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Abstract.- The reaction of the title carbanions with several aldehydes and
ketones to afford the corresponding ketene dithioketals was studied. It was
found that the P=0 organolithium reagent reacted with both types of carbonyl
substrates in good to excellent yields. On the other hand, the P=S reagent
reacted selectively with aldehydes although in poor yield. This contrasting
behavior can not be ascribed to a greater stability of the latter carbanion
since a ApKa measurement showed that the more stable organolithium (by

0.33 £ 0.08 pK_ units) is also the more reactive. The lower reactivity of
the P=S analog®can be explained in terms of kinetic inhibition in the for-
mation of the oxaphosphetane intermediate, and/or thermodynamic instability
of this pentacoordinated phosphorus species with sulfur (vis-a-vis oxygen)
as ligand.

Of the many organometallics employed in synthetic organic chemistry, the Wittig type reagents2
and those derived from 1,3—dithiane3 are among the most widely used. It was soon recognized that a
derivative combining both the 1,3-dithianyl and the phosphorus moieties could be useful as a pre-
cursor for ketene dithioketals (Equation l),4 which are themselves convenient intermediates in the

homologation of carbonyl compounds.5
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In this report we describe the synthesis and use of 2-diphenylphosphinoyl-1,3-dithiane (&) as
a new Wittig-Horner/Corey-Seebach reagent.6 In addition, the P=S analog 2 was studied and the
results provide new insight into the chemistry of this relatively unknown functional group.7

RESULTS AND DISCUSSION
A. Preparation of the Wittig-Horner/Corey-Seebach Reagents.
2-[1,3)Dithianyldiphenylphosphine oxide (]) was prepared from 1,3-dithiane, n-butyllithium

and chlorodiphenylphosphine' the phosphine intermediate oxidized spontaneously to ] during work-
up. Scheme I. The sulfur analog 2 was similarly prepared, although the phosphine intermediate was
now treated with an equivalent amount of elemental sulfur, prior to isolation: Scheme I. Isolated
yields of } and 2 were 40% and 42,.8%, respectively.
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B. Preliminary Reactions.

It has been shown that the PhZP group is about as carbanion-stabilizing as a p~biphenylyl
group.9 On the other hand, the conversion of a Ph2P group to Ph P(O) has a substantial acid
strengthening effect in an alpha C-H bond of ca. 7 pK units.9 Slnce the pK of 2-(p-biphenylyl)-
-1,3-dithiane is 27. 5, then the pK of Z—diphenylphosphinoyl—l 3-dithiane can be estimated as
ca. 20, Accordingly, a strong base such as n-butyllithium effected a complete conversion of ] to
its lithium derivative, Indeed, treatment of *;Li with DZO or CH3I afforded the deuterated and
methylated derivatives in >95% and 85% isolated yields, respectively (Scheme II), Similarly, the

conversion of 2 to 2-D and ZTCH3 was effected via n-Buli in >95% and 80Z, respectively (Scheme II),
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C. Reactinn of *;Li and 2-Li with Aldehydes and Ketones.

Table I summarizes the results from the reaction of *;Li and 2-L1 with several aldehydes and
ketones (Scheme I). Several points merit comment: (1) }-Li reacts both with aldehydes and ketones
to afford the corresponding ketene dithioketals in good to excellent yields, (2) R-Li reacted
selectively with aldehydes; the yields of ketene dithioketals in this case were poor.

The lower reactivity of &-Li relative to }-Li in their reaction with carbonyl compounds was
confirmed in a competition experiment in which one equivalent of ]-Li and one equivalent of 2-Li
were put to react with one equivalent of cyclohexanone; quenching of the reaction mixture with
aqueous ammonium chloride affordedl3 2-cyclohexylidene-1,3-dithiane (67%), recovered A (0.33
equivalents) and recovered 3 (1.0 equivalent) (Scheme III), That the metallated species 4-Li was
present during the competition reaction was shown by quenching with D20: &-D was then isolated in
essentially quantitative yield. This result indicates that in the reaction of Z;Li with enolizable
ketones, enolate formation is not a side reaction preventing the desired (ketenedithioketal for-
mation) pathway. (Scheme III).
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Table I. Preparation of Ketenedithioketals from the Reaction of
A-1i and 2-Li with Aldehydes and Ketones.

% Conversion (by INHRQ

Entry >:0 - < from }-Li from 2-Li
1 R1 6 55 R2 =H 80 63
2 Ri = CZHS’ R2 = H 93 33
3 R1 = n—-C6Hl3, Rz = H 93 24
4 Rl = CHS’ R2 =H 89 0
5 RI = R2 = Cﬁﬂs 68 0
& R1 2 = ((11{2)5 100 0

SCHEME III
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D. Mechanistic Considerations.

Despite the considerable effort dedicated to the elucidation of the mechanism of Wittig-type
reactions.m useful information is still being uncowa*x'ed.15 The present Wittig-Horner reaction
can be discussed in terms of a reversible formation of an oxyanion intermediate (z') that collapses
to the alkene via an oxaphosphetane intermediate (). (Scheme IV). If carbanion 2-Li were much
more stable than ,L-Li, the lower reactivity of the former toward carbonyl compounds could be ex-
plained in terms of an unfavorable first step in Scheme IV.

The determination of ApK for dithianes } and 2 was achieved by the method of Conant and
Wheland‘ ,L—D and 2-D were equilibrated with their conjugated bases, and then quenched with
aqueous HCl, The equilibrium constant was determined by integration of the proton NMR spectrum;
89K, = pE (1) - K (3) = -log {[}-L1][2-DI/[1-D}[2-L1]}. (Scheme V).
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Experimentally, ApK, = -0.33 t 0.08, ] being stronger acid than 2. This result ig in accord
with those indicating that a Ph P(O) group is slightly more electronegative than Ph P(S), and
show that the more stable carbanion A-Li is also the more reactive.

SCHEME V2
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It appears then that the higher reactivity of ]-Li is due to either steric or electronic
effects that inhibit the formation of the oxyanion () and/or oxaphosphetane (8) intermediates
with X = S, (Scheme IV), In this respect, the kinetic studies of Larsen and Aksne920 have shown
that the determining step in Wittig-Horner reactions is the formation of the pentacoordinated
intermediate (Q in this case), This oxaphosphetane adopts a trigonal bipyramidal stereostructure
with the attacking and leaving groups occupying apical positions.z1 Therefore, in § it is expected
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that the four-membered ring occupies apical-equatorial positions, and xLit (X = 0, S) an apical

orientation:
XLt
s
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With this information at hand.zo_22 it appears then reasonable that the lower reactivity of

2-Li relative to }-Li is due to (1) a greater steric congestion during the formation of the
critical oxaphosphetane (sulfur vis-a-vis oxygen), and/or (2) the trigonal bipyramid intermediate
8 is electronically more stable with X~ = 0 since this ligand has greater apicophilicity than

X = S_.23’24 In view of the long P-S bond distance, an argument based on steric congestion, i.e.

(1), is perhaps less appealing.

EXPERIMENTAL SECTION

Melting points were obtained in a Mel-Temp and/or Electrothermal melting point apparatus
with an open capillary tube.

Proton nuclear magnetic resonance (1H NMR) spectra were recorded on Varian EM-360 (60 MHz)
or Varian EM-390 (90 MHz) spectrometers. Samples were prepared as 5-10% solutions in CDCl3 with
2-5% MeQSi as internal reference in 5- or 10-mm o.d. tubes, Data are reported as follows: chemical
shift (ppm), multiplicity, coupling constant (Hz), integration. Carbon-13 NMR spectra were
recorded on Varian XL-100 (25,12 MHz) or JEOL FX-90Q (22.49 MHz) instruments operated in pulsed
Fourier transform mode and locked on solvent deuterium, Mass data were obtained on a Hewlett-
Packard 5985-A spectrometer,

Flasks, stirring bars and hypodermic needles used for the generation and reactions of organo-
lithiums were dried for ca. 12 h at 120°C and allowed to cool in a dessicator over anhydrous
calciugssulfate. Anhydrous solvents (ethers) were obtained by distillation from benzophenone
ketyl,

Microanalyses were performed by Galbraith Laboratories, Inc., Knoxville, Tenn. 37291.

2-[1,3]Dithianyldiphenylphosphine Oxide (k) was prepared according to the reported procedure.26

2-[1,3]Dithianyldiphenylphosphine Thiooxide (%). One gram of 1,3~dithiane (8.33 mmol, freshly

sublimed) was placed in a 25-mL round bottom flask provided with a rubber septum before the

addition of 20 mlL of THF under nitrogen. The flask was immersed in a carbon tetrachloride/dry ice
bath (ca. -20°C) and then 6.67 mL of 1.5 M n-BulLi in hexane (20% excess) was added. The reaction
mixture was stirred at -20°C for 1.5 h, and then treated with 2.206 g (10,0 mmol) of chlorodi-
phenylphosphine in 15 mL of THF and TMEDA (0.968 g, 8.33 mmol). The reaction mixture was stirred
at -20°C for 1.5 h and then transferred via cannula to another flask containing powdered sulfur
(0.533 g, 8.33 mmol). Stirring was continued at -20°C for 4 h, at room temperature during one
additional hour and then the reaction was quenched with saturated ammonium chloride. Extraction
with chloroform and the usual work-up procedure yielded a yellowish solid (1.32 g, 46.9% yield),
which was crystallized from methanol to afford 1.2 g (42.8%) of 4 as white crystals, mp 177-178°C.
1H NMR (90 MHz, CDCl3) 622.02 (m, 2 H), 2.68 (d of t, Jgem = 13,8 Hz, J auche ;15.A Hz, 2 H),
3.50 (m, 2 H), 4.73 (d, Jpcg=9Hz 1 H), 7.55 (m, 6 H), 8.02 (m, 4 H). P NMR (36.23 MHz,

CDC13, H3POA external reference) § 48,81, 130 NMR (22.49 MHz, CDC13) § 24,65 (s, Qﬂz(CHZS)z),
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= 52 Hz, SCHS), 128.34 (d, “Jp. = 12 Hz, meta C),

- 2'Hz, para C), ca. 131.97 (4, 2igp =

28.41 (d, 3J

lCP
131.54 (d, JCP
10 Hz, ortho C).

Anal, Calcd for C

= 4 Hz, 2 GH,S), 42.50 (4, Mg
= 80 Hz, 1pso C), ca. 131,70 (4, “Jgp

H,,PS,: C, 57.11; H, 5.09. Found: C, 57.03; H, 5.12,

16717 °3¢

Metallation of | and 2 to }-Li end 2-Li. One millimol of the dithiane (320 mg of 4 or 336 mg of
4) was placed in a 25-mL round-bottom flask provided with a rubber septum and 15 mL of THF was
added under nitrogen. The flask was immersed in a carbon tetrachloride/dry ice bath (ca. -20°C)

and then 1.05 mmol (5% excess) of n-butyllithium in hexane was added. The reaction mixture was
then stirred at -20°C for 1.5 h,

Deuteration of A-Li and %rLi to *TD and 2-D. The lithium salts of the Wittig~-Horner/Corey-Seebach

precursors were prepared as described above and transferred to flasks containing deuterium oxide

in excess. Extraction with chloroform and the usual work-up procedure yielded the deuterated
dithianes (*;D or %—D) with over 95% deuterium incorporation, as showed by integration of the
H NMR spectrum: no signal for C2—H was observed,

Alkylation of lTLi and 2-Li to &—CHq and ZFCHq- The carbanions prepared as described above were

transferred to flasks containing an equimolar amount of methyl iodide in THF. The reaction
mixture was stirred at -20°C for 1.5 h and then quenched with saturated ammonium chloride.
Extraction with ether or methylene chloride and the usual work-up procedure afforded *;CH3 and
%;CH3 in ca. 100% and 857 yields, respectively. *;CH3 was purified by preparative thin layer
chromatography (silica gel) in a chloroform/ethyl acetate (60:40) system: isolated yield = 85%;
mp = 124-126°C, 1H NMR (90 MHz, CDC13) § 1.6 (d, 3JP—CC—H= 13.5 Hz, 3 H), 2.0 (m, 2 H), 2.5
(d of t, Jgem = 14.4 Hz, Jgauche = 3,9 Hz, 2 H), 3.7 (m, 2 H), 7.3-8.0 (m, 10 H).

Anal, Calcd for C17H190P82: C, 61.05; H, 5.72. Found: C, 61,45; H, 5.87.
Z;CH3 was similarly purified by thin layer chromatography with n-hexane/ethyl acetate (90:10)
eluent, followed by crystallization from methanol to afford the desired product in 66% yield,
mp = 112-113°C. 'H MMR (90 MHz, CDCL,) 6 1.91 (d, J = 15.6 Hz, 3 H), 1.95 (m, 2 H), 2.77
(distorted t, 4 H), 7.53 (m, 6 H), 8.35 (m, 4 H).

Anal, Calcd for Cl7H19PS3: C, 58.25; H, 5.46. Found: C, 58.01; H, 5.52.

P-C-C-H

General Procedure for Wittig Reactions. The lithium reagent (*;Li or %—Li) was prepared as

described above and transferred to a flask containing an equimolar amount of the carbonyl
compound in 10-15 mL of dry THF at -20°C. The reaction mixture was stirred at this temperature
during one additional hour and then heated gently until the reaction was complete (see below).
The reaction was quenched with saturated ammonium chloride, extracted with ether or methylene
chloride, the organic layer was dried (Nazsoa) and the solvent was removed in a rotary evaporator,
The following compounds were prepared:
a) 2-ethylidene-1,3-dithiane (1.5 h from &;Li), bp = 74°C/4 mm (1lit. bp = 48-52°C/0.3 mm),

14 NMR (90 MHz, CDCL,) 6 1.81 (4, 2J = 6.6 Hz, 3 H), 2.15 (m, 2 H), 2.85 (m, 4 H), 6.0

(q, 37 = 6.6 Hz, 1 H).
b) 2-benzylidene-1,3-dithiane (2 h from }-Li), bp = 142°C/0.1 mm (lit“a bp = 142-145°C/0.1 mm);

ny = 1.6699 (lit.Ab np = 1.6793). 1H NMR (90 MHz, CDC13) §1.,93-2,26 (m, 2 H), 2.8-3.03

(m, 4 H), 6.81 (s, 1 H), 7.15-7.60 (m, 5 H).
¢) 2-n-octylidene-1,3-dithiane (4.5 h from }-Li), bp = 80°C/0.9 mm. 1H NMR (90 MHz, CDC13)

§ 0.89 (t, 3J = 6.6 Hz, 3 H), 1.1-1,52 (m, 8 H), 2-2,45 (m, 4 H), 2.7-3.0 (m, 4 H), 5.88

(t, 37 = 12.0 Hz, 1 H).

Anal, Calcd for CIIHZOSZ: C, 61.09; H, 9.31. Found: C, 60.71; H, 9.43,

d) 2-n-propylidene-1,3-dithiane (1.5 h from 4-Li), bp = 46°C/4 mm. 1H NMR (90 MHz, CDC13) § 0.99

(t, 3JviC = 6.3 Hz, 3 H), 1.95-2.4 (m, 4 H), 2,7-3.0 (m, 4 H), 5.92 (t, 3Jvic « 7.8 Hz, 1 H).

12a
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e) 2 -diphenylmethylene-1,3-dithiane (72 h from 4;Li), mp = 131- 133°C (lit.27 mp = 134,.5~135°C).
Iy mm (90 MHz, CDCl3) § 2,10 (q, 35 - 6.3 Hz, 2 H), 2.94 (¢, 3 - 6.3 Hz, 4 H}, 7.3
{broad s, 10 H).

f) 2-cyclohexylidene-1,3-dithiane (2 h from *;Li). mp = 89-90°C (1lit.”’ mp = 93,6-94°C), lH NMR
(90 MHz, CDC13) § 1.35-1.7 (m, 6 H), 2-2.3 (m, 2 H), 2.3-2.6 (w, & H), 2.75~2,95 (m, 4 H).

27

Equilibration of }-D, 2-D and their conjugated bases. Equimolar amounts of }-D and 2-D (0.313
mmol) were placed in a 25-mL round-bottom flask provided with a rubber septum and 10 mL of THF

was added under nitrogen. The flask was immersed in a carbon tetrachloride/dry ice bath (ca.
~-20°C) and then 0.313 mmol of n-butyllithium in hexane was added. The reaction mixture was
stirred at -20°C for 1.5 h and then added dropwise (via cannula) to another flask containing
aqueous 10% HC1l, Neutralization was effected with aqueous N82C03, and the dithianes were then
extracted with chloroform, dried (N32504) and evaporated. Integration of the H(2) signals
afforded the equilibrium concentrations of [}-Li], [1-D}, [R-Li] and {2-D1, from which ApKa was

evaluated (see Text).
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