
3537 

derivative 5 in pure form after column chromatography on 
silica gel; IR (liquid film) 2560 cm -1 (SH). The endodisulfide 
unit in 6 could be prepared under carefully chosen conditions 
which precluded further oxidation and other side reactions.5 

Specifically, upon treatment of 5 with 1.5 equiv of active 
manganese dioxide in degassed toluene at —20 0C for 40 min 
under argon,6 6 was formed along with minimal side products, 
and could be isolated in 86% yield after column chromatog­
raphy on silica gel using cyclohexane-ethyl acetate (4:1) as 
eluent. Removal of the tetrahydropyranyl ether from disulfide 
6 (acetic acid-water-tetrahydrofuran, 12:3:2) at 40 0C for 1 
h afforded the disulfide analogue of PGH2 (1) in 49% isolated 
yield; [a]18

D +3.6° (c 0.6, chloroform).7 The structural as­
signment follows from (a) the mass spectrum (molecular ion 
at m/e 398.1959, calcd 398.1949); (b) the IR spectrum; and 
(c) a negative Ellman test8 on TLC assay.9 

Further support regarding the stereochemistry of product 
1 was obtained by the chemical synthesis of the 9,11 -epimer 
of 1. Thus, starting from the 15-tetrahydropyranyl ether of 
PGF2n methyl ester10 and using the same procedure used for 
the sequence, 2 to 1, there was produced 9/3,11/3-dithio ana­
logue 7. Although disulfides 1 and 7 are spectroscopically in­
distinguishable (IR and NMR), the thin layer chromato­
graphic behavior of 7 on silica gel using cyclohexane-ethyl 
acetate as eluent is different from that of compound 1: Rf 0.35 
for 1 and 0.33 for 7. In addition, 1 was very active biologically 
as an endoperoxide mimic whereas the epimer, 7, was not. 

Like the endoperoxides, cyclic sulfide 1 is very effective in 
contracting the aorta strips.1' Thus, analogue 1 was 24 times 
more active than PGH2 and 5000 times more active than PGE2 
in this assay. Endodisulfide 1 also caused marked, rapid and 
irreversible aggregation of platelets washed in Tyrodes solu­
tion.' 2 Further study of the biological activity of 1 is in prog­
ress.13 

The simple and effective synthesis of endodisulfide 1 de­
scribed above makes available a biologically active member 
of the PGH2 analogue series which, in contrast to the highly 
labile PGH2, does not undergo facile decomposition chemi­
cally14 and may not be rapidly metabolized in vivo.15 
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Phosphaferrocene 

Sir: 

Recently Braye and Joshi1 have described an attempted 
synthesis of a tetraphenyl-substituted phosphaferrocene by 
reaction of potassium 2,3,4,5-tetraphenylphospholyl with cy-
clopentadienyldicarbonyliron iodide. The CpFe(CO)2L u 
complex thus formed (L = phospholyl) was stable and did not 
lose CO upon heating to give the expected phosphaferrocene. 
This stands in sharp contrast to observations when L = pyrrolyl 
(see the synthesis of azaferrocene2). In view of our recent 
success in the synthesis of phosphacymantrenes,3 we thought 
that the failure of Braye and Joshi was not due to an intrinsic 
instability of the phosphaferrocene system but, more probably, 
to the high electron-withdrawing ability of the tetraphenyl 
substitution which destabilized the desired 7r-aromatic com­
plex. Since the synthesis of phospholyl anions4 does not give 
very satisfactory results with the less substituted P-phenyl-
phospholes, we studied the reaction of these phospholes with 
dicyclopentadienyltetracarbonyldiiron, 1. We expected a 
cleavage of the P-phenyl bond of P-phenylphospholes in the 
same way as with decacarbonyldimanganese.3 Indeed, reac­
tions of an equimolecular amount of 1 in boiling xylene at 150 
0C with the phospholes 2 and 35 afford, inter alia, the expected 
phosphaferrocenes 4 and 5, respectively. 

R. .R 
[ ( C 5 H 5 ) F e ( C O ) 2 ] ; 

150 C, xylene, 5 - 6 h 

C6H5 

R = H 2 
R = CH, 3 

4 yield -30% mp -152 0C dec 
5 -20% 780C 

Both phosphaferrocenes are orange solids which appear to 
be less stable than the corresponding phosphacymantrenes. 
They are recovered from the reaction mixture by column 
chromatography (silica gel 60 merck, 70-230 mesh). They 
form an orange band which is eluted first by a benzene-hexane 
mixture (20-80).6 

We give hereafter their 1H NMR and mass spectral data. 
Other data (analytical, IR, and 13C and 31P NMR) will be 
reported elsewhere. 1H NMR (60 MHZ, CDCl3, internal 
Me4Si): 4 5 4.03 (d of m, 7 H -P = 38 Hz, Ha), 4.35 (s, C5H5), 
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Figure 1. Structure of the phosphaferrocene 5 showing the 50% probability 
ellipsoids. Selected bond distances (in A) are: C(l)-C(2), 1.408 (7); 
C(2)-C(3), 1.414(6);C(3)-C(4), 1.403 (7); P-C(I), 1.758 (5); P-C(4), 
1.768 (5);C(2)-C(5), 1.503 (8); C(3)-C(6), 1.516 (8); C(7)-C(8), 1.378 
(12);C(8)-C(9), 1.411 (9);C(9)-C(10), 1.412 (10); C(IO)-C(11), 1.393 
(10);C(11)-C(7), 1.399 (10); Fe-P, 2.276(1); -C(I), 2.064 (4); -C(2), 
2.046 (4); -C(3), 2.040 (4); -C(4), 2.051 (4); -C(7), 2.046 (6); -C(8), 
2.036 (7); -C(9), 2.027 (6); -C(IO), 2.039 (5); -C(11), 2.045 (4). 
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5.25 (overlapping d of m, JH-p ~ 6 Hz, H/3); 5 5 2.17 (s, CH3), 
3.71 (d, 7H-p = 36 Hz, Ha) , 4.13 (s, C5H5). Mass spectra (70 
eV, 40 0 C ; main peaks only): 4 m/e 204 (/ = 100%, M), 139 
(/ = 13%, M-C5H5), 121 (/ = 14%, M-C4H4P), 56 (7 = 14%, 
Fe); 5 m/e 232 ( / = 100%, M), 166(7= 17%, M-C5H6), 121 
(7 = 8%, M-C6H8P), 56 (7 = 10%, Fe). 

Preliminary experiments have shown that 5 can be selec­
tively acetylated on the phospholyl moiety: 

H1C CH, 
ICH 3 COCl + IAlCl 3 

CH2Cl2 , 25 C 

- [ ^ - F e - ^ O X)CH1 

The site of acylation was unambiguously established on the 
basis of the ' H NMR spectrum of 6: 8 2.18 (s, CH3(S'). 2.28 
(d, 7H-p ~ 2.6 Hz, COCH3), 2.43 (s, CH3/3), 4.03 (d, JH-P = 
36 Hz, 1 H, CHP), 4.13 (s, 5 H, C5H5). 

The chemical data thus clearly suggest a Tr-aromatic nature 
for the phospholyl ligand. This nature was unequivocally 
proved by the x-ray study of 5. 

Suitable crystals of 5 were obtained by vacuum sublimation 
at 40 0 C . They belong to the monoclinic system, space group 
P2i/c-C2„

5) with a = 12.292 (4) A, b = 10.824 (3) A, c = 
7.831 (2) A, $ = 91.60 (4) °, Z = 4, and pc = 1,48 g/cm3 . 

Diffraction data were collected in a 6/26 scan mode using 
a Picker diffractometer and monochromated Mo Ka radiation. 
The structure was solved by direct methods7 and refined to 
convergence using 1279 reflections having / > 3o- (/). The 
value for the conventional agreement factor 7?F = 2 | | F 0 | — 
IFc 11 / SIF0 \ at the present stage of refinement is 0.041. 

The structure (Figure 1) consists of discrete molecules in 
which an iron atom is sandwiched between a x bonded cyclo-
pentadienyl ring and a -K bonded phospholyl group so as to 
attain an eclipsed conformation. 

The phospholyl ligand is not strictly planar; the phosphorus 
atom lies out of the strictly planar four-membered carbon 
moiety by 0.041 (2) A away from the iron atom. Selected 
geometric details are given in the caption of Figure 1. 

The planar cyclopentadienyl ring and the planar four-
membered carbon moiety C4(P) of the phospholyl are nearly 
parallel, the dihedral angle is 3.18°. The iron atom is located 
somewhat closer to the C4(P) plane: Fe-C 4 (P) = 1.625 (1) 
A whereas F e - C 5 H 5 = 1.655 ( I ) A . 

Acknowledgment. One of us (F.M.) thanks Mrs. Maillet for 
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The Dependence of Phenol-Dienone Tautomerism upon 
the Hydrogen Bonding Characteristics of the Solvent: 
3,5-DipyrroIidinophenoI 

Sir: 

The observation that the dianion of phloroglucinol exists 
predominately as the cyclohexa-2,5-dienone (1),' and the 
monoprotonated form of 1,3,5-triaminobenzene as the anal­
ogous form 22 suggests the intriguing possibility that appro-

XX-
4NH, 

O 
2 

priately substituted benzenes may exist preferentially as such 
a structure in a nonionic state. In the course of his extensive 
investigations of polyamino benzenes, Effenberger examined 
a series of 3,5-diaminophenols, 3a-c, with this point in mind.3 

OH 

' \ 
^ / N R 2 

a 

b 

C 

R2 = (CH2)4 

R2 = (CH 2 )s 

R = CH3 
R,N 

However, 1H NMR spectra of these materials in dimethyl 
sulfoxide solution showed only aromatic forms present. 
Strikingly, the ultraviolet absorption reported for 3,5-dipyr-
rolidinophenol, 3a, showed a maximum at 370 nm, with an 
extinction coefficient of 3050 L mol - 1 c m - 1 in methanol.3 We 
show here that this absorption is characteristic of a cyclo-
hexa-2,4-dienone form, 4, which may predominate in solvents 
of appropriate hydrogen-bonding character. 

The ultraviolet absorption spectra of 3a in three solvents are 
shown in Figure 1. The absorption in dimethyl sulfoxide is that 
of a phenol, corresponding to the form shown by the 1H NMR 
spectrum, but that in water shows a maximum at 375 nm (e = 
15 300). As it seemed reasonable to speculate that it is the 
ability of water to donate a hydrogen bond which stabilizes the 
carbonyl group of the dienone form, a solvent was sought which 
retains this ability, while being capable of dissolving enough 
of 3a to allow study by NMR spectra. Trifluoroethanol proved 
to be suitable.4 

The addition of trifluoroethanol to a deuteriochloroform 
solution of 3a caused increasing amounts of olefinic absorption 
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