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Figure 2. Schematic representation of biocompatible catalysis in a syn-
thetic muliicomponcent redox membrane containing pyruvate, pyruvate
oxidase (PO), amphiphilic flavin (11). MaMChPCl (1), ethylbenzene, and
DPPC.

MnCHP (»)

The membrane-spanning tetrakis[o-(3-hydroxy-5-cholenoyl-
amino)phenyl}porphyrin (H,ChP) and its manganese(111) de-
rivative (MnChPCl, 1) were prepared as we have previously de-
scribed.* The amphiphilic flavin (AmF], 11) was synthesized from
6,7-dimethyl-9-formylisoalloxazine®® by reductive amination with
N.N-dioctylamine, subsequent N-alkylation with ethyl 4-
bromobutyrate, and acid hydrolysis of the ethyl ester.

The reduction of Mn'"ChPC! to Mn(1I) (1) in dipalmitoyl-
phosphocholine (DPPC) vesicles* was followed by changes in the
visible absorption spectrum following the injection of oxygen-free
sodium pyruvate (Figure 1). Under these conditions the time
course of the reduction of Mn(111) to Mn(I1) was found to be
triphasic (Figure | inset). No reduction of Mn(111) was observed
in the absence of the enzyme, and only traces of Mn(Il) were
observed over a 24-h period if the amphiflavin (11) was omitted
or was replaced by flavin adenine dinucleotide (FAD). Fur-
thermore, in a scparate experiment, we found that the pyruvate
oxidase/pyruvate system reduced the amphiphilic flavin (11)
rapidly in vesicles lacking Mn(ChP)Cl. Thus, we conclude that
the rate-determining step in this reduction is electron transfer from
AmFl1 (11) to Mn"!'ChPCL.

Next we investigated the enzymic reduction of | in the presence
of molecular oxygen and ethyl benzene. Vesicles containing 40
umol of DPPC, 10 umol of ethylbenzene, 0.1 umol of Mn(ChP)Cl,
0.2 umol of amphiflavin (11), and 4 umol of N-methylimidazole
were prepared by sonication in 4 mL of buffer solution. Following
the addition of 2 nmol of pyruvate oxidase, the reaction mixture
was allowed to stand at 30 °C for 15 h. Products were isolated
as we have previously described and analyzed by GC and GC-MS
vs authentic samples. Acetophenone was obtained in 20% con-
version, representing 20 turnovers of the Mn(111) catalyst. In
separate experiments we found that no oxygenation took place
when any of the components was omitted.

These results can be explained as follows. Pyruvate oxidase
catalyzes the oxidative decarboxylation of pyruvate to acetate and
carbon dioxide and the concomitant reduction of the tightly bound
FAD cofactor to FADH,.67 Thiamine pyrophosphate and Mg?*
are known to be cofactors of this reaction. The enzyme has been

(5) (a) Fall, H. H.; Petering, H. G. J. Am. Chem. Soc. 1956, 78, 377. (b)
Spectral properties of 11: 'H NMR (270 MHz in CDCl3) § 12.45 (1 H, br),
8.64 (1 H.s).8.04 (1 H,s), 5.32(2H.1).4.15 (2 H, 1), 3.47 (2 H, br), 3.23
(4 H.br), 2.72 (3 H.s). 2.45 (3 H,s). 2.39 (2 H, t), 2.07 (2 H. m). 1.40 (4
H, br), 1.30 (20 H. br), 0.87 (6 H. t). Methyl ester of 1I: MS [El, m/e (rel
intensity)] 609 (10), 370 (24). 266 (45), 252 (70), 168 (100).

(6) Pyruvate oxidase (E. coli) was a generous gift of Dr. Y. Y. Chang and
Professor J. E. Cronan at the University of 1llinois.

(7) Gennis, R. B Hager. L. P. In The Enzymes of Biological Membranes;
A. Martonosi. Ed.: Plenum: New York, 1976: Vol. 2, pp 493-504.
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shown to bind to phospholipid vesicles when the cofactors and the
substrate are simultaneously present.® It has been suggested that
a change in the conformation of the protein exposes a mem-
brane-binding hydrophobic peptide segment.’ It is expected that
the amphilic flavin (11) will bind to the vesicle wall such that one
edge of the isoalloxazine ring penetrates into the bilayer interior
while the other edge is near the lipid-water interface to accom-
modate the two alkyl groups and the amino acid ion pair. This
component thus serves not only as the initial electron acceptor
for the reduced enzyme but also as the reductant for the mem-
brane-spanning Mn''(ChP)Cl located at the center of the bilayer.*
Figure 2 depicts the sequence of chemical events that take place
upon introduction of pyruvic acid to the multicomponent catalytic
system: (1) binding of the enzyme to the vesicles, (2) oxidative
decarboxylation of pyruvic acid with the concomitant reduction
of enzyme-bound FAD to FADH,, (3) electron transfer from
FADH, to AmFI (11), (4) reduction of Mn'"'ChPCI (1) to Mn(II)
by reduced AmF!, and (5) binding and reductive activation of
molecular oxygen to produce a high-valent manganese oxo species
responsible for hydrocarbon oxidation.!?

Thus we have shown that a properly arranged catalytic bilayer
assembly can productively harvest electrons from a membrane-
bound redox enzyme. This approach can also be used to probe
the relative position of membrane components and the pathways
for trans-membrane electron transfer.
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and references therein.
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(b) As we have shown elsewhere, the oxidation of methylene groups directly
to ketones by manganese porphyrins results from the capture of the inter-
mediate secondary radicals by oxygen. Cf.: Groves, J. T; Viski, P. J. Org.
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Protonation reactions of low-valent alkylidyne, or Fischer-type
carbyne, complexes have been observed to lead to alkylidyne
hydride metal complexes or alkylidene complexes or to result in
further transformations of the alkylidyne ligands."? The outcome
of these reactions depends strongly on the nature of the ancillary
ligands.> For example, we obtained the complexes [W(CPh)-
Bry(H)(PMe;);] (1), [W(CHPh)Cl,(CO)(PMe,),] (2). and [W-
(CHPh)Cl,(PhC,Ph)(PMe;),] (3) from protonation reactions of
alkylidyne metal complexes.* These complexes differ overall only
in a single ligand (PMe;, CO, and PhC,Ph, respectively, neglecting
the difference in the halides, yet 1 is an alkylidyne hydride metal

(1) (a) Holmes, S. J.; Clark, D. N.; Turner, H. W.; Schrock, R. R. J. Am.
Chem. Soc. 1982, 104, 6322. (b) Bottrill, M.; Green, M_; Orpen, A. G,;
Saunders, D. R.; Williams, 1. D. J. Chem. Soc., Dalton Trans. 1989, 511.

(2) (a) Kreissl, F. R.; Sieber, W. J.; Keller, H.; Riede, J.; Wolfgruber, M.
J. Organomet. Chem. 1987, 320, 83. (b) Kim, H. P.; Kim, S.; Jacobson, R.
A.; Angelici, R. J. Organometallics 1984, 3, 1124. (c) Howard, J. A. K.;
Jeffery, J. C.; Laurie, J. C. V.; Moore, 1.; Stone, F. G. A.; Stringer, A. Inorg.
Chim. Acta 1988, 100, 23. (d) Garrett, K. E.; Sheridan, J. B.; Pourreau, D.
B.; Feng, W. C.; Geoffroy, G. L.; Staley, D. L.; Rheingold, A. L. J. Am.
Chem. Soc. 1989, 111, 8383.

(3) Mayr, A. Comments Inorg. Chem. 1990, 10, 227.

(4) (a) Mayr, A,; Asaro, M. F.; Kjelsberg, M. A,; Lee, K. S.; Van Engen,
D. Organometallics 1987, 6, 432. (b) Mayr, A,; Lee, K. S.; Kjelsberg, M.
A Van Engen, D. J. Am. Chem. Soc. 1986, 108, 6079.
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Figure 1. Molecular structure of complex 5. Selected bond distances (A)
and angles (deg): C(1)-N(1), 1.27 (1); W(1)-CI(1), 2.417 (2); W-
(1)-C1(2). 2.446 (2); W(1)-CI(3), 2.392 (2); W(1)-C(1), 2.014 (7);
W(1)-C(13).1.966 (9): W(1)-N(1), 1.982 (6); W(1)-P(1), 2.508 (2);
CI(1)-W(1)-Cl1(2), 84.70 (9); CI{(1)-W(1)-C1(3), 91.01 (9); CI(1)-W-
(1)-P(1), 78.67 (8): CI(1)-W(1)-C(13), 76.5 (3); C1(2)-W(1)-N(1),
89.3 (2); C(1)-W(1)-C(13), 72.8 (3); C(1)-W(1)-N(1), 36.9 (3); C-
(1)=-N(1)-C(9), 134.4 (7): N(1)-C(1)-C(2), 138.7 (8).
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complex, in 2 the C-H bond of the alkylidene ligand is interacting
with the metal center, and 3 exhibits characteristics of an elec-
tronically saturated alkylidene metal complex. To test the potential
influence of isocyanide ligands in this series of complexes, we
investigated protonation reactions of the complex [W(CPh)Cl-
(CNCMe;)(CO)(PMe;),] (4). This study shows that the primary
site of protonation of complex 4 is the alkylidyne carbon and
demonstrates the occurrence of competing secondary reactions
leading to products derived from protonation at the alkylidyne
carbon or at the isocyanide nitrogen atom.

The reaction of complex 4 in CH,Cl, with 3 equiv of dry
gaseous HCI affords two products (Scheme 1). [WCl;(n*
PhCH,CNCMe,)(CO)(PMe,)] (5) is the major product.® After
recrystallization from CH,Cl,/hexane, § is obtained as light green

(5) §: mp 129-131 °C; IR (em™, CH,Cl;) vco 1993; 'H NMR (ppm,
CDCly) 7.4-7.2 (m, 5 H, Ph), 5.80 (d, | H) and 5.60 (d, J = 14.4 Hz, | H.
CH,Ph), 1.77 (s, 9 H. (CH;);NC), 1.50 (d, 9 H, PMe;); 1*C NMR (ppm,
CH,Cl,) 241.2 (CCHJ), 216.8 (CO), 39.5 (CH,); P NMR (ppm, CDCly)
—-20.7 (Jcw = 278 Hz, P(CH,);). Anal. Caled for C¢H;sCl,PONW (sample
recrystallized twice): C, 33.80: H, 4.43: Cl, 18.71. Found: C, 34.92: H, 4.50;
Cl, 17.45.
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Figure 2. Molecular structure of complex 6. Sclected bond distances (&)
and angles (deg) (values are for one of two molecules in asymmetric unit
cell): C(1)-C(2), 1.34 (1); C(1)-N(1), 1.32 (1); C(2)-C(3), 1.48 (1);
W(1)-CI(1), 2.523 (3); W(1)-Cl1(2), 2.473 (3); W(1)-C(1), 1.995 (9);
W(1)-C(2), 2.014 (9); W(1)-C(19), 1.96 (1); W(1)-P(1), 2.513 (4);
W(1)-P(2), 2.501 (4); C(1)-C(2)-C(3), 142.8 (9): C(2)-C(1)-N(1),
146.8 (9); C(2)-W(1)-C(19), 75.3 (4); C(1)-W(1)-ClI(1), 81.0 (3);
CI(1)-W(1)-C1(2), 84.4 (1); C1(2)-W(1)-C(19), 80.2 (3); P(1)-W-
(1)-P(2), 166.9 (1); C(1)-W(1)-C(2), 39.2 (3).

crystals in 53% yield. The molecular structure® of 5 is shown in
Figure 1. It reveals the presence of a tightly bound #?-nitrilium
ligand, which is derived from combination of a doubly protonated
alkylidyne (benzyl) ligand with the isocyanide ligand. [WCl,-
(PhCCNHCMe,)(CO)(PMe,),] (6) is the minor product (<10%
by IR).” The molecular structure® of complex 6 is shown in Figure
2. It features an aminoalkyne ligand, which is derived from
combination of the akylidyne ligand with a protonated isocyanide
ligand. The structure and bonding of complexes 5 and 6 are
related to those of well-established alkyne complexes of the type
[WX,(alkyne)(CO)L,}, in which the alkyne is acting as a four
electron donor ligand.®

To learn more about the pathways of formation of 5§ and 6,
additional experiments were carried out. Protonation of 4 with
1.1 equiv of CF,SO;H in CH,Cl, affords [W(CHPh)CI(CO)-
(CNCMe;)(PMe,),][CF,S0,] (7a). The benzylidene ligand
in complex 7a contains an agostic C—H bond as evidenced by the
proton resonance at § -3.0 and a C-H coupling constant of 67
Hz.!'* Addition of 1 equiv of NEt,Cl to 7a causes only a slight
shift of spectroscopic parameters, indicating the exchange of CI~
for CF3SO;™ in (presumably ion-paired) 7a to form [W-
(CHPh)CI(CO)(CNCMe,),}[Cl] (7b).° The alkylidene complex
7 is easily deprotonated with NEt, to give back 4. With only a

(6) Crystal data for § and 6. 5: WC,PNOC (H,s, FW = 568.56, or-
thorhombic, Pbca, a = 1438 (1) A, 5 =15.227 (2) A, c = 19.458 3) A, V
= 4261 (4) A}, Z = 8, pees = 1.77 g em™, (Mo Ka) = 61.9 cm™, 1980
unique observed data, 3° < 26 < 50°, R = 0.027, R, = 0.034. 6: W,Cl,-
P,C330,N;Hgq, FW = 1216.36, monoclinic, C2/C (No. 15), a = 34.487 (7)
A b=11381(7),c=32084(6)A,3=12476 (2)°, V= 10345 A%, Z =
8, Peated = 1.562 g cm™!, p(Mo Ka) = 49.0 cm™, 4895 unique observed data,
3° <20 <50° R =0.035, R, = 0.039. All intensity measurements were
made at room temperature, using graphite-monochromated Mo K« radiation
(A =0.71069 A), and a variable-rate, w—26 scan technique. Empirical ab-
sorption corrections were applied. The structures were solved by conventional
heavy-atom methods and refined by full-matrix least squares. All calculations
were performed by using the TEXRAY programs.

(7) 6: mp 185-188 °C dec; IR (cmi, CH,Cl,) veo 1937, vy 1677, 'H
NMR (ppm, CDCl,) 7.50 (br, 1 H, NH), 7.45-6.8 (m, 5 H, Ph), 1.42 (t, 18
H, PMey), 1.18 (s, 9 H, (CH,),C); 'C NMR (ppm, CDCl;) 230
(CNHCMe;), 208 (CPh), 202 (Jpe = 17 Hz, CO); *'P NMR (ppm, CDCl;)
-20.5 (Jcp = 278 Hz, P(CH;);). Anal. Caled for C\gH;;Cl,P,NOW: C,
37.52; H, 5.47. Found: C, 37.63; H, 5.41.

(8) Templeton, J. L. Adv. Organomet. Chem. 1989, 29, 1.

(9) 7a; IR (em™, CH,Cl,) vco 1993; 'H NMR (ppm, CDCl;, —40 °C)
-3.0 (CHPh); C NMR (ppm, CD,Cl,, -40 °C) 231 (J¢,; = 67 Hz, CHPh),
218 (CO). 7b: IR (cm™, CH,Cl,) 1996; 'H NMR (ppm, CDCl;) -2.5
(CHPh); 13C NMR (ppm, CD,Cl,, —40 °C) 243 (Jcy = 67 Hz, CHPh).
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slight excess of NEt,Cl(-xH,0)'® (1.2 equiv) 7 transforms at 20
°C within 15 min to 6 without a detectable amount of 5. However,
formation of the nitrilium complex § is favored by an increase
in chloride concentration. For example, upon addition of a 10-fold
excess of NEt,Cl(-xH,0) to 7 at room temperature, a 1:2 mixture
of 5 and 6 (estimated by IR) forms within 15 min.'® The
transformation of 7b to 6 can also be induced by addition of
CH,;0H.""* When CH,OH is used as the solvent, the reaction
of 4 with HCI (gas or concentrated aqueous HCI) affords only
6. From the latter reaction, complex 6 may be isolated in 83%
yield after chromatography on silica (CH,Cl,/hexane, 1:1; -40
°C) and recrystallization from THF /hexane.

These experiments show that the preferred site of protonation
of 4 is the alkylidyne carbon (MC = bond). The resulting al-
kylidene ligand is easily deprotonated, but it does not rearrange
into an alkylidyne hydride system, nor does it undergo coupling
with either the carbonyl or isocyanide ligand. Formation of the
nitrilium complex § is proposed to involve addition of Cl”to 7 to
give the seven-coordinate alkylidene complex [W(CHPh)Cl,-
(CNCMe;)(CO)(PMes),] (8). The postulation of 8 as an in-
termediate is based on the observation that an increase of the
chloride ion concentration favors formation of 5. A second pro-
tonation of the former alkylidyne carbon in 8, followed by mi-
gration of the generated benzyl ligand to the isocyanide ligand,!?
would generate the nitrilium ligand. Final substitution of tri-
methylphosphine by choride would then give 5. An analogous
reaction of [W(CC¢H,-4-CH;)(n*-CsH;)(CO),] with HCI, re-
sulting in formation of the n?-acyl complex [WCl,(n*-
OCCH,C¢H,-4-CH,) (n>-CsH;)(CO)}, was reported by Kreissl.2
The formation of the aminoalkyne complex 6 is facilitated by the
presence of H,0O or CH;OH. These reagents are believed to play
a dual role: to reduce the nucleophilicity of the chloride ions, thus
inhibiting formation of 8, and to act as weak bases for the transfer
of the proton from the alkylidyne carbon atom to the isocyanide
nitrogen atom, thereby generating the alkylidyne aminocarbyne
metal complex [W(CPh)(CNHCMe;)CI(CO)(PMe,),]* (9).
Whether the actual ligand-coupling step to give the aminoalkyne
occurs spontaneously after proton transfer or the chloride ion is
actively assisting this step is under current investigation.!'® The
proton-induced coupling of alkylidyne and isocyanide ligands'?
was recently demonstrated by Filippou.!* Proton and electro-
phile-induced coupling reactions of carbyne ligands with isocyanide
and carbony! ligands were previously postulated and recently
demonstrated by Lippard to be involved as key steps in coupling
reactions of isocyanide and carbon monoxide ligands.'?

According to molecular orbital calculations on low-valent al-
kylidyne complexes, the HOMO in various systems may be a filled
metal d orbital, the MC = bond(s), or a ligand-centered orbital.!¢

(10) NEt,Cl-xH,0 was dried in vacuo at 80 °C for 1 h. This material still
contains residual H,0. 1If NEt,Cl is dried at 80 °C (1072 Torr) for 6 h,
complex § is obtained as the main product. However, in this case formation
of 6 as the only product is achieved by addition of one drop of water prior to
the addition of NEt,Cl. Reactions were reproducible for given batches of
NE1,Cl.

(11) (a) Methanol was also found to assist formation of an aminoalkyne
ligand in the triftate salt 7a. Addition of a small amount of methanol to a
solution of 7a in CH,Cl, affords [WCI(CF,SO,;)(CO)(PhCCNHCMe,)-
(CO)(PMe,),], 10: 108-110 °C dec; IR (cm™, ether) vcg = 1957, ey =
1651; '"H NMR (ppm, CDCl,) 8.18, (br, | H, NH), 6.7-7.4 (m, 5 H, C,Hs),
1.41 (t, 18 H, P(CH,;);), 1.12 (s, 9 H, C(CHj,),); '*C NMR (ppm, CDCl;)
230.6 (CNHCMe;), 209.1, 206.8 (CPh and CO), 119.1 (q, CF,S0,). (b) This
result shows that a strongly nucleophilic anion does not need to be involved
in the proton-induced alkylidyne-isocyanide coupling step.

(12) For isocyanide alkyl migratory insertion reactions, see, for example:
Durfee, L. D.; Rothwell, I. P. Chem. Rev. 1988, 88, 1059.

(13) The proton-induced alkylidyne—isocyanide coupling is related to the
previously demonstrated formal coupling of two alkylidyne ligands.
McDermott, G. A.; Mayr, A. J. Am. Chem. Soc. 1987, 109, 580.

(14) (a) Filippou, A. C.; Griinleitner, W. Z. Naturforsch. B 1989, 44,
1023. (b) Filippou, A. C. Polyhedron 1990, 9, 727.

(15) (a) Vrtis, R. N.; Rao, C. P,; Warner, S.; Lippard, S. J. J. Am. Chem.
Soc. 1988, 110, 2699. (b) Carnahan, E. M.. Lippard, S. J. J. Am. Chem. Soc.
1990, /12, 3220.

(16) (a) Kosti¢, N. M.; Fenske, R. F. Organometallics 1982, 1, 489. (b)
Ushio, J.; Nakatsuji, H.; Yonezawa, T. J. Am. Chem. Soc. 1984, 106, 5892.
(lc2)6P(1)219et, J. M.; Strich, A.: Wiest, R.; Bénard, M. Chem. Phys. Let1. 1986,
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However, the alkylidyne carbon is consistently calculated to carry
a net negative charge, thus favoring charge-controlled attack at
this atom. This work shows that the preferred site of protonation
in the alkylidyne isocyanide complex 4 is the alkylidyne carbon.
Protonation at the isocyanide ligand is thermodynamically much
less favorable, but given the proper reaction conditions, it can
become a step along the major reaction pathway.
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Nature’s ability to catalyze the monooxygenation of unactivated
C-H bonds in steroids employing enzymatic systems (e.g., cyto-
chrome P-450) has long been recognized.! In contrast, chemist’s
attempts to mimic nature by replacing a hydrogen atom attached
to an unactivated carbon of a steroid with a hydroxyl group, while
maintaining the integrity of the carbon atom, constitute a for-
midable challenge.? Despite the fact that the use of covalently
attached templates to catalyze the remote functionalization of
steroids was introduced by Breslow? over 20 years ago, the direct
remote hydroxylation of steroids with high predictability and
specificity has yet to be accomplished.

We report that synthetic metalloporphyrins attached to steroidal
substrates catalyze the hydroxylation of unactivated carbons with
iodosylbenzene as the source of oxygen (cf. 1 — 3).45 By ma-
nipulation of the length of the tether linking the steroid to the
template, the intermediate oxometalloporphinate can be directed
to abstract a hydrogen atom at either the C(12), C(14), or C(17)
position, thereby leading to hydroxyl incorporation at these sites.

In a preliminary study, the manganese(I11) (m-((androsta-
nyloxy)carbonyl)phenyl)triphenylporphyrin 1 (R = OMe)® was

(1) Ortiz de Montellano, P. R., Ed. Cytochrome P-450, Structure,
Mechanism and Biochemistry; Plenum Press: New York and London, 1986.
Takemori, S.; Kominami, S. Trends Bio. Sci. 1984, 9, 393.

(2) Mazur, Y. Pure Appl. Chem. 1975, 51, 145. Also see: Breslow, R.;
Baldwin, S. J. Am. Chem. Soc. 1970, 92, 732. Barton, D. H. R.; Géktiirk,
A. K,; Morzycki, J. W.; Motherwell, W. B. J. Chem. Soc., Perkin Trans. |
1985, 853. Rozen, S.; Brand, M.; Kol, M. J. Am. Chem. Soc. 1989, 111, 8325,

(3) Breslow, R. Acc. Chem. Res. 1980, 13, 170. Breslow, R. Chemtracts:
Org. Chem. 1988, I, 333,

(4) For model systems that mimic the hydroxylation of cytochrome P-450
and related systems, see: Groves, J. T.; Nemo, T. E.; Myers, R. 8. J. Am.
Chem. Soc. 1979, 101, 1032. Chang, C. K.; Kuo, M.-S. Ibid. 1979, 101, 3413.
Hill, C. L.; Schardt, B. C. Ibid. 1980, 102, 6375. Groves, J. T.; Kruper, W.
J., Jr.; Haushalter, R. C. Ibid. 1980, /02, 6377. Mansuy, D.; Bartoli, J. F;
Momenteau, M. Tetrahedron Let1. 1982, 23, 2781. Groves, J. T.; Nemo, T.
E. J. Am. Chem. Soc. 1983, 105, 6243. Dolphin, D.; James, B. R.; Leung,
T. Inorg. Chim. Acta 1983, 79, 25. Traylor, P. S.; Dolphin, D.; Traylor, T.
G. J. Chem. Soc., Chem. Commun. 1984, 279. Hill, C. L.; Brown, R. B., Jr.
J. Org. Chem. 1988, 53, 5762, Battioni, P.; Renaud, J. P.; Bartolj, J. F.;
Reina-Artiles, M.; Fort, M.; Mansuy, D. J. Am. Chem. Soc. 1988, 110, 8462.

(5) The selective C(25) hydroxylation of cholesterol has been achieved in
ca. 2.0% yield (based on cholesterol) by employing a catalytic membrane-
spanning manganese(I11) porphyrin (Groves, J. T.; Neumann, R. J. Org.
Chem. 1988, 53, 3891).
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