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Figure 1. Stereoview of the X-ray structure of the cation in tris(9- 
triptycy1)cyclopropenium perchlorate (2) with thermal motion ellipsoids 
(50% probability) and atom labels. Hydrogen atoms are suppressed for 
clarity. 

of the three blades is replaced by a three-toothed gear and in which 
structural rigidity is induced by the odd number of interlocked 

The axes of the T p  gears in Tp,MX are coextensive with the 
C(9)-M bonds to form a pyramidal array with M a t  the apex. 
In 2 the three bevel gear axes are coplanar, and their extensions 
intersect at the center of the molecule. This compound was readily 
prepared from bis(9-anthryl)cyclopropenone:'0 addition of benzyne 
gave bis(9-triptycyl)cyclopropenone,4 and addition of TpLi to the 
latter followed by reaction with HCIO4 afforded Z4 The number 
of signals and their relative intensities in the I3C and 'H NMR 
spectra" are consistent only with a statically geared triskelion (C3,,) 
conformation which is also adopted by the molecule in the solid 
state (Figure I).'* There is no evidence of signal broadening up 
to 80 OC (acetonitrile), and the lower limit for site exchange is 
therefore ca. 17 kcal mol-'. 

In  sum, torsional motion of the three T p  rotors in 1 and 2 is 
frozen because uncorrelated as well as correlated rotation is 
mechanically disallowed in a closed cyclic array consisting of 
an odd number of securely meshed gears. Further studies of these 
and related compounds are in progress. 
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Supplementary Material Available: Tables of atomic coordi- 
nates, bond lengths and bond angles with standard deviations, and 
anisotopic thermal parameters for 2 ( 5  pages); table of observed 
and calculated structure factors for 2 (7 pages). Ordering in- 
formation is given on any current masthead page. 

(9) Molecules of the type (Me,C),MX also have C, ground-state sym- 
metry, but the three terf-butyl groups are not securely gear-meshed, and 
enantiomerization takes place at very low temperatures on the NMR time 
scale by processes that involve conrotatory motion of two or all three of the 
rerr-butyl groups. See: Hounshell, W. D.; Iroff, L. D.; Wroczynski, R. J.; 
Mislow, K. J .  Am.  Chem. Soc. 1978, 100, 5212. Wroczynski, R. J.; Mislow, 
K. J .  Am.  Chem. SOC. 1979, 101, 3980. 

(10) Wadsworth, D. H.; Donatelli, B. A. Synthesis 1981, 285. Becker, 
H.-D.; Anderson, K. J .  Org. Chem. 1987, 52, 5205. 

(1 1) "C{'HJ NMR (125.8 MHz, CD3CN, ambient temperature) 6 188.75 
(cyclopropenium carbon C( 1 l)), 146.28, 137.44 (aromatic carbons C(4a) and 
C(9a)), 145.37, 140.62 (aromatic carbons C(5a) and C(8a)). 128.18, 126.06, 
124.50, 123.76 (aromatic carbons C(1)-C(4)), 129.47, 127.06, 126.90, 122.97 
(aromatic carbons C(S)-C(S)), 62.01 (C(9)), 53.56 (C(10)). IH NMR (500 
MHz, CDJN, ambient temperature) 6 7.84 (dd, 2 H,  H(5)), 7.54 (dd, 1 H, 
H(4)), 7.29 (ddd, 2 H,  H(6)), 7.23 (dd, 2 H,  H(8)), 6.93 (ddd, 2 H,  H(7)), 
6.89 (ddd, 1 H,  H(3)), 6.82 (dd, 1 H, H(l)) ,  6.01 (s, 1 H, H(10)), 5.90 (ddd, 
1 H, H(2)). Resonance assignments by NOE difference and COSY exper- 
iments. 

(12) Crystals of 2 are hexagonal, s ace group P6,/m (No. 176), with a 
= b = 15.145 (5) A ,  c = 13.617 (4) [ V = 2704 (1) R3, and dcald = 1.32 
g cm-' for Z = 2 (C63H39C104. M = 895.5). Intensity data were measured 
on a Nicolet R3m diffractometer with 3' < 28 < 114' with graphite mono- 
chromated Cu Ka  radiation at room temperature. Of 1281 unique reflections, 
1148 were considered to be observed [IFJ > 30(Fo)] after applying Lorentz 
and polarization corrections. Three additional reflections (010, 002, and 004) 
were omitted because F, << Fealcd for these reflections, presumably due to 
extinction. The structure was solved in P6, with the SHELXTL direct methods 
software and was refined in P6,/m. All non-hydrogen atoms were refined 
anisotropically, hydrogen atoms were included at standard positions (C-H, 
0.96 A; C C - H  120' or 109.5O) and refined isotropically with a riding model. 
Refinement with 130 least-squares parameters converged at R = 0.056 and 
R ,  = 0.059. The unit cell contains two molecules with crystallographic C,, 
(6) site symmetry. The perchlorate anion is disordered, and no satisfactory 
scheme was found to model this disorder by a superposition of tetrahedral 
perchlorate anions with standard bond lengths and angles. 

0002-7863/89/1511-2327$01.50/0 

2-Phosphino- and 2-Phosphinylbenzenethiols: New 
Ligand Types 

Eric Block,* Gabriel Ofori-Okai, and Jon Zubieta 

Department of Chemistry 
State University of New York at Albany 

Albany, New York 12222 
Received November 21,  1988 

Compounds containing both thiol and phosphino or phosphinyl 
groups should be particularly useful as bidentate or polydentate 
ligands. A few examples of such compounds and their metal 
complexes are known,' but general syntheses are not available. 
It has been recently reported2 that 2- and 2,6-substituted thio- 
phenols such as l and 23 (eq l )  and related 3- and 3,6-substituted 
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pyridine thiol^^ can be readily prepared from the parent compounds 
by ortho lithiation-electrophilic substitution procedures, and that 
these substituted thiols form a variety of novel transition-metal 
c o m p l e x e ~ . ~ ~ ~  We find that such methods can also be used to make 
2-phosphino- and 2-phosphinylbenzenethiols (e.g., 3), previously 
unknown types of mixed phosphorus-sulfur compounds.Ib W e  
report the application of this useful procedure to the preparation 
of interesting new classes of polydentate ligands containing 
phosphorus, sulfur, and in some cases silicon as well as a novel 
heterocyclic system. 

(1) (a) 2-Phosphinoethanethiol derivatives represent a related, known lig- 
and type: Blower, P. J.; Dilworth, J .  R.; Leigh, G.  J.; Neaves, B. D.; Nor- 
manton, F. B.; Hutchinson, J.; Zubieta, J. J .  Chem. Soc., Dalton Trans. 1985, 
2647. Jurkschat, K.; Uhlig, W.; Miigge, C.; Tzschach, A,; Schmidt, B.; 
Drager, M. Z .  Anorg. Allg. Chem. 1988, 556, 161. White, G. S.; Stephan, 
D. W. Organometallics 1988, 7, 903. (b) A brief report of a multistep 
synthesis of 2-phosphinobenzenethiol (o-HSC6H4PH2) has appeared: Issleib, 
K.; Vollmer, R. Z .  Chem. 1978,18,451. We thank Professor T. B. Rauchfuss 
for calling this reference to our attention. 

(2) (a) Block, E.; Eswarakrishnan, V.; Gernon, M.; Ofori-Okai, G.; Saha, 
C.; Tang, K.; Zubieta, J. J .  Am.  Chem. SOC. 1989, 1 1 1 ,  658. (b) Figuly, G. 
D.; Loop, C. K.; Martin, J. C. J .  Am.  Chem. SOC. 1989, 111, 654. (c) Smith, 
K.; Lindsay, C. M.; Pritchard, G. J. J .  Am.  Chem. Soc. 1989, 111, 665. 

(3) 2-(Triinethyl~ilyl)benzenethiol"~~ (1) was treated with n-BuLi (2 equiv) 
and TMEDA (N,N,N',N'-tetramethylethylenediamine; 1 equiv) in hexane for 
24 h, and the solid was filtered off under argon and dissolved in T H F  cooled 
to -78 OC. Chlorotriphenylsilane (0.38 equiv) in T H F  was added, and the 
mixture was worked up as previously described.28 Chromatography gave 2 
as a colorless solid (55%; based on Ph,SiCI): mp 141-143 'C; 'H NMR 6 
7.8-7.0 (m, 18 H), 3.58 (s, 1 H, SH), 0.46 (s, 9 H); "C NMR 6 145.1, 142.7, 
140.1. 137.1. 136.3. 134.4. 134.2. 129.5. 128.0. 125.1. 0.2. Anal. (C. HI. 

(4) Block; E.; Gemon, M.; Kang, H.; Zubieta, J. Angew. Chem., Inr. 'Ed;. 
E n d .  1988. 27. 1342. 
- 0  

(5) (a)~Block, E.yAslam, M. Tetrahedron 1988, 44, 281. (b) Block, E.; 
Gernon, M.; Kang, H.; Liu, S.; Zubieta, J. J .  Chem. Soc., Chem. Commun. 
1988, 1031. (c) Block, E.; Kang, H.; Ofori-Okai, G.; Zubieta, J. Inorg. Chim. 
Acta 1989, 156, 27. (d) Block, E.; Gernon, M.; Kang, H.; Ofori-Okai, G.; 
Zubieta, J. Inorg. Chem. 1989, in press. (e) Giolando, D. M.; Rauchfuss, T. 
B.; Rheingold, A. L. Inorg. Chem. 1987, 26, 1636. (0 For a related approach 
to o-diphenylphosphinophenol and its coordination compounds, see: Rauch- 
fuss, T. B. Inorg. Chem. 1977, 16, 2966. 
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Table I. Spectroscopic Data on 2-Phosphino- and 2-Phosphinylbenzenethiols Related Compounds' 
entry yield," lH and IlP entry yield," IH and ,IP 

no. compound (%) mp,' OC NMR spectrad+ no. compound (%) mp,'OC NMR spectrad' 

SH 65 I 1 

OPPh2 
6 

2 76 

98-99 hH 7.3-6.6 (m, 14 H), 
4.07 (d, J = 2.2, 
1 H, SH); 6p -13.1 

102-104 bH 7.5-6.7 (m, 13 H), 
4.07 (d, J = 1.5, 
2 H, SH); 6 p  -19.9 

7 

150-152 6~ 7.4-6.7 (m, 12 H), 

3 H, SH); 6p -26.4 
4.07 (d, J = 2.2, 

4 
8 

67 

5 HS Ph 63 

6 

113-116 hH 8.0-6.8 (m, 14 H), 
6.18 (s, 1 H, SH); 

30.7 

121-123 6, 8.0-6.85 (m, 13 H), 
6.19 (s, 2 H, SH); 

38.7 

1 0  

155-158 8H 8.0-6.5 (m, 15 H), 
6,, 43.8 

7 
11 

Me3sl+Jph* 67 

3 

102-103 hH 7.6-6.7 (m, 13 H), 
4.6 (d, J = 11.2, 
1 H, SH), 0.43 (s, 9 
H); 6p -13.6 

8 HS Ph 

1 2  

61 

63 

59 

62 

47 

130-133 aH 7.7-6.7 (m, I I  H), 4.58 
(d, J = 11.8, 2 H, SH), 
0.42 ( s ,  18 H); 6, -20.5 

168-170 6~ 7.51 (dd, J = 7.3, 2.5, 3 
H), 7.1 1 (I, J = 7.2, 3 H), 
6.82 (ddd, J = 7.7, 3.7, 
1.8, 3 H), 4.58 (d, J = 
12.5, 3 H, SH), 0.42 (s, 
27 H); 6p -27.4 

194-195 6~ 7.8-6.8 (m, 13 H), 7.08 
(s, 1 H, SH), 0.38 (s, 9 
H); 6p 35.6 

178-179 6H 7.8-6.8 (m, 11 H), 7.01 
(s, 2 H, SH), 0.40 (s. 18 
H); 6p 42.2 

188-190 6H 7.86 (ddd, J = 14.19, 
7.93, 1.44, 3 H), 7.56 (dd, 
J = 5.67, 1.54, 3 H), 7.30, 
(br s, 3 H, SH), 7.18 (td, 
J = 7.56, 2.31, 3 H), 0.36 
( s ,  27 H); 6 p  37.3 

93 210-213 aH 8.7-6.8 (m); 6p 26.6 

"Compounds 9-11 and 15 show Y- at 1180, 1170, 1260, and 1170 cm-l, respectively. bYields are based on phosphorus reactants. CRecrystallized from ether-hexane 
or CH2CI2-hexane. dChemical shifts in ppm from internal TMS (IH) or from external Ph,P relative to 85% H3P04 ( I l P  positive chemical shifts are downfield from 
HIPOI); coupling constants are in Hz. 'See Supplementary Material for I3C NMR chemical shifts of 3 and 6-17. 

Treatment of tetrahydrofuran solutions of lithium 2-lithio- melting points and satisfactory elemental analyses and spectro- 
benzenethiolate (4) or lithium 6-(trimethylsilyl)-2-lithio- scopic properties, as summarized in Table I. 
benzenethiolate (5) a t  -78 OC with chlorodiphenylphosphine, HS Ph SH 
dichlorophenylphosphine, phosphorus trichloride, diphenyl- 

methylsilyl)-2-mercaptophenyl derivatives 3 and 6-16 in 47-76% Li 63% 

Ph, ,p 
oxychloride phosphonic chloride, gives the phenylphosphonic respective 2-mercaptophenyl dichloride, and phosphorus or 6-(tri- wb -aPD S-S 

10 17 yield, based on the phosphorus component (see Table I and eq 
1 and 2).6 All of the products are colorless solids with sharp 

(6) Synthesis of 6: Solvents used to isolate products were degased and 
saturated with argon. Reactants and products were protected from light. 
Lithium 2-lithiobenzenethiolate 4 was prepared as described elsewhere2 from 
thiophenol (7 g, 0.064 mol), TMEDA (22 mL, 0.142 mol), and 2.5 M n-bu- 
tyllithium in hexane (57 mL, 0.142 mol). Solid 4 was isolated by filtration 
under argon on a medium Schlenck frit, washed with dry hexane (2 X 50 mL), 
and dissolved in dry T H F  (100 mL) precooled to -78 OC. A stirred solution 
of 4 in T H F  at -78 "C was then treated dropwise during 1.5 h with chloro- 
diphenylphosphine ( I O  g; equivalent to 0.045 mol (70% conversion) of 4). The 
mixture was warmed to room temperature overnight, the solution was acidified 
with dilute ice-cold sulfuric acid, the mixture was concentrated in vacuo, and 
the residue was taken up in ether. The ether solution was washed with water, 
dried (MgSO,), and concentrated to afford crude 6 (ca. 90% yield). Puri- 
fication by treatment with activated charcoal in ether, filtration, and crys- 
tallization from ether-hexane gave 8.7 g (65% yield based on Ph2PC1) of 6 ,  
a colorless solid which after chromatography (silica gel; hexane-CH2C12) had 
mp 98-99 "C. Anal. (C, H) (see Table I ) .  

4 9 
HS 

\ PC13,THF, -78'C.H* - ~p~ 

56% 

SH 

8 

Hydrogen bonding between the SH and P=O groups in the 
phosphine oxides results in a shift in the 'H NMR absorption of 
the S H  group from 6 4.1-4.6 ppm in 6-8 and 12-14 to ca. S 
6.2-7.3 ppm in 3, 9-11, and 14-16. An interesting trend is seen 
in the 31P shifts in the series 6 - 7 - 8, 3 - 12 -+ 13, 9 - 10 - 11, and 14 - 15 - 16. In the first two series there is an upfield 
shift of 6.5-6.9 ppm each time an ortho-H is replaced by SH (or 
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ortho-SH + meta-TMS), which may be explained by an increase 
in y-shielding on P by S. In the third and fourth series, with the 
exception of 15 - 16, hydrogen bonding in the phosphine oxides 
causes downfield 31P shifts, which appear to be cumulative and 
in opposition to the y-effect. In the case of 16, combined steric 
effects due to the three trimethylsilyl groups apparently preclude 
the type of extensive hydrogen bonding found in 11. None of the 
shift effects observed are explained by an electronic effect of the 
sulfur.' 

Phosphine oxide 10 could be oxidized to 1 1-phenyl-1 1H-di- 
benzo[cfl [ 1,2,5]dithiaphosphepin-ll-oxide (17), a new hetero- 
cyclic ring system, by heating with dimethyl sulfoxide a t  90 "C 
for 24 h. The novel coordination chemistry and other reactions 
of the various new compounds reported herein will be presented 
elsewhere.E 
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Supplementary Material Available: 13C N M R  chemical shifts 
of 3 and 6-17 ( 1  page). Ordering information is given on any 
current masthead page. 

(7) We thank one of the referees for bringing this interesting NMR effect 
to our attention. 

( 8 )  For example, novel molybdenum complexes of 6 and 14 have been 
prepared and characterized: Block, E.; Kang, H.; Ofori-Okai, G.; Zubieta, 
J., manuscript submitted for publication. 
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Acivicin (AT-125) ( 1 ) ' ~ ~  and 4-hydroxyacivicin (2)3 are pro- 
duced from Streptomyces sviceus. Acivicin has potent anticancer 
activity4 and has found use as an important tool for studying 
xenobiotic metabolism involving g l u t a t h i ~ n e , ~  while 2 has ap- 
proximately one-fifth the cytotoxic activity of 1. The isoxazolidine 
ring upon which these structures are based occurs, at  various levels 
of oxidation, in only a few other natural products: tricholomic 

ibotenic acid,*-1° muscimol," and c y ~ l o s e r i n e . ' ~ - ~ ~  While 

( I )  Martin, D. G.; Duchamp, D. J.; Chidester, C. Tetrahedron Lett. 1973, 

( 2 )  Hanka, L. J.; Gerpheide, S. R.; Martin, D. G.; Belter, P. A,; Coleman, 
T. A.; Meyer, H. F. Antimicrob. Agents Chemother. 1975, 7, 807-810. 

(3) Martin, D. G.; Chidester, C. G.; Mizak, S .  A,; Duchamp, D. J.; Bac- 
zynskyj, L.; Krueger, W. C.; Wunk, R. J.; Menlman, P. A. J .  Antibiot. 1975, 

(4) Martin, D. G.; Hanka, L. J.; Neil, G. L. Cancer Chemother. Rep., Part 

(5) Shasteen, C. S.; Curthoys, N.  P.; Reed, D. G. Biochem. Biophys. Res. 

(6) Takernoto, T.; Nakajima, T. J .  Pharm. SOC. Jpn. 1964, 84, 1183. 
(7) Takernoto, T.; Nakajima, T. J .  Pharm. SOC. Jpn.  1964, 84, 1230. 
(8) Onda, M.; Fukushirna, H .  Chem. Pharm. Bull. 1964, 12, 751-754. 
(9) Eugster, C. H.; Muller, C. F. R.; Good, R. Tetrahedron Lett. 1965, 

(IO) Wieland, T.  Science 1968, 159, 946-952. 
( I  1) Bowden, K.: Drysdale, A. C. Tetrahedron Lett. 1965, 727-728. 
(12) Harned, R. L.; Hidy, P. H. Antibiot. Chemother. 1955, 5,  204-205. 
(13) Cuckler, A. C.; Frost, B. M. Antibiot. Chemother. 1955, 5,  183-190. 

2549-2552. 

28, 91-93. 

I1974, 58, 935-937. 

Commun. 1983, 112, 564-570. 

1813-1815. 

1989, 11 I ,  2329-233 1 

Scheme I 

Ar NHAc 

7, R I H ,  Ar = p-MeOPh 
?a, R = D. Ar = FMeOPh 

9, R = H, Ar = p-MeOPh 
9a, R = D. Ar = p-MeOPh 

I "Ac 
Ar 

8. R = H, Ar = p-MeOPh 
Ba, R = D, Ar = pMeOPh 

5, R = H  
5a, R - D  

S. Sviceus I 
i a  2 8  

a: P, Brz. b: CZHSOHI H': c. LiAIH4: d: NaCN, e :  TsCli Fy 1 .  diethyl acetamidemabnate, 
"3; 9' PtOz / Hz: h: p-anisakjehyde, Et3N; i: MPP: j: silica gel mlumn; k:  6N HCI 

cycloserine is derived from 0-acetyl-L-serine and N-hydroxy- 
~ r e a , ~ ~ - l '  we have reported'* that ornithine (3) is the primary 
precursor of 1 and 2, indicating a quite different biosynthesis. 

We  recognized that the first committed step toward the bio- 
synthesis of 1 and 2 would most reasonably be hydroxylation of 
ornithine either at  C-3 (the (3-position) or a t  the terminal nitrogen 
(N*). Numerous naturally occurring (3-hydroxyamino acids have 
been c h a r a c t e r i ~ e d , ' ~ - ~ ~  but the formation of only one of these, 
threo-P-hydroxyaspartic acid, has been studied in 
P-Hydroxyornithine (4) has been synthesized a number of 
times,3k32 but it has not yet been isolated as an authentic natural 

(14) Stammer, C. H.; Wilson, A. N. J .  Am. Chem. SOC. 1955, 77, 

(15) Tanaka, N.; Saschikata, K. J. J .  Gen. Appl. Microbiol. 1963, 9, 

(16) Svensson, M. L.; Gatenbeck, S. Arch. Microbiol. 1981, 129, 21C-212. 
(17) Svensson, M. L.; Gatenbeck, S .  Arch. Microbiol. 1982,131, 129-131. 
(18) Ju, S.; Palaniswamy, V. A,; Yorgey, P.; Gould, S. J. J .  Am. Chem. 

(19) Wagner, I.; Musso, H .  Angew. Chem., Int. Ed. Engl. 1983, 22, 

(20) Uchida, I . ;  Shigamatsu, N .  J .  Antibiot. 1985, 38, 1462-1468. 
(21) Hamada, Y.; Shibata, M.; Shioiri, T. Tetrahedron Lett. 1985, 26, 

(22) Bhakuni, R .  S.; Shukela, Y .  N. Phytochemistry 1986, 26, 324-325. 
(23) Jeffs, P. W.; Muller, L. J.; Debrosse, C.; Sarrah, L.; Fisher, R. J .  Am.  

(24) Ross, C.; Tuttobello, L.; Ricci, M.; Casinovi, C. G. J .  Antibiot. 1987, 

(25) Teshima, T.; Nishikawa, M.; Kubota, I.; Shiba, T.; Iwai, Y . ;  Omura, 
S .  Tennen Yuk Kagobutso Toronkai Koen Yoshishu 1987, 29, 263-270; 
Chem. Abstr. 1988, 108, 91427g. 

(26) Kornberg, H. L.; Morris, J. G.  Nature (London) 1963,197,456-457. 
(27) Gibbs, R. G.; Morris, J. G. Biochim. Biophys. Acta 1964, 85, 

2344-2346. 

409-413. 

SOC. 1986, 108, 6429-6430. 

8 16-828. 

5155-5158. 

Chem. SOC. 1986, 108, 3063-3075. 

40, 130-133. 

501-503. 
(28) Ishiyama, T.; Furuta, T.; Takai, M.; Okimoto, Y.; Shimaza, H. J .  

Antibiot. 1975, 28, 821-823. 
(29) Jenkins, W. T. Anal. Biochem. 1979, 93, 134-138. 
(30) Wakamiya, T.; Teshima, T.; Kubota, 1. Bull. Chem. SOC. Jpn. 1974, 

47, 2292-2296. 
(31) Wakamiya, T.; Mizuno, K.; Teshima, T.; Shiba, T. Bull. Chem. SOC. 

Jpn. 1978, 51, 850-854. 
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