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The First Six-Membered ªTrueº Heterocycle ±
Hydrogen-Bond-Assisted Ladder Formation in
a KOCNPS Ring System**
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J. Derek Woollins*

Recently there has been a flurry of activity in the synthesis
and structural characterization of MEE'(PR)2N ring systems
(A ; (E, E'�O, S, Se).[1] These metallacycles can be considered
to be relatives of the more extensively studied acetylaceto-
nato complexes but with the added ability to form nonplanar
rings with more sterically demanding R groups at the
phosphorus compared to the carbon substituents in b-
diketonates (B)Ðthis difference makes the phosphorus-con-
taining systems useful in metal speciation and separation. The
ME2(PR)2N systems have also been found to stabilize unusual

geometries at some metal centers for example square-planar
SnII.[2] Intermediate systems (C) are also possible (Schmid-
peter and Groeger have reported[3, 4] on the synthesis of
thiourea derivatives in which E�E'� S) and provide the
opportunity to probe ring geometries in mixed carbon/
phosphorus rings as well as to develop the syntheses of ªtrueº
heterocycles, that is heterocycles in which every ring atom is
different.

We synthesized Ph2P(S)NHCOPh 1 by a simple P ± N bond-
forming reaction between benzamide and Ph2PCl in the
presence of Et3N and catalytic amounts of dimethylamino-
pyridine (DMAP), followed by oxidation of the PIII center
using sulfur in a one-pot synthesis (Scheme 1). The use of

Scheme 1. One-pot synthesis of 1.

DMAP as a catalyst results in better yields for reactions involv-
ing relatively nonacidic N ± H protons, the yield of the reaction
was also improved by using an excess of Ph2PCl, which causes
no problems during the work-up as it remains in solution.

The X-ray crystal structure analysis of 1[5] (Figure 1) reveals
a gauche conformation of the P�S and C�O groups (S-P ´´´
CÿO ªtorsionº angle of 568) with the molecules packing into

Figure 1. Structure of 1 in the crystal showing part of the hydrogen-bonded
chain. Selected distances [pm] and angles [8]: P(1) ± S(1) 194.1(6), P(1) ±
N(1) 172(1), C(1) ± N(1) 136(2), C(1) ± O(1) 122(2); S(1)-P(1)-N(1)
115.1(4), P(1)-N(1)-C(1) 120.0(1), N(1)-C(1)-O(1) 120(2).

chains through C�O ´´´ HÿN hydrogen bonds (N ´´´ O 285 pm,
H ´´´ O 190 pm, NÿH ´´´ O 172.58). The conformation of the
system bears a striking resemblance to that of iPr2P(S)NH-
P(S)iPr2

[6] but is different to that observed in
Ph2P(S)NHP(S)Ph2

[7] which crystallizes as dimers. The O
and S atoms in 1 are well arranged for coordination with an
O ´´´ S distance of 340 pm.

Treatment of 1 with KOtBu in THF gave K[Ph2P(S)-
NCOPh] (2) as a white solid after workup. Recrystallization of
2 from methanol gave 2 ´ MeOH, the first example of a six-
membered ªtrueº heterocycle. The X-ray structure analysis[8]

of 2 ´ MeOH (Figure 2) reveals that the potassium atom is

Figure 2. Structure of 2 ´ MeOH in the crystal showing the coordination
shell. Selected distances [pm] and angles [8]: K(1) ± O(1) 266.9(3), K(1) ±
S(1) 324.4(2), K(1) ± O(1A) 268.7(3), K(1) ± S(1A) 328.6(2), P(1) ± S(1)
195.0(2), P(1) ± N(1) 161.8(4), C(1) ± N(1) 133.2(6), C(1) ± O(1) 124.1(5);
O(1)-K(1)-O(1A) 79.1(1), O(1)-K(1)-O(20) 159.6(1), O(1)-K(1)-S(1)
75.1(1), O(1A)-K(1)-S(1) 112.6(8), O(20)-K(1)-S(1) 85.4(1), O(1)-K(1)-
S(1A) 102.1(1), O(20)-K(1)-S(1A) 79.2(1), S(1)-K(1)-S(1A) 77.8(4), K(1)-
S(1)-P(1) 97.1(1), S(1)-P(1)-N(1) 118.4(1), P(1)-N(1)-C(1) 119.6(3), N(1)-
C(1)-O(1) 125.7(4), C(1)-O(1)-K(1) 128.7(3).
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coordinated by the oxygen atom of methanol, one oxygen
atom and one sulfur atom of the chelate ligand as well as an
oxygen atom of the ligand above and a sulfur atom of the
ligand below to give a ladder structure. The six-membered
KSPNCO ring adopts a pseudo-boat conformation with P(1)
at the prow and O(1) at the stern of the boat (maximum
deviation from the O(1)-C(1)-N(1)-P(1) mean plane is 3 pm
for C(1) and maximum deviation from the P(1)-S(1)-K(1)-
O(1) mean plane is 9 pm for P(1); the planes are inclined by
1298). Within 2 ´ MeOH the P ± S and C ± O bond lengths are
longer than in 1, whilst the P ± N and C ± N bond lengths are
somewhat shorter which is entirely compatible with increased
delocalization into the p system as a consequence of
deprotonation. The IR spectra support this view as both
nÄ(CO) and nÄ(PS) are observed at lower frequency in 2. The P-
N-C angles in 1 and 2 ´ MeOH display values that are almost
perfect for a trigonal structure, whereas the P-N-P angles in
[R2P(E)NP(E)R2]ÿ[1] systems are generally larger than 1208.
As mentioned above the S and O atoms of the anionic ligand
are shared between neighboring potassium atoms to give a
ladder structure made up of alternating K2S2 and K2O2 rings.

The planar rings reflect the
difference in the chalcogenide
atom that they contain. Thus in
the K2S2 ring the S ´´´ S distance
is 410 pm and the K ´´´ K dis-
tance is 508 pm,[9] whereas in
the K2O2 rings the O ´´´ O and
K ´´´ K distances are 340 and
413 pm, respectively. The K2S2

and K2O2 rings are twisted by
708 with respect to each other.
An intrachain hydrogen-bond-
ing system consisting of meth-
anol ´ ´ ´ ring-N OÿH ´´´ N inter-
actions (O(20) ´´ ´ N(1') 295 pm,
H(20) ´´´ N(1') 199 pm, OÿH ´´
N 1688) runs along the edges of
the chains to aid the ladder
formation (Figure 3), indeed
one could speculate that this
hydrogen bonding is necessary
for the organization of the
molecules into a chain struc-
ture. A further weak K ´´´ C
interaction between one of the
aryl rings and the potassium

atoms is also present (K ´´ ´ C(3A) 347 K ´´´ C(4A) 348 pm) to
increase the effective coordination number of the metal ionÐ
a similar effect was noted in K[Ph2P(S)NP(S)Ph2].[9]

Experimental Section

PhC(O)NHP(S)Ph2: To a solution of PhC(O)NH2 (3.2 g, 7.7 mmol) in THF
(150 mL) was added Et3N (3.9 mL, 30 mmol), DMAP (dimethylaminopyr-
idine; 200 mg, 20 mmol), and neat Ph2PCl (5 mL, 27.9 mmol)Ðthe solution
was heated at reflux overnight. After the mixture had been cooled, S8

(1.78 g, 55.7 mmol) was added and the mixture was stirred overnight at
room temperature. The solution was filtered and the filtrate was reduced to
dryness to give a white powder. It was then triturated with Et2O (200 mL)

to give a yield of 6.43 g (34 %). M.p. 186 ± 190 8C; 31P NMR (CDCl3): d�
56; IR (KBr): nÄ(NH) 3159 m, 3060 w (CO) 1651 vs, (CN) 1454 vs, (PN)
880 w, 832 m, (PS) 636 vs cmÿ1; FAB (m/z): 361 [MH�Na]� , 337 [MH�H]�:
elemental analysis (%) calcd for C19H16NOPS: C 67.64, H 4.78, N 4.15;
found: C 67.25, H 4.54, N 4.02.

K[PhC(O)NP(S)Ph2] 2: A solution of [PhC(O)NHP(S)Ph2] (1 g,
2.96 mmol) and KOtBu (0.57 g, 5.12 mmol) in THF (60 mL) was stirred
for 30 min. The solution was filtered through celite, and then reduced to
dryness to give 1.1 g (100 %) of white powder. Elemental analysis (%) calcd
for C19H15NOPSK: C 60.78, H 4.03, N 3.73; found: C 60.34, H 4.12, N 3.45.
Recrystallization of this compound from methanol gave 2 ´ MeOH. M.p.
286 ± 290 8C. 31P NMR ([D6]DMSO): d� 44; IR (KBr): nÄ(CN)� 1588 m,
(CO) 1519 vs, (PN) 895 m, 838 s, (PS) 627 s, 612 s cmÿ1; FAB (m/z): 399
[MH�Na]� , 377 [MH�H]� .
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Figure 3. Structure of 2 ´
MeOH in the crystal showing
the ladder formation in the
infinite chains of alternating
K2S2 and K2O2 rings. The
intraring angles are: K-S-K
102.1(1), S-K-S 77.9(1), K-O-
K 100.9(1), O-K-O 79.1(1)8.


