 4.13; 
Cl, 12.62; N, 2.33; Pt, 35.92; S, 5.77. 

(— )-rra«j-Dichloro(ethyl p-tolyl sulfoxide)(a-methy Ibenzy lamine)-
platinum(II) (2a). A cooled solution of 41.5 g (0.10 mole) of 
(— )-rra«i-dichloro(ethylene)(o-methylbenzylamine)platinum( U)2-2' 
in 130 ml of methylene chloride was treated with a cooled solution 
of 16.8 g (0.10 mole) of ethyl p-tolyl sulfoxide in 37 ml of methylene 
chloride and the reaction mixture was allowed to stand for 36 hr. 
The solvent was removed at reduced pressure and the diastereo­
isomers were separated by fractional crystallization as described 
above for complex la. Complex 2a (1.51 g, 5%), mp 194-196° 
dec, had [a]25

578 -87 .2° , [a]25
5« -102.3° , and [a]25D -82 .7° 

(17) Optical rotations were measured with a Zeiss photoelectric pre­
cision polarimeter. The rotations measured at 546.1 and 577.8 m/i w ere 
used to calculate the value at the sodium D line (589.2 m^). Melting 
points were taken on a Kofler hot stage; boiling points are uncorrected. 
Analyses were performed by Dr. S. M. Nagy. 

(18) Eastman Organic Chemicals. 
(19) N. J. Leonard and C. R. Johnson,/. Org. Chem., 27, 282 (1962). 
(20) The (+)-a-methylbenzylamine used in the preparation of this 

complex had W24D +39.58° (neat, d2s
4 0.9528). 

(21) The (-)-a-methylbenzylamine used in the preparation of this 
complex had W25D -37.71° (neat, d"-'i 0.9528). 
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(c 2.38, methylene chloride) after four recrystallizations; after 
seven recrystallizations, [a]26

678 -87.8°, [a]26
646 -101.5°, [a]2BD 

-83.5° (c 1.35, methylene chloride); and after ten recrystalliza­
tions the rotation was [a]26

678 -89.0°, [a]2i
hiB -103.4°, [a]26D 

- 84.6 ° (c 1.32, methylene chloride). The solution infrared spectra 
(chloroform) of complexes la and 2a were identical. 

Anal. Calcd for CnH23Cl2NOPtS: C, 36.75; H, 4.17; Cl, 
12.76; N, 2.52; Pt, 35.14; S, 5.77. Found: C, 36.83; H, 
4.13; Cl, 12.59; N, 2.63; Pt, 34.75; S, 5.72. 

(-)-Ethyl />-Tolyl Sulfoxide. A solution of 6.0 g (0.011 mole) 
of (+)-;ra«.s-dichloro(ethyI p-tolyl sulfoxide)(a-methylbenzyl-
amine)platinum(II) (la) in 120 ml of methylene chloride was 
treated with 120 ml of a 10% aqueous sodium cyanide solution as 
described previously.2 The reaction mixture was worked up as 
described and the solvent was removed at reduced pressure. Dis­
tillation of the resulting yellow oil gave 1.27 g (70%) of ( —)-
ethyl p-tolyl sulfoxide, bp 76-77° (0.01 mm), [a]25

578 -214.5°, 

Proton magnetic resonance (pmr) spectra of alcohols 
are known to show spin-spin coupling between 

hydroxyl and carbinol protons, provided there is an 
extremely low concentration (<10~ 5 M) of acids or 
bases which catalyze O - H proton exchange. It is 
generally more difficult to observe this coupling in 
nonpolar solvents1 than in polar ones which can donate 
an electron pair to the hydroxyl group.2 It is reason­
able to presume3 that hydrogen bond formation in­
creases the O - H proton lifetime on a single molecule 
sufficiently to permit splitting of its resonance signal to 
be observed. 

Dimethyl sulfoxide (DMSO) has been found to be an 
excellent solvent for the facile observation of H - C - O - H 
splitting. In D M S O Chapman and King4 have shown 
that pmr spectra of alcohols may be used for classifi­
cation purposes according to the multiplicity of the 
O - H resonance. More recently the use of D M S O 

(1) (a) J. M. Bruce and P. Knowles, Proc. Chem. Soc, 294 (1964); 
(b) J. M. Bruce and P. Knowles, J. Chem. Soc, 5900 (1965); (c) C. P. 
Rader, unpublished observations. 

(2) (a) W. G. Schneider and L. W. Reeves, Arm. N. Y. Acad. Sci., 
70, 858 (1958); (b) D. E. McGreer and M. M. Mocek,/. Chem. Educ, 
40, 358 (1963); (c) P. L. Corio, R. L. Rutledge, and J. R. Zimmerman, 
J. MoI. Spectry., 3, 592 (1959); (d) F. Hruska, T. Schaefer, and C. A. 
Reilly, Can. J. Chem., 42, 697 (1964); (c) B. Cernicki, Ber. Bunsenges. 
Physik. Chem., 69, 57 (1965). 

(3) P. L. Corio, R. L. Rutledge, and J. R. Zimmerman,/. Am. Chem. 
Soc, 80, 3163 (1958). 

(4) O. L. Chapman and R. W. King, ibid., 86, 1256 (1964). It has 
recently been reported (J. G. Traynham and G. A. Knesel, ibid., 87, 
4220 (1965)) that electronegative substituents near the OH group prevent 
the observation of carbinol-hydroxyl proton coupling. 

[a]25
646 -250.5°, and H26D -203.6° (c 0.93, acetone). The nmr 

spectrum of this material was identical with that previously de­
scribed6 for (+)-ethyl p-tolyl sulfoxide. 

Anal. Calcd for C9H12OS: C, 64.24; H, 7.19; S, 19.06. 
Found: C, 63.91; H, 7.44; S, 18.87. 

(+)-Ethyl p-Tolyl Sulfoxide. (-)-rra«i-Dichloro(ethyl p-tolyl 
sulfoxide)(a-methylbenzylamine)platinum(II) (2a) (1.0 g, 0.0018 
mole) in 20 ml of methylene chloride was treated with 20 ml of a 
10% aqueous sodium cyanide solution as described above. The 
solvent was removed under reduced pressure to give a yellow oil, 
which upon distillation gave 0.063 g (21 %) of (+)-ethyl p-tolyl 
sulfoxide, {a]™m +214.2°, [a]26

M6 +250.0°, and H25D +203.2° 
(c 0.60, acetone). The infrared spectrum of the (+)-sulfoxide 
was identical with that of the (— )-sulfoxide; both were identical 
to that of rf/-ethyl p-tolyl sulfoxide. 

Anal. Calcd for C9H12OS: C, 64.24; H, 7.19; S, 19.06. 
Found: C, 64.14; H, 7.27; S, 19.36. 

as solvent for pmr studies of O H groups of sugars has 
been reported.5 

This paper reports a study of hydroxyl proton 
chemical shifts and coupling constants for a series of 
epimeric cyclohexanols in D M S O and the structural 
correlation of these parameters. The relationship 
between vicinal coupling constants and dihedral angle 
for H - C - C - H systems is well established6 and has been 
extremely useful in conformational studies. It is 
reasonable to expect H - C - O - H coupling constants to 
vary with dihedral angle in a manner similar to that for 
H - C - C - H systems. Thus, one should be able to 
correlate the magnitude of carbinol-hydroxyl proton 
splitting with the rotational conformations of the OH 
group. These nmr results should complement pre­
vious infrared studies7 of conformational equilibria 
resulting from rotation about the C-O bond of alcohols. 

Results 

For reasons previously mentioned,4 D M S O was 
found to be a superior solvent for the study of hydroxyl 
pmr spectra of alcohols. In dilute D M S O the O H 
proton resonance occurs in the r 5.5-6.3 region, a 

(5) B. Casu, M. Reggiani, G. G. Gallo, and A. Vigevani, Tetrahedron 
Letters, 2839 (1964); (b) B. Casu, M. Reggiani, G. G. Gallo, and A. 
Vigevani, ibid., 2253 (1965). 

(6) For a recent summary see, N. L. Bhacca and D. H. Williams, 
"Applications of NMR Spectroscopy in Organic Chemistry," Holden-
Day, Inc., San Francisco, Calif., 1964, p 49. 

(7) H. S. Aaron and C. P. Rader,/. Am. Chem. Soc, 85, 3046 (1963); 
H. S. Aaron, C. P. Ferguson, and C. P. Rader, to be published. 
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Abstract: Proton magnetic resonance spectra of epimeric cyclohexanols in dimethyl sulfoxide reveal that in all 
cases the hydroxyl proton of the axial alcohol resonates at higher field than the equatorial one. The spin-spin 
coupling between the hydroxyl and carbinol protons is found to be greater for the equatorial epimer. This dif­
ference in coupling is readily related to the effect of dihedral angle upon the coupling constant and the different 
populations of rotational isomers about the C-O bond. Factors other than the relative strength of the axial and 
equatorial O-H- - -DMSO hydrogen bonds appear to influence the chemical-shift difference, since infrared data show 
cyclohexanolandeachofthe4-r-butylcyclohexanolsto form with DMSO hydrogen bonds of comparable strength. 
Further structural applications of the magnitude of the hydroxyl-carbinol proton coupling are discussed. 
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