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Methylenetriimidosulfate H,CS(N7Bu),> —
The First Dianionic Sulfur(vi) Ylide**

Bernhard Walfort and Dietmar Stalke*

Isoelectronic replacement of the oxygen atoms in simple
p-block element oxoanions by an NR imido group is currently
a flourishing area of main group chemistry.! These new
species are soluble in nonpolar organic solvents because they
form contact-ion pairs, whose periphery consists of lipophilic
substituents. In contrast, the simple oxoanions form infinite
solid-state lattices as a result of the multiple oxygen—metal
cation contacts. We were particularly interested in the
polyimidosulfur anions because of the rich redox chemistry.?!

Triimidosulfite S(NR),2-,®] which is analoguous to sulfite
S04, can be radically oxidized to S(NR), (Scheme 1).[4l The
cap-shaped S(NR);>~ ion is the first tripodal coordinating
dianion.P! Tetraimidosulfate S(NR),2~, which is analogous to
sulfate SO,2-, [ gives soluble monomeric metal complexes.”!
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S0s%~ HsCSO, S04 HaCSO35™
S(NR):> HsCS(NR);™ S(NR)s* HsCS(NR)s™
H-CS(NR),* H-CS(NR):*

Scheme 1. Isoelectronic C and N analogues of SO;?>~ and SO,>.

We now focus on isoelectronic replacement of the oxygen
atoms in the sulfur oxoanions and the imido groups in
polyimidosulfur anions by a R,C~ group. Sulfur compounds
containing a metalated a-carbon atom are well established.!
Sulfur ylides, which like Wittig ylides can be employed for
C—C coupling reactions, are utilized most frequently in
synthesis.’! Sulfoximines are also used in asymmetric C—C
coupling reactions.'” The C,-deprotonation of the S-bonded
substituent in diimidosulfinates R,(H)CS(NR), [ yields the
dianionic methylenediimidosulfites R,CS(NR),> (Scheme 1),
the carba/imido analogues of SO5>~.['2l Herein we present the
alkylenetriimidosulfate  [(tmeda),Li,{H,CS(N/Bu);}]] (1)
(tmeda = Me,NCH,CH,NMe,), the first carba/imido ana-
logue of SO,*~.

Compound 1 can be synthesized readily starting from
lithium S-methyltri(zert-butyl)triimidosulfonate H,;CS(N7Bu);~
by deprotonation of the S-methyl group with methyllithium
in high yields (Scheme 2). The addition of two equivalents
of MeLi to S-alkyltri(fert-butyl)triimidosulfonic  acid
RS(N7Bu),NH/Bu provides a second route to 112>
[(tmeda),Li,{H,CS(N7Bu);}] (1) crystallizes in the presence
of the donor base tmeda.

Compound 1 is, like [(thf),Li,{(N/Bu),S}]' and [{Li,-
[(NfBu);S]},],B! air- and moisture-sensitive. Reaction of 1
with one equivalent of water gives the trimeric triimidosulfate
[{(tmeda)Li,[OS(NtBu);]}5] (2), indicating that the methylene
substituent is hydrolyzed to form methane preferentially to
the hydrolysis of an imido substituent to give an amine.

[(thf)oLi{(NBu)3SMe}]

+ MelLi, tmeda -CHy4

Bu

\N 1Bu
(tmeda)Li’ g Litmeda) 1
meda)Li oL
‘xN/S\CH’2

/

u

v
™
N
(tmeda)Lii\\ /Sio::::“" 2
tBu N

Scheme 2. Synthesis of 1 and 2.
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The crystal structure of 1 (Figure 1) consists of separated
contact-ion pairs.'¥! The sulfur atom is surrounded in a
distorted tetrahedral fashion by three imido groups and one

1
%
A
. °
L]
N
N2®_ gH2 e o P
51 oM Cliae G O N1
H1 —g f
i 5.0 Li1 H1 T Lid
N3 N3

Figure 1. Top: Crystal structure of 1. Bottom left: Projection along the
S1-C1 bond. Bottom right: Projection along the Lil—C1 bond. Selected
bond lengths [pm] and angles [°]: S1-C1 172.5(2), S1-N1 160.50(19), S1-N2
159.0(2), S1-N3 161.4(2), C1-H1 101(3), C1-H2 85(3), C1-Lil 213.2(5), N1-
Lil 195.9(5), N2-Li2 195.4(4), N3-Li2 199.8(4); C1-S1-N1 97.66(12), N2-S1-
N3 96.05(10), N1-S1-N2 117.32(11), C1-S1-N3 120.47(13), C1-S1-N2
111.64(14), N1-S1-N3 115.08(11).

methylene moiety (Figure 1, top). The two lithium atoms
bridge two opposite edges of the SN;C tetrahedron, narrow-
ing the related S-N-N (N2-S1-N3 96.05(10)°) and S-N-C
angles (C1-S1-N1 97.66(12)° in contrast to the angle between
the nonbridged coordinating atoms of av 116.0(2)°). The
average S—N and Li—N bond lengths of 160.3 and 197.0 pm,
respectively, are similar to those found in [(thf),Li,{S(N#-
Bu),}] .l The most remarkable structural feature involves the
bonding and orientation of the CH, group to the central sulfur
atom. The S1—C1 bond length in 1 is only 172.5(3) pm and
thus 6.7 pm shorter than the average value of 179.2 pm
in S-methyltri(tert-butyl)triimidosulfonate Hy;CS(NBu), [
However, this bond shortening upon deprotonation should
not be attributed to S=C bonding in the sulfur ylenic
mesomeric form. Although this distance is considerably
shorter than in most a-sulfonyl carbanions,™ in the
2,2-diphenyl-1-(phenylsulfonyl)cyclopropyllithium complex
[{(dme)Li[Ph,C;H,SO,(Ph)]},] (dme = 1,2-dimethoxyethane)
the corresponding distance is only 167.6(7) pm.['*¥ Despite
this short distance the lithiated carbon atom resides in a
tetrahedral environment. The S—C bond length in 1 is similar
to the observed S—C(sp) bond length of 171.8(3) pm in
[ (thf),Li{(N#Bu);SC=CPh}].I"¥] The metalated C1 center in 1 is
only about 26 pm above the H1/H2/Lil and H1/S1/Lil plane
suggesting that hybridization state of C1 lies between sp* and
sp?. The shortening of the S—C bond is attributed to a radius
reduction on the change in hybridization sp® —sp? , electro-
static S —C°~ attraction and hyperconjugation, rather than
to a d-orbital contribution.l'” It is remarkable that the freely
refined hydrogen atoms of the methylene group are not
located along the bisector of the S1-C1-L1 angle. H2 is tilted
towards Lil causing a relatively close Lil---H2 contact of
223(3) pm (Figure 1, bottom).
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Isoelectronic replacement of the methylene group in 1 by
an oxygen atom gives the trimer 2.l The triimidosulfate
dianion is (N,N'),(N,0)-dichelated to two lithium cations on
opposite edges of the OSNj; tetrahedron (Figure 2, left). While
the outer N,N'-chelated lithium cation is tetrahedrally coor-
dinated by the additional chelating donor base tmeda, the
N,O-chelated lithium atom is trigonal planar coordinated
providing the second intramolecular Li—O link around the

-N !;'
Li1 .."I . 5, -
L] > .' -(.J‘
= . E b
e
L "

Figure 2. Left: Asymmetric unit of 2. Right: Structure of the trimer with the threefold axis
orthogonal to the paper plane in the centre of the Li;Oj; six-membered ring. Selected bond lengths
[pm] and angles [°]: S1-O1 151.73(19), S1-N1 157.5(3), S1-N2 156.8(6), S1-N3 153.8(6), O1-Lil
181.3(6), O1-LilA 196.5(6), N1-LilA 190.4(6), N2-Li2 187.8(14), N3-Li2 205.5(12); O1-S1-N1
97.09(12), N2-S1-N3 98.57(15), N1-S1-N2 118.9(4), O1-S1-N3 111.8(3), O1-S1-N2 115.1(3), N1-S1-

N3 1163(4), LilA-O1-Lil 1172(3), O1-Lil-O1A 122.8(3).

threefold axis (Figure 2, right). Hence the trimer consists of a
planar central Li;O; six-membered ring with three annelated
planar LiOSN four-membered rings. The three peripheral
LiN,S rings are arranged orthogonal relative to these four
fused rings.

The S1—01 bond with the lithium-coordinated O atom in 2
of 151.73(19) pm is considerably longer than the terminal S—O
bond in the only other known triimidosulfate dianion
OS(NrBu);>~ (145.5(5) pm).™ This difference is caused by
the different coordination mode in the two compounds. In 2
the electron density has to be shared between the two lithium
cations and the electropositive sulfur atom (Scheme 3).

o
g tBu
“ \N ;Bu
BuN NiBu N
BUN . N
AN (meda)li S
R o
L .

M /

Bu

Scheme 3. Different coordination modes of the two known triimidosulfate
dianions

In the 36-atom clusters of [{Li,]OS(NR)(NR’)]}s], which
contain a pyramidal diimidosulfite dianion, the six oxygen
atoms are each coordinated by three lithium atoms, which
leads to an elongation of the average S—O bond to 154.6(13)
(R=1Bu, R'=SiMe,) and to 158.7(7) pm (R=R’=Bu).l']
The metal diimidosulfates O,S(N7Bu),>~ tend to form clusters
as well because of two metal-bridging oxygen atoms. The

3848 © WILEY-VCH Verlag GmbH, D-69451 Weinheim, 2001

lithium diimidosulfate comprises an octamer,'® while the
mixed-metal Li/Mg cluster contains twelve dianions, as well as
eight lithium and two magnesium cations.!'”l The mixed-metal
Li/Al compounds form polymeric strands in the solid state.’]

In conclusion, both the elongation of the S—O and short-
ening of the S—C bond can be attributed to electrostatics. We
favor ylidic S*—C~ rather than ylenic S=C bonding.?!! This
interpretation and the preferred hydrolysis of the methylene
group over the imido group in the reaction of
1 to give 2 suggests that 1 could be employed

s as a methylene transfer reagent similar to the

Wittig phosphonium ylides.

f ] » . .
N\ 7 Experimental Section

¥ . All manipulations were performed under an inert gas

d atmosphere of dry N, with Schlenk techniques or in an

. d argon glovebox. All solvents were dried over Na/K

alloy and distilled prior to use. 'H, ’Li and *C NMR
spectra were recorded in C¢Dg (internal standards
. \ C¢HDs: =715 ('H), CsDy: 6=128.0 (**C) using a
Bruker AMX 400 spectrometer. Elemental analyses
were performed by the Microanalytisches Labor der
Universitdt Wiirzburg.

Synthesis of [(tmeda),Li,{H,CS(N7Bu);}] (1): Methyl-
lithium (10.14 mmol, 3.4 mL of a 3M solution) was
added slowly at —78°C to a solution of [(thf),Li,-
{(NtBu);SMe},] (5.07 mmol, 3.0 g), prepared as de-
scribed in ref. [6], in THF (20 mL) and stirred for 1 h.
Instantaneous formation of methane gas was ob-
served. The solution was then stirred for two hours
at room temperature. Subsequently, THF was removed in vacuum and the
white precipitate was redissolved in warm hexane and tmeda. Storage of
the solution at —36°C for three days afforded colorless crystals which were
suitable for single-crystal X-ray structure analysis (yield 2.6 g, 78%).
'H NMR (400.13 MHz, CsD¢): 6=1.58 (2H; SCH,), 173 (s, 9H;
NC(CH,);), 1.77 (s, 18 H; NC(CHs;)s), 1.89 (s, 8H; NCH,CH,N), 2.13 (s,
24H; N(CH;),); *C NMR (100 MHz, C¢Dy): 0 =34.61 (SCH,), 34.85
(NC(CH,);), 35.03 (NC(CH;);), 46.55 (NCH,CH,N), 51.65 (NC(CHs)s),
52.17 (NC(CHs);), 57.26 (s, 24 H; N(CHj),); 'Li NMR (155.5 MHz, ext. sat.
LiCl solution): 6 =0.85, 1.24; elemental analysis (% ): calcd: C 59.37, H
12.16, N 19.39, S 6.34: found: C 57.43, H 10.24, N 20.45, S 7.26.

Synthesis of [{(tmeda)Li,[OS(N7Bu);]};] (2): H,O (1.48 mmol) in tmeda
(10 mL) was slowly added at — 10 °C to a solution of 1 (1.48 mmol, 0.75 g) in
hexane (20 mL). The reaction mixture was stirred for 1 h at —10°C and
then 2 h at room temperature. The solvent was removed in vacuum and the
white precipitate was redissolved in warm hexane and tmeda. Storage of
the solution at —36°C for several days afforded colorless crystals which
were for single-crystal X-ray structure analysis (yield 0.3 g, 51 % ). 'H NMR
(400.13 MHz, CDg): 6 =1.47 (s, 9H; NC(CHs);), 1.49 (s, 18 H; NC(CHs)5),
1.61 (s, 8H; NCH,CH,N), 2.05 (s, 24H; N(CHj;),); *C NMR (100 MHz,
C¢Dy): 0 =33.39 (NC(CH;);), 33.63 (NC(CH;);), 34.62 (NCH,CH,N), 46.25
(N(CHs),), 51.70 (NC(CH,)3), 51.95 (NC(CHs);); 'Li NMR (155.5 MHz,
ext. sat. LiCl solution): d =0.5, 1.79; elemental analysis (% ):calcd: C 55.22,
H 11.07, N 17.89, S 8.19; found: C 52.11, H 12.32, N 19.28, S 7.78.

Received: June 11,2001 [Z17270]

[1] a) Si(NR);>~: M. Veith, R. Lisowsky, Angew. Chem. 1988, 100, 1124;
Angew. Chem. Int. Ed. Engl. 1988, 27, 1087; b) Si(NR),*: J. K. Brask,
T. Chivers, M. Parvez, Inorg. Chem. 2000, 39, 2505; c) P(NR);": E.
Niecke, M. Frost, M. Nieger, V. von der Gonna, A. Ruban, W. W.
Schoeller, Angew. Chem. 1994, 106,2170; Angew. Chem. Int. Ed. Engl.
1994, 33, 2111; d) As(NR);*~: M. A. Beswick, S. J. Kidd, M. A. Paver,
P. R. Raithby, A. Steiner, D. S. Wright, Inorg. Chem. Commun. 1999,
2,612; e) L. T. Burke, J. C. Jeffery, A. P. Leedham, C. A. Russell, J.
Chem. Soc. Dalton Trans. 2001, 423; f) Sb(NR);*~: A.J. Edwards,

1433-7851/01/4020-3848 $ 17.50+.50/0 Angew. Chem. Int. Ed. 2001, 40, No. 20



COMMUNICATIONS

=8

9=

[11

(12]

[13
[14

[15]

Angew. Chem. Int. Ed. 2001, 40, No. 20

M. A. Paver, P. R. Raithby, M.-A. Rennie, C. A. Russell, D. S. Wright,
Angew. Chem. 1994, 106, 1334; Angew. Chem. Int. Ed. Engl. 1994, 33,
1277, g) P(NR),*": P.R. Raithby, C. A. Russell, A. Steiner, D.S.
Wright, Angew. Chem. 1997, 109, 670; Angew. Chem. Int. Ed. Engl.
1997, 36, 649; h) Se(NR);>~: T. Chivers, M. Parvez, G. Schatte, Inorg.
Chem. 1996, 35, 4094; i) Te(NR);*>": T. Chivers, X. Gao, M. Parvez,
Angew. Chem. 1995, 107, 2756; Angew. Chem. Int. Ed. Engl. 1995, 34,
2549;j) [(PhN),PN];*: G. T. Lawson, F. Rivals, M. Tascher, C. Jacob,
J. F. Bickley, A. Steiner, Chem. Commun. 2000, 341.

Reviews: a) R. Fleischer, D. Stalke, Coord. Chem. Rev. 1998, 176,431,
b) D. Stalke, Proc. Indian Acad. Sci. 2000, 112, 155.

R. Fleischer, S. Freitag, F. Pauer, D. Stalke, Angew. Chem. 1996, 108,
208; Angew. Chem. Int. Ed. Engl. 1996, 35, 204.

R. Fleischer, S. Freitag, D. Stalke, J. Chem. Soc. Dalton Trans. 1998, 193.
R. Fleischer, D. Stalke, Organometallics 1998, 17, 832.

R. Fleischer, A. Rothenberger, D. Stalke, Angew. Chem. 1997, 109,
1140; Angew. Chem. Int. Ed. Engl. 1997, 36, 1105.

R. Fleischer, B. Walfort, A. Gburek, P. Scholz, W. Kiefer, D. Stalke,
Chem. Eur. J. 1998, 4, 2266.

For a general overview see: A. W. Johnson, Ylid Chemistry, Academic
Press, New York, 1966.

Reviews: a) H. Konig, Fortschr. Chem. Forsch. 1968, 9, 487; b) L.
Weber, Angew. Chem. 1983, 95, 539; Angew. Chem. Int. Ed. Engl.
1983, 22, 516.

a) G. Boche, K. Marsch, K. Harms, G. M. Sheldrick, Angew. Chem.
1985, 97,577, Angew. Chem. Int. Ed. Engl. 1985, 24, 573, b) H. J. Gais,
U. Dingerdissen, C. Kriiger, K. Angermund, J. Am. Chem. Soc. 1987,
109, 3775; c) M. Zehnder, J. F. Miiller, M. Neuburger, Acta Crystal-
logr. Sect. C 1997, 53, 419; d)J. F. K. Miiller, M. Neuburger, M.
Zehnder, Helv. Chim. Acta 1997, 80, 2182.

a) D. Hinssgen, R. Steffens, J. Organomet. Chem. 1982, 236, 53; b) D.
Hinssgen, R. Steffens, Z. Naturforsch. B 1985, 40, 919; c)D.
Hinssgen, R. Plum, Chem. Ber. 1987, 120, 1063.

a) D. Héanssgen, H. Hupfer, M. Nieger, M. Pfendtner, R. Steffens, Z.
Anorg. Allg. Chem. 2001, 627, 17; b) B. Walfort, R. Bertermann, D.
Stalke, Chem. Eur. J. 2001, 7, 1424.

B. Walfort, A. P. Leedham, C. A. Russell, D. Stalke, Inorg. Chem., in press.
Crystal structure data for 1 and 2: The data were collected from shock-
cooled crystals on an BRUKER SMART-APEX CCD diffractometer
(graphite-monochromated Moy, radiation, A =71.073 pm) equipped
with a low-temperature device at 193(2) K.??! The structures were
solved by direct methods (SHELXS-97)1*l and refined by full-matrix
least-squares methods against F? (SHELXL-97).24 R values defined
as RU=3||F| - |FJ/SF), wR2=[Sw(F2— F2/Sw(F2PI"S, w=
[0*(F2) + (g.P)* + 8&,P] !, P=1/3[max(F20)+2F?]. 1: C,sHgLi)N,S,
M,=505.75, orthorhombic, space group Pbca, a=1996.67(13),
b=1649.92(10), ¢=2027.39(14) pm, V=6.6789(8) nm’, Z=3§,
Peaed = 1.006 Mgm ~3, 4 =0.120 mm !, F(000) =2256, 26858 reflec-
tions measured, 4730 unique, R(int) =0.0931, wR2(all data) =0.1880,
R1(I>20(1)) =0.0657, g, =0.1225, g, = 1.6000 for 341 parameters and
no restraints. 2: C;gH,;Li,NsOS, M, =391.51, hexagonal, space group
P65, a=b=1768.91(8), c=1506.06(10) pm, V =4.0812(4) nm?, Z =6,
Peatca=0.956 Mgm 3, 1 =0.132 mm ', F(000)=1296, 16134 reflec-
tions measured, 3887 unique, R(int) = 0.0647, wR2(all data) =0.1679,
R1(I>20(1)) =0.0627, g, =0.0974, g, = 0.0 for 337 parameters and 289
restraints and a Flack x parameter of 0.2(2).”) The hydrogen atoms at
the methylene atom C1 in 1 were located by difference Fourier syntheses
and refined freely. All other hydrogen atoms of the molecule were
refined by using a riding model. Compound 2 crystallized in the
noncentrosymmetric space group P6;. An additional mirror plane in
the O;Li; ring plane to give the higher symmetric space group P6;/m is
precluded by the coordinated tmeda molecules and the N-bonded tert-
butyl groups. As the chirality is induced only in the periphery strictly
spoken the molecule is not planar chiral.”! Crystallographic data
(excluding structure factors) for the structures reported in this paper
have been deposited with the Cambridge Crystallographic Data
Centre as supplementary publication nos CCDC-164904 (1) and
CCDC-164905 (2). Copies of the data can be obtained free of charge
on application to CCDC, 12 Union Road, Cambridge CB21EZ, UK
(fax: (+44)1223-336-033; e-mail: deposit@ccdc.cam.ac.uk).

a) R. Armstutz, T. Laube, W. B. Schweizer, D. Seebach, J. D. Dunitz,
Helv. Chim. Acta 1984, 67,224;b) W. Zarges, M. Marsch, K. Harms, W.

[16]

(17]

(18]
[19]

[20]
(21]

[22]
[23]
[24]

[25]
[26]

Koch, G. Frenking, G. Boche, Chem. Ber. 1991, 124, 543; c)D.
Steinborn, T. Riiffer, C. Bruhn, F. W. Heinemann, Polyhedron 1998,
17, 3275; d) W. Hollstein, K. Harms, M. Marsch, G. Boche, Angew.
Chem. 1988, 100, 868; Angew. Chem. Int. Ed. Engl. 1988, 27, 848.

a) W. Kutzelnigg, Angew. Chem. 1984, 96, 262; Angew. Chem. Int. Ed.
Engl. 1984, 23, 272; b) A. E. Reed, F. Weinhold, J. Am. Chem. Soc.
1986, 108, 3586; c) D. A. Bors, A. Streitwieser, J. Am. Chem. Soc. 1986,
108,1397; d) A. E. Reed, P. von R. Schleyer, J. Am. Chem. Soc. 1990,
112, 1434; e) U. Salzner, P. von R. Schleyer, J. Am. Chem. Soc. 1993,
115, 10231; f) T. Stefan, R. Janoschek, J. Mol. Model. 2000, 6, 282.
J. K. Brask, T. Chivers, M. Parvez, G. Schatte, Angew. Chem. 1997, 109,
2075; Angew. Chem. Int. Ed. Engl. 1997, 36, 1986.

J. K. Brask, T. Chivers, G. P. A. Yap, Inorg. Chem. 1999, 38, 5588.

J. K. Brask, T. Chivers, M. Parvez, G. P. A. Yap, Inorg. Chem.1999, 38,
3594.

P. Blais, J. K. Brask, T. Chivers, G. Schatte, Inorg. Chem. 2001, 40, 384.
In this sense the (CH,)S(NBu); dianion represents the framework of
a structure reminiscent to inverse crowns with ancillary bonded
peripherical lithium atoms developed by Mulvey et al. For a review
see: R. E. Mulvey, Chem. Commun. 2001, 1049.

D. Stalke, Chem. Soc. Rev. 1998, 27, 171.

G. M. Sheldrick, Acta Crystallogr. Sect. A 1990, 46, 467.

G. M. Sheldrick, SHELXL-97, Program for Crystal Structure Refine-
ment, Universitidt Gottingen, 1997.

H. D. Flack, Acta Crystallogr. Sect. A 1983, 39, 876.

R. S. Cahn, C. Ingold, V. Prelog, Angew. Chem. 1966, 78, 413 ; Angew.
Chem. Int. Ed. Engl. 1966, 5, 385.

Total Synthesis of Apoptolidin: Part 1.
Retrosynthetic Analysis and Construction of
Building Blocks™**

K. C. Nicolaou,* Yiwei Li,
Konstantina C. Fylaktakidou, Helen J. Mitchell,
Heng-Xu Wei, and Bernd Weyershausen

From the many macrolide type structures recently isolated
from nature, that of apoptolidin (1, Scheme 1),[M isolated from
Nocardiopsis sp., stands out. Its distinction as a synthetic
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