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Abstract. The conformational preference of the diphenylphosphinoyl group at the alpha position in the thiane ring
was estimated by low temperature NMR, AG?,,, =+ 0.46 + 0.11 kcal/mol, and at 50°C, via chemical equilibration
of anancomeric models, AGg,, = - 0.26 + 0.10 kcal/mol. These thermodynamic data allowed the estimation of the
enthalpic and entropic contributions to the axial === equatorial conformational equilibrium of 2-(diphenyl-
phosphinoyl)thiane, AH® = + 1.29 + 0.12 kcal/mol, and AS® = + 4.8 + 0.7 cal/K-mol. Comparison of the enthalpic
S-C-P(O) anomeric effect in the thiane and 1,3-dithiane systems. 2.68 versus 3.39 kcal/mol, respectively, leads to
the conclusion that no additivity of the S-C-P(O) anomeric effect takes
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INTRODUCTION
The appearance of several recent reviews dealing with the origin and consequences of the anomeric effect
provides evidence of the continuous attention given to this important conformational effect "In this respect, the

conformational behavior of 2-(diphenylphosphinoyl)-1,3-dithiane (1, Figure 1) has been extensively studied during

the last fifteen years, owing in part to its importance regarding the existence of second- and lower-row anomeric

interactions.”
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1, X=Y=§; 2 X=CH, Y=S§; 10, X=Y=CH,

" Dedicated to Professor William E. McEwen on the occasion of his 75th birthday.
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I'rom the substantial predominance of 1-ax at equilibrium, K = 0.2; AGge, = + 1.0 kcal/mol, the magnitude
. 3 vy . .
of the anomeric effect in 1 could be estimated at 2.64 kcal/mol.” Nevertheless, dithiane 1 contains two S-C-P

segments, and one relevant question is whether the anomeric interaction in each segment is worth one half of the
total anomeric effect, i.e. ca. 1.34 kcal/mol.

The aim of this work was to determine the extent of the anomeric effect in the tetrahydrothiopyran (thiane)
analogue 2 (Figure 1), in order to ascertain whether or not it amounts to half the anomeric effect encountered in

dithiane 1.

RESULTS AND DISCUSSION

Preparation of 2-Diphenylphosphinoyltetrahydrothiopyran (2).
According to the procedure of Vedejs, er al.”™* thiane oxide 3 was metallated with n- -butyllithium in dry

IHF ar -78°C, and then treated with chlorodiphenylphosphine to give the desired phosphine, trans-4 in 82 % yield
(Scheme 1). Oxidation of trans-4 with 3 % aqueous H,0, at ambient temperature” afforded the corresponding phosphine
oxide, trans-5, in 86 % yield (Scheme 1). Finally, the method described by Palumbo, er al.’ (BF 3 Et,0O/Nal) was

employed in order to reduce sulfoxide frans-5 to 2-diphenylphosphinoyltetrahydrothiopyran (2) in good yield (Scheme 1).

Scheme 1
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3 trans-4 (82 %) trans-5 (86 %) 2 (86 %)

Cis- and trans-2-(Diphenylphosphinoyl)-4-t-butyltetrahydrothiopyran (cis- and trans-9).

The conformationally fixed (anancomeric®) derivatives of thiane S-oxide 3 were used t synthesize cis- and

trans-9. the anancomeric models for axial and equatorial phosphinoy! derivatives 2 (Schem he oxidation of
i - . . 7 .
4-t-butyltetrahydrothiopyran (6) with 11,0, according to the method of Johnson' afforded a 35:65 mixture of

~ el A1l

conformationally fixed cis- and frans-7, respectively.” (Scheme 2). The mixiure of diastereomeric suifoxides cis-
and rrans-7 was metallated with LDA in dry THF at -78°C, and then treated with chlorodiphenylphosphine to give
the mixture of phosphines, which was oxidized with 3% aqueous H,0, at room temperaturc to afford the

corresponding mixture of phosphine oxides 8 in quantitative yield. Finally, the method of Palumbo. er al.)’

=

(BF;.Lt,O/Nal) was employed in order to reduce the mixture of sulfoxides to cis- and frans-2-(diphenyl-

I'he equilibrium constant for the 2-ax === 2-eq conformational process (Figure 1) was measured from

. . 31 q .

integrations of >’P NMR spectra (109.5 MHz) in THF-d; at temperatures below the coalescence temperature. At 183 K;
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Scheme 2
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The substantial predominance of the axial conformer 2-ax contrasts strongly with the large predominance of

equatorial (diphenylphosphinoyl)cyclohexane 10-eq’ (AGj3 = - 2.74 kcal/mol, Figure 1), and is an additional

manifestation of the strong anomeric effect in $-C-P segments.>*!"
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phosphinoyl)cyclohexane and the heterocycie of interest,'! the anomeric effect operative in 2-(diphenyl-
phosphinoyl)tetrahydrothiopyran (2) is estlmated at + 0.53 - (-2.74) = 3.27 kcal/mol. A well recognized discrepancy
in evaluating the anomeric effect in this way'? is that the steric requirement of a group at the 2-position is
ignificantly smaller (because of the lon
r-butyl group as a model for the diphenylphosphinoyl group (bui unable o act as an accepior component in an
anomeric interaction) molecular mechanics calculations show that the AG°(2-t-butyl) in tetrahydrothiopyran is
about 71 % of AG®(t-butyl) in cyclohex.ame.l3 Thus, the anomeric effect in 2 can be estimated as 0.46 + (0.71 x
2.74) = 2.40 keal/mol."*

By comparison of the anomeric effect in tetrahydrothiopyran 2 (one S-C-P segment; anomeric effect worth
ca. 2.40 kcal/mol) with that in 2-(diphenylphosphinoyl)-1,3-dithiane 1 (rwo S-C-P segments; anomeric effect worth

ca. 2.64 keal/mol’) one may conclude that there exists a “saturation™ of the effect.'®

Chemical FEquilibration of Anancomeric cis- and trans-2-(Diphenylphosphinoyl)-4-t-butyltetrahydrothiopyran
(cis-9 == trans-9).

Quantitative determination of the conformational free energy difference of the a- dlphenvlphosphmovl group
catalysis at 50°C (rlgure 2). Equilibrium was reached from both sides and integration of the ¢-butyl signais in 'H
NMR spectra, as well as IP NMR signals, afforded a 60:40 cis-9:trans-9 ratio; i.c.. K = 1.5 and AG, =-0.26 £
0.10 kcal/mol (Figure 2).
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In order to evaluate the magnitude of the anomeric effect in this equilibrium it was again important to
compare with the 4-value of the diphenylphosphinoyl group,9 correcting for the structural differences between the
cyclohexane and thiane rings as described above. Thus, the magnitude of the anomeric effect is estimated as -0.26 +
(0.71 x 2.74) = 1.69 kcal/mol

Enthalpic Anomeric Effect in a-(Diphenylphosphinoyl)tetrahydrothiopyran.
The substantial difference in AG® values at T = 173 K (AG®° =+ 0.46 + 0.11 kcal/mol, Figure 2) and T =

23 K (AG® = -0.26  0.10 kcal/mol, Figure 2) suggests a sizeable entropy effect. Indeed, the above temperature

(%)

dependence corresponds to AS® =+ 4.8 + 0.7 cal/K-mol and AH® =+ 1.29 £ 0.12 kcal/mol.
i TIPS T | I T St TP S LNyt L ST s oS PRSI B valise vathos
In this respect, Booth, et al., " have stressed that in studies of the anomeric effect it is the AH® values, rather

than the TAS°-dependent AG®° values, that correlate with the steric. polar and/or stereoelectronic origins of
relevance. In the system under examination, the present results confirm the existence of a large enthalpic S-C-P(O)
anomeric effect in 2: AH°(2-ax == 2-¢q) - AH°(10-ax == 10-eq) = + 1.29 - (0.71 x -1.96) = 2.68 kcal/mol.

This enthalpy term tfavoring axial over equatorial 2-(diphenylphosphinoyl)thiane overcomes the entropic

contribution (the equatorial conformer being of higher emropy”} t low temperature, AG.5, = + 0.46 kcal/mol, but

not at ambient or higher temperature, AGj,,, = - 0.26 kcal/mol, when the TAS® term becomes dominant.

The magnitude of the enthalpic S-C-P(O) anomeric effect found in 2-(diphenylphosphinoyl)thiane 2 is
significantly larger than half of that determined in 2-(diphenylphosphinoyl)-1.3-dithiane 1: 2.68 kcal/mol and
14(3.39 kecal/mol), respectively. This result is contrary to expectation if additivity of the conformational effect was

operative: i.e.. the enthalpic anomeric effect in 1 would be anticipated as twice that observed in 2, 2 x 2.68 == 5.36 kcal/mol.

EXPERIMENTAL SECTION
General. Flasks, stirring bars, and hypodermic needles used for the generation and reaction of organolithiums were
dried for ca. 12 h at 120°C and allowed to cool in a dessicator over anhydrous CaSO,. Anhydrous solvents were
obtained by distillation from benzophenone ketyl.'® The n-butyllithium employed was titrated according to the
method of Juaristi, er al.'’

TLC: Merck-DC-F,s, plates; detection by UV light. Flash column chromatography:"lD Merck silica gel
(0.040-0.063 nm). Melting points: Mel-Temp apparatus; not corrected. 'H RMN spectra: JEOL PMX-60 (60 MHz).
JEOL GSX-270 (270 MHz) and JEOL Eclipse (400 MHz) spectrometers. °C NMR spectra: JEOL FX-90Q (22.50
MHz). JEOL GSX-270 (67.8 MHz) and JEOL Eclipse (100 Miiz). *'P NMR spectra: JEOL GSX-270 (109.25
MHz) and JEOL Eclipse (161.83 MHz). Chemical shifts (3) in ppm downfield from internal TMS reference ( 'H and
3 NMR spectra) and external H;PO, reference ( 3'p NMR spectra); the coupling constants (J) are given in Hz.
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2-(Diphenylphosphinoyl)tetrahydrothiopyran (2). To a cooled (-78°C) of tetrahydrothiopyran S-oxide 0.47 g (4.0
mmol) in dry THF (30-mL) was added 2.63 mL (0.25 g, 3.9 mmol) of n-butyllithium 2.5 M in hexane. The resulting
solution was stirred at -78°C for 15 min and then was added dropwise via cannula to 2 mL (2.45 g, 11 mmol) of
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chiorodiphenylphosphine in dry THF (15 mL) at -78°C, with a nitrogen atmosphere throughout. The reaction
mixture was stirred at -78°C for 2 h and at room temperature for 1 h, before quenching with 5.0 mL of saturated
aqueous NH4Cl and then 5 mL of water, and extracted with CH,Cl, (2 x 50 mL). The combined organic extracts
were dried over anhydrous Na,S8O, and concentrated in a rotary evaporator. The crude product was purified by flash
chromatography (ethyl acetate/hexane, 9:1) to give 987 mg (82 % yieid) of the frans-2-(diphenyiphosphinyi)-
tetrahydrothiopyran S-oxide as a white solid, mp 110-111.5°C (it.* mp 110-111°C). To a solution of the
diphenylphosphinyl derivative (200 mg, 0.66 mmol) in acetone (15 mL) was added dropwise a solution of 3 %
aqueous H,0, (26.8 mg, 0.79 mmol). The reaction mixture was stirred at room temperature for 2 h, then extracted
with CH,CI, (2 x 25 mL). The organic ilayers were washed with saturated aqueous NaCl solution (50 mL), dried
over Na,SO,. and the solvent was removed under reduced pressure. The crude product was purified by flash
chromatography (ethyl acetate) to give 181 mg (86.1 % yield) of the trans-2-(diphenylphosphinoyl)-
tetrahydrothiopyran S-oxide as a white solid, mp 189°C (it.* mp 179-181°C). Finally, a magnetically-stirred
solution of the frans-2-(diphenylphosphinoyltetrahydrothiopyran S-oxide (300 mg, 1.1 mmol) and sodium iodide
(840 mg. 5.6 mmol) in anhydrous acetone (100 mL) was cooled in an ice bath, and freshly destilled boron
trifluoride etherate (0.7 mL, 5.6 mmol) was added drowise. The reaction mixture was stirred at 0°C for 30 min, then
poured into water (20 mi.) and extracted with ether (3 x 25 mL). The combined organic cxtracts were washed with 5
N aqueous sodium thiosulfate (25 mL), water (25 mL), dried over Na,SO, and evaporated under reduced pressure.
The crude product was purified by fiash chromatography (ethyl acetate/hexane, 8:2) affording 2 (186 mg. 86 %
yleld) as a white solid, mp 171.5-172°C (lit.* mp 159-162°C).

H NMR (270 MHz, LULI3) 8 1.35-1.50 (m, 1H), 1.65-2.05 (m, 4H), 2.12-2.30
2.93 (m. 1H), 3.50 (dt. 1, = 9.9 HZ, Jyyp = 6.6 H2, Jyuepe = 2.64 Hz, 1H), 7.44-7
NMR (67.8 MHz, CDCl;) 6 25.2 (d, j‘SSHZ) 26.5,29.3 (d. J;55Hz) 39.3 (d,
Hz), 1285 (d, J=14.3 Hz), 131.3 (d, J = 8.8 Hz), 131.9 (d, J = 3.3 Hz). Slp (
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cis- and trans-2-(Diphenylphosphinoyl)-4-r-butyltetrahydrothiopyran (cis- and trans-9). The mixture of
sulfoxides cis- and trans-7 (3.36 g, 19.3 mmol)7 was metallated with T.DA and treated with 4.68 g (21.2 mmol) of
chlorodiphenylphosphine according to the procedure described above for the preparation of 2. Similar procedure for
oxidation of the phosphinyl group and for the reduction of the sulfinyl group was subsequently used. The crude
product was purified by flash chromatography (ethyl acetate/hexane, 3:2) to give 2 g (29.2 % yield) of the less polar
isomer. identified as frans-9 as a white solid with mp 213.5-215°C, and 2.8 g (40.8 % yield) of the more polar

G A

isomer, identified as cis-9 as a white solid, 183-184°C.

cis-9
l T
H NMR (270 MHz, CDCl;) 6 0.79 (s, 9H), 1.05-1.15 (m, 1H), 1.24-1.57 (m, 2H). 2.03-2.14 (m, 1H), 2.37-2.53 (m,
1H). 2.70-2.78 (m. 2H). 3.58 (dq, Tyyp = 18.7 Hz, Iy, = 12.5 He, Jguuepe = 2.6 Hz, 1H), 7.43-7.59 (m, 6H), 7.81-7.94
p .13 p - “ S _ N _ . _
(m. 4H). "C NMR (67.8 MHz, CDCl;) 6 27.3,27.8 (d, 1 =2.2 Hz), 28.1,30.9 (d, J = 8.8 Hz), 33.1,42.0 (d. ] = 70.5
z). 48.2(d,J=11.0 Hz), 128.3 (d, J = 14.3 Hz), 128.5 (d, J = 154 Hz), 1314 (d. ] = 8.8 Hz), 132.0(d. =33
Iy D NMD 11N 98 MLT> COTYCT Y S 2D 1
nL} O INIVIN L IUT.20 VI 1L, \.J.Jbl}} L O 0 DA O
Elemental analysis, Caled. for C, H,,OPS: C, 70.36; H, 7.59. Found: C, 70.17; H, 7.73
trans-9
'H NMR (270 MHz, CDCl;) 8 0.67 (s, 9H), 1.24-1.42 (m, 1H), 1.54-1.92 (m, 2H), 2.08-2.24 (m, 2H), 2.39-2.53 (m,

111‘) 7.46 (s, 6H), 7.77-7.94 (m, 4H). °C NMR (67.8 MHz, CDCl;) 5 26.7,

5 J=70.5Hz), 415, 1283 (d, J =11.0 Hz), 128.4 (d, J = 11.0 Hz), 1309((1]"88
8 Hz). 31p NM ,(10925 MHz, CDCl;) 8 33.4.
I:lememal alysis, Caled. for C,,H,,OPS: C, 70.36; H, 7.59. Found: C, 70.65; H, 7.75.
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Method of Equilibration of Diasiereomers cis-9 == frans-9. Equilibrium was approached from both sides;
PR | SRR, TR B ne tlaa Andalerad Flaee #lifc amica oo AOAN o o ab o sl 14
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dicanlved in 4 mT oF nf‘v\nnn]:n endinnm athavida Tha ammnla wac caalad and smmarcad in o rAnctant tammasatiieas
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bath (50°C) until equilibrium reached. Quenching was effected by pouring the equilibrating solution into
aqueous HCI The thianes were then extracted with me‘bylene chloride, dried over anhydrous Na,SO,, evaporated,
and transferred into 5-mm NMR tubes for analysis

REFERENCES AND NOTES
1. (a) Juaristi, E.; Cuevas, G. Recent Studies of the Anomeric Effect; Tetrahedron Report No. 315; Tetrahedron
1992, 48, 5019-5087. (b) Thatcher, G. R. J., Ed. The Anomeric Effect and Associated Stereoelectronic Effects;
ACS Symposium Scries No. 539; American Chemical Society: Washington, D. C., 1993. (c¢) Graczyk, P. P.:
Mikolajczyk, M. Anomeric Effect: Origin and Consequences; In Topics Stereochem. 1994, 21, 159-349, (d)
Juaristi, E.; Cuevas, G. The Anomeric Effect; CRC Press: Boca Raton, FL, 1995.

-~ xr 1t T XA e T T 2 Fa e 15 A | 1 T _ a1l o) ™ 1 1 AW 4 A T ey Pal )

2. (a) luaristi, E.; Valle, L.; Mora-Uzeta, C.; Valenzuela, B. A.; Joseph-Nathan, P.; Fredrich, M. F. J Org. Chem.
1097 47 SNIL_SN2WA (k) Tharieti B2 Ualla T« Valanznala B A « Agnilar N A J Ay £Chows Chr~r 1QQL 1NQ
A70%, T/, JVIOIVI /. \U} JUGLIDUL, 1 valiv, L., Vdaivilzuvlia, 1. 1., [‘\Eullﬂu 1Ivi. Iy, J. 71 LA, OUC. 270U, 1UVO,
2000-2005. (c) Mikolajczyk, M.; Graczyk, P. P.; Wieczorek, M. W. J Org Chem. 1994 39, 1672-1693. (d)
See. also: Juaristi, E.; Cuevas, G. J. Am. Chem. Soc. 1993, 115, 1313-1316.

Juaristi, E. Hereroatom Chem. 1990, [, 267-276.

Vedejs, E.; Mastalerz, H.; Meier, G. P.; Powell, D. W..J. Org. Chem. 1981, 46, 5253-5254.

Palumbo, G.; Ferreri, C.; Caputo, R. Phosphorus and Sulfur 1983, 15, 19-21.

Anteunis, M. J. O. Conformational Analysis, Scope and Present Limitations, Academic Press: New York, 1971;
p 32. See also: Juaristi, E. Introduction to Stereochemistry and Conformational Analysis: Wiley: New York,

o bW

1Q0 -(‘L,n--on..’) - &

177 \_ﬂllapl.cl b 1). s}
7. Johnson, C. R.; McCants, Jr. D. J Am. Chem. Soc. 1965, 87, 1109-1114,
8. Van Acker, L..; Anteunis, J. O. Bull. Soc. Chim. Belg. 1977, 86, 299-308.

9. Juaristi, E.; Lopcz-NL’xﬁez, N. A,; Glass. R. S.; Petsom. A.; Hutchins, R. O.; Stercho, J. P. J. Org. Chem. 1986,
37.1357-1360.

10. Juansti, E. Acc. Chem. Res. 1989, 22, 357-364.

11. Kirby, A. J. The Anomeric Effect and Related Stereoelectronic Effects at Oxygen: Springer Verlag: Berlin, 1983.

12. Cf. Franck. R. W. Tetrahedron 1983, 39, 3251-3252.
13. Molecular mechanics calculations were performed using the MM program in the HyperChem package. Release

2 for Windows Autodesk, Inc., Sausalito, CA. 1992
14. This prou,uure applies Franck’s memoaoxogy to calculate the purely steric preference of the diphenyl-
mhacmbiiaae, vy Danaiign ~f tha stmintiieal Mo/ o L,\h.,/\,\« tlan allrgsl nimd +tha whacehinae]l oo th
lJllprlllllU_yl El\lull »cCause o1 uu: sliuLidlal ulllClUllL«Cb UCLWCCI1L UIC dll\yl il LIC PIIUD TNV Y1 gl upb LIC

resulting value for the anomeric effects are only approximate as a consequence.

15. Results in the 2-methoxytetrahydropyran and 2-methoxy-1,3-dioxane systems seem to show also a “'saturation™
of the effect: (a) Nader, F. W.; Eliel, E. L. J Am. Chem. Soc. 1970, 92, 3050-3055. (b) See, also: refs. 32-34 in
Juaristi, E.: Tapia, J.. Méndez, R. Tetrahedron 1986, 42, 1253-1264.

16. Ct.: Booth. H.; Dixon, J. M.; Khedhair, K. A.; Readshaw, S. A. Tetrahkedron 1990, 46, 1625-1652 and
references therein.

17. Observation of Dreiding models suggests that an axial dlpnmylphospnmoyl group is conformationaily

constrained to rotamers with the P=0 bond above the thiane ring, whereas an equatorial diphenylphosphinoyl
substitucnt is apparently able to fully rotate around the C(2)-P bond
DUL DSUILUCLIL 1O aypau.u!, -Y auviv v 1uil viailv alJuliu v v 4yt vu u

18. Brown H. C.; Kramer, G. W.; Levy, A. B.; Midland, M. M. ()rgamc Synthesis via Boranes; Wiley: New York

1975: p. 256.
19. Juaristi, E.; Martinez-Richa, A.; Garcia-Rivera, A.; Cruz-Sanchez, J. S. J. Org. Chem. 1983, 48, 2603-2606.
20. Sdll. W. C.; Kahn, M.; Mitra, A. J. Org. Chem. 1978, 43. 2923-2925.



