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Disappearance of the a-Effect: Reaction of p-Nitrophenyl Acetate
with Various Aryloxides and Benzohydroxamates in the Presence
of Cetyltrimethylammonium Bromide

Dong-Sook Kwon, Seung-Eun Lee, Jin-Kyung Jung, Jong-Yoon Park', and Ik-Hwan Um*

Department of Chemistry, and 'Department of Science Education, Ewha Womans University,
Seoul 120-750. Received March 4, 1992

The rate constants for the reactions of p-nitrophenyl acetate with 6 different aryloxides and 2 benzohydroxamates
have been measured spectrophotometrically in water containing various concentrations of cetyltrimethylammonium
bromide (CTAB). The reactivity of the nucleophiles has been demonstrated to be significantly enhanced as the concen-
tration of the surfactant increases up to a certain point. When the basicities of the aryloxides are comparable, the
rate enhancement is more prominent for the aryloxide having larger binding constant to the micellar aggregate.
Benzohydroxamates exhibitis significantly large a-effect in the absence of the surfactant, although, the a-effect
nucleophiles are considered to be more solvated in water than the corresponding normal nucleophile. Thus, the
solvation effect does not appear to be solely responsible for the a-effect. Interestingly, the large a-effect disappears
in the presence of the surfactant. Therefore, one might attribute the disappearance of the a-effect to solvent effect.
However, a structural change of the reactive a-effect nucleophile into unreactive ones would also be considered
to be responsible for the absence of the a-effect in the present system.

Introduction

Rationalization of nucleophilicity has intrigued organic
chemists for some decades and numerous factors have been
suggested to be important for correlation of nucleophilic reac-
tivity.!~® Among them, the basicity of nucleophiles has most
successfully been used as a measure of nucleophilicity.? How-
ever, a group of nucleophiles containing a hetero atom in
the a-position from the reaction center has exhibited abnor-

mally higher nucleophilicity than would be expected from
their respective basicity. Thus, the enhanced reactivity of
these nucleophiles hds been termed the a-effect. The origin
of the a-effect has not been well understood.® Particularly,
the theory concerning solvent effect has been contradictory,
te., some studies have claimed solvent effect is unimportant
for the a-effect® but other studies have suggested that solva-
tion should be an important factor.’

Recently a series of systematic studies has revealed that
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the a-effect is significantly medium dependent for the reac-
tion of p-nitrophenyl acetate (PNPA) with butane-2,3-dione
monoximate and 4-chlorophenoxide as an a-effect nucleo-
phile and its corresponding normal nucleophile, respectively,
in various solvent systems? We now extend our study to
a differnt type of a-effect nucleophile, benzohydroxamate,
in aqueous medium containing various concentrations of
cetyltrimethylammonium bromide (CTAB) as shown in Eq.
(1) and wish to report the kinetic results together with the
binding constants (Ks) of nucleophiles to the cationic micelles
of CTAB.

0 0
CHyC-0{OPNO; + Nu™ = CHL-0{ONO,
Nu

0
CH,C-Nu » ‘0©N02 o)

Nu™= X400 s X= p-H(1), p-Me(2),p-El(a)
p-Cl(4),m-CI(5), p-CN(6)

0
Y@E-NHO': Y= p-H(7), p-Me(8)

Experimental

Materials. The substrate PNPA was easily prepared by
literature procedures using acetyl chloride and 4-nitrophenol
in the presence of triethylamine as a catalyst in anhydrous
ether.? Benzohydroxamic and 4-methylbenzohydroxamic acids
(7, 8) were also synthesized by the known method using
hydroxyl amine and corresponding benzoyl chlorides.’® The
purity was checked by means of their melting point and spec-
tral data such as IR and 'H-NMR characteristics. The phe-
nols and CTAB used in the present study were of the hi-
ghest quality available (Aldrich) and generally recrystalized
before use. Doubly glass distilled water was boiled and
cooled under a nitrogen atmosphere. All the solutions were
prepared just before use.

Measurement of Binding Constant (Ks). Binding con-
stants (Ks) of the anions were determined by literature me-
thods! using Eq. (2),

Ks= [SM]/{ [Swl((CTAB]—cmc— [SM])} (2)

where Sy and Sy represent solute in aqueous and micellar
pseudophases, c¢mc is the critical micelle concentration, and
concentrations are expressed as molarities. The absorbance
of the individual anions (2X107* M) was measured at 305,
310, 310, 314, 305, 296, and 296 nm for the anions of 1,
2, 3, 4, 5 7, and 8, respectively, using a Hitachi U-2000
Model UV-VIS spectrophotometer at 25.0+/—0.1C . Experi-
ments were performed in 0.02 M NaOH solution containing
CTAB over a range up to 3X1072 M which is large enough
to neglect changes in the emc due to the solute.
Kinetics. The kinetic studies were performed with a
Shimazu UV-120-02 Spectrophotometer equipped with a Nes-
lab RTE-110 Model constant temperature circulating bath
to keep the reaction temperature at 25.0+/—0.1C. The re-
actions were followed by monitoring the appearance of the
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Table 1. Summary of Binding Constants (Ks) of Aryloxides and
Benzohydroxamates to Micelle of CTAB at 25C

Nu~ K;, M! i
CeH:;0~ 1800+ 80 (1980r 0.00
4-Me-C:H,0~ 3200+ 150 (3350y 0.56
4-Et-C¢H,O~ 4570+ 210 (5320y 1.02
4-CI-CH,0O~ 7400+ 340 0.71
3-CI-CH, O~ 7490+ 310 0.71
CeH:C(O)NHO~ 650+ 30 —
4-Me-C:H,C(O)NHO~ 870+ 40 -

“Data from ref. 11. *Lipophilicity constant for the substituent
on phenyl ring, data from ref. 14.
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Figure 1. Plots showing dependence of k. on the nucleophile
concentration for the reaction of PNPA with benzohydroxamate
(7: left hand side scale) and m-chlorophenoxide (S: right hand
side scale) in H;O at 25C.

leaving 4-nitrophenoxide ion at 400 nm. In the case of the
reactions run in the presence of CTAB, the concentration
of reactants were diluted to 1.0X107°* M and 2.00X10°* M
for the substrate and nucleophiles, respectively, in order to
minimize perturbation of micellar structures. Other detailed
kinetic procedures have been described in the previous re-
ports.!?

Results

The binding constants (Ks) for the aryloxides (1-5) and
benzohydroxamates (7, 8) are summarized in Table 1 toge-
ther with the lipophilicity constant (m) of the substituent on
the phenyl ring. The Ks values for CsH;O~, 4-Me-CsH, O™
and 4-Et-C¢H,O~ are obtained to be slightly smaller than
the ones reported in the literature.!! However, such small
differences in Ks values would not be significant enough to
affect our argument.

All the reactions here obeyed pseudo-first-order kinetics
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Table 2. Summary of Second-Order Rate Constants (k) for the
Reactions of p-Nitrophenyl Acetate with Aryloxides and Benzo-
hydroxamates in H,O at 25T

Nu~ pKa (NuHy k. M71s71
(1) CeHsO™ 9.95 113
2) 4-Me-CH,0O 10.19 213
(3) 4-Et-CH,O 100 2.05
4) 4-C1-C:H,O~ 9.38 0.685°
(5) 3-Cl-CH, O~ 9.02 0.362
(6) 4-CN-CH, O~ 7.95 0.030¢
(7 CHsC(O)NHO- 8.88 585
8) 4-Me-C;H,C(OINHO 8.90 63.8

2pKa values are taken from ref. 24. *Data from ref. 16.

2 + log k,

7 8 9 10 11
pKa(NuH)

Figure 2. A Bronsted plot showing a manifestation of the a-

effect for the reaction of PNPA with aryloxides and hydroxama-

tes in H;O at 25C. The numbers refer to nucleophiles in Table

2.
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up to over 90% of the total reaction. Pseudo-first-order rate
constants (k,;;) were obtained from the Guggenheim equation,
In (A,—A)=—kat+C. Second-order rate constants (%)
were calculated from the plots of k,, vs. the concentration
of nucleophile (See Figure 1 for example).

The second-order rate constants for the reactions of PNPA
with various aryloxides and benzohydroxamates in the ab-
sence of CTAB were summarized in Table 2. In Figure 2
is demonstrated a Brénsted type plot for the reaction of
PNPA with the aryloxides (1-6) and benzohydroxamates (7,
8) in the absence of CTAB. The kinetic results for the reac-
tions run in the presence of CTAB were summarized in Ta-
ble 3 and plotted in Figures 3 and 4.

Discussion

Binding Constant (Ks). Two major factors have been
suggested to influence the magnitude of the binding constant
(Ks), eg., electrostatic and hydrophobic interactions.® The
electrostatic interaction between the positively charged mi-
celles and the anionic nucleophiles used in the present study
would be considered to be similar each other. Therefore,
the difference in the Ks value would be mainly attributed
to the difference in hydrophobicity of the anions. This is
demonstrated in Table 1 where Ks value increases with in-
creasing hydrophobicity constant (n) for the aryloxides sys-
tem. However, chlorophenoxides (4, 5) exhibit much larger
Ks values than 4-ethylphenoxide (3) although Et group is
considered to be more hydrophobic than Cl based on the
n value. It is not however surprising if one takes into consi-
deration the electron withdrawing nature of chlorine atom.
The presence of Cl atom would cause a decrease in charge
density of the oxygen atom of the chlorophenoxides. In con-
sequence, such an inductive effect would result in a signifl-
cantly decreased hydrogen bonding interaction and give large
K values.

On the contrary, benzohydroxamate (7) exhibits very smalil
K value. Besides, an introduction of CH; group on the phen-
y! ring of the hydroxamate causes an increase in Ks value
only by 220 M~!, which is significantly small increase com-

Table 3. Summary of Observed Rate Constants (%4, min~!) for the Reactions of p-Nitrophenyl Acetate (PNPA) with Aryloxides
and Benzohydroxamates in 0.1 M Borate Buffer (pH=9.27) Containing Various Concentrations of CTAB at 25.0C*

ko, min~!
10{CTAB], M
1y 2) (&) @ ®) 6) @ 8) buffer
0.0 029 029 .030 034 028 026 .037 .038 .024
40 059 114 197 .198 115 .057 059 .085 .055
6.0 097 .186 323 275 160 060 084 114 060
8.0 131 248 401 .340 192 .068 097 139 .069
10.0 .160 292 505 385 216 070 112 160 .068
14.0 215 374 .589 432 237 .087 133 193 077
200 265 .440 672 458 .264 103 164 218 092
36.0 323 530 .708 501 267 109 198 248 104
48.0 344 530 .690 499 267 114 208 .247 101
76.0 352 520 612 479 265 125 213 .246 .106

a[PNPA]=1.0X10"° M, [NuH]=2.0X10"* M. *The numbers refer to nucleophiles in Table 2.
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Figure 3. Plots showing micellar effect on rates for reaction
of PNPA with various aryloxides (1-6) in 0.1 M borate buffer
(pH=927) at 25T.
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Figure 4. Plots showing micellar effect on rates for reactions

of PNPA with m-chlorophenoxide (5) and benzohydroxamates
(7, 8 in 0.1 M borate buffer (pH=9.27) at 25TC.

pared with the phenoxide system. Therefore, the present
results clearly indicate that benzohydroxamates (7, 8) are
much more strongly solvated than the aryloxides (1-5) in
H,0. This is consistent with the report that -C(O)NHOH
group is about 3 folds more hydrophilic than -OH group."

The a-Effect in the Absence of CTAB. As shown
in Figure 1 both 3-chlorophenoxide (5) and benzohydroxa-
mate (7) show good linear correlations between %, and the
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concentration of nucleophile. The slope of the plot is steeper
for the benzohydroxamate than for the 3-chlorophenoxide,
indicating that the former is more reactive than the latter
although the basicities of the two nucleophiles are similar
each other. A comparison of reactivity with basicity has been
made more quantitatively in Figure 2. As shown in Figure
2, the aryloxides exhibit a good Bronsted correlation while
the two benzohydroxamates (7, 8) deviate significantly from
the Bronsted linearity. A break in a Bronsted plot has often
been understood as a change in reaction mechanism.’* How-
ever, the present deviations shown by 7 and 8 are not con-
sidered due to any mechanistic change. Numerous evidences
are available to support that the acyl transfer reaction of
the present type proceed via a common reaction mechanism,
te., a rate-determining formation of a tetrahedral interme-
diate followed by a fast leaving group departure®'617
Therefore, the positive deviations shown by 7 and 8 are
considered to be a manifestation of the a-effect in the pre-
sent system.

However, the enhanced reactivity of the hydroxamates
would not be attributed to the solvation effect. If solvation
effect is mainly responsible for the a-effect, one would expect
that 7 and 8 should not exhibit enhanced reactivity. Because
the a-effect nucleophiles 7 and 8 are considered to be more
strongly solvated than the corresponding normal nucleophile
based on the magnitude of the K values, e, the K values
for the a-effect nucleophiles obtained are significantly small-
er than the one for the corresponding normal nucleophile
as shown in Table 1. The finding of a large a-effect in the
present system is clearly an indication that solvation effect
is not solely responsible for the a-effect.

The Micellar Effect on Rate. Anionic nucleophilic sub-
stitution reactions have often been reported to cause drama-
tic rate enhancements upon the addition of cationic surfac-
tants in the reaction medium.” Such an enhancement in re-
action rate has generally been believed due to the result
of bringing the two reactants together in a small volume
of the surfactant aggregate but not due to an enhancement
of the second-order rate constant.”®’ In fact, Bunton demon-
strated that the second-order rate constant in the micellar
solution is similar to or smaller than the one in pure H;O
for various Sy2 reactions.’

As shown in Table 3 and Figure 3, the reactivity increases
significantly with increasing surfactant concentration up to
a certain point as expected. However, the rate en-
hancement for the cyanophenoxide (6) is unusually smaller
than the one for the other aryloxides as shown in Figure
3. The observed rate constants for 6 in the borate buffer
solutions containing CTAB are almost indentical to the one
for the buffer solution alone. Such a small contribution of
6 to the observed rate constants would be attributed to its
low basicity. This argument is consistent with the result of
chlorophenoxide (4 and 5) system. Although 4 and § are
similar in the structure and Ks value, the less basic § shows
significantly smaller micellar effect than the more basic 4
upon the addition of CTAB.

As shown in Figure 3, the difference in the acidity of the
basic aryloxides (1, 2 and 3) is negligible but the rate enha-
ncement upon the addition of CTAB is significantly different
each other, ie., the magnitude of micellar effect increases
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in the same order with increasing the binding constant of
them. This clearly indicates that the binding constant K
is the main factor to influence the reactivity in the micellar
solution when the basicity of nucleophiles are comparable
each other. This has been more clearly demonstrated in a
comparison of the reactivity between 1 and 4. In the pre-
sence of CTAB, 1 exhibits lower reactivity than 4, although
1 is more basic and reactive than 4 in the absence of the
surfactant. One would attribute this unusual reativity of 1
to the low pH of the borate buffer (pH=9.27) in which the
basic PhOH would not be completely deprotonated. However,
such an unusual reactivity order has also been reported in
the previous communication for the same reactions run in
carbonate buffer (pH=10.0) in which phenols would be con-
sidered to exist mostly as phenoxide ions.* Therefore, the
unusual reactivity of 1 would not be attributed to the low
pH of the medium but the unusually high interaction of 4
toward the cationic micelle appears to be more responsible
for the high reactivity of 4 in the presence of CTAB.

Disappearance of the o-Effect in the Presence of
CTAB. As shown in Figure 4, the trend of micellar effect
on rate for the a-effect nucleophiles (7 and 8) is similar
to the one for the aryloxides, i.¢., an initial rate enhancement
followed by a saturation upon the additions of CTAB to the
reaction medium. However, the magnitude of micellar effect
for the a-effect nucleophiles is smaller than the one for the
normal nucleophile. In consequence, the large a-effect ob-
served in the absence of CTAB has disappeared in the pre-
sence of the surfactant. Strikingly, this is an opposite result
from the previous one, ie, an increasing a-effect with in-
creasing CTAB concentration up to a certain point for the
reaction of PNPA with butane-2,3-dione monoximate and 4
in borate buffer solution.®

Similarly, no a-effect has been observed for the reactions
of substituted phenyl esters in hydroxamic acid surfactants.?
The absence of the a-effect has been attributed to an impro-
per spacial orientation for the reactants in the stern layer
of the micelle.*® However, the structure of the hydroxamates
studied here is quite different from the one used previously
and therefore, the argument concerning improper spacial
orientation would not be compelling in the present system.

Since the difference in the basicity among 5, 7 and 8 is
considered to be negligible, the effect of micelle on rate
would be governed mainly by the difference in the binding
constant. As shown in Table 1, the Ks value for the a-effect
nucleophiles 7 and 8 are about 10 folds smaller than the
one for the corresponding normal nucleophile 5. Therefore,
one might attribute the present disappearance of the a-effect
to the solvation effect.

It has been suggested that hydroxamates can have the
following structures, namely the oxygen acid and nitrogen
acid?'"® From extensive IR and UV spectroscopic and aci-
dity measurments Exner has concluded that structure II is
more predominent than I in dioxane and aqueous alcohol
solvents.?! A similar conclusion has also been drawn from
"Q0-NMR study in methanol® and from acidity measurment
in DMSO.2 Furthermore, it has not been ruled out the exist-
ence of structure III (no longer an a-effect nucleophile) by
resonance of II. Thus, one might expect that the reactivity
of 7 and 8 is decreased either by steric hindrance of II or
by the presence of non a-effect nucleophile (III).

Dong-Sook Kwon et al.

@9-N-o— @g R-OH — @c—w -OH
l I i

However, there has been no report that II or III reacted
as a nucleophile to give IV or V, as far as our knowledge.
Therefore, I would be considered to be the most reactive
species among the three structures, and the disappearance
of the a-effect in the present system would be the result
of the equilibrium of I with II and/or III, since such an equi-
librium would decrease the observed rate constant by de-
creasing the concentration of I

0
0 CCH, 0- CCH,
¢-N Otn-0H
*OH
v v

However, more systematic studies are required for a bet-
ter understanding of the unusual a-effect behavior in the
present system. Product analysis and investigation of spacial
orientation of the reactants in the stern layer are currently
underway together with a use of N-substituted benzohydro-
xamates to avoid the equilibrium of I with II or III in various
kinds of buffer solutions.

Acknowledgement. The authors are grateful for the
financial supports from Basic Science Research Institute Pro-
gram of Ministry of Education (BSRI-91-335) and from Ko-
rean Research Institute for Better Living of Ewha Womans
University.

References

1. C. K. Ingold, “Structure and Mechanism in Organic Che-
mistry”, 2nd Ed., Cornell University Press, Ithaca, New
York, 1969.

2. (a) M. ]. Harris and S. P. McManus Ed., “Nucleophilicity,
Adv. Chem. Ser.”, American Chemical Society, Washing-
ton, DC, 1986; (b) E. Buncel, S. S. Shaik, . H. Um, and
S. Wolfe, J. Am. Chem. Soc., 110, 1275 (1988).

3. E. Buncel, I. H. Um, and S. Hoz, ] Am. Chem. Soc., 111,
971 (1989)

4. J. O. Edwards and R. G. Pearson, J. Am. Chem. Soc., 84
16 (1962).

5. Reviews; (a) N. J. Fina and J. O. Edwards, Int. J. Chem.
Kinet, 5, 1 (1973); (b) A. P. Grekov and V. Y. Veselov,
Usp. Khim., 47, 1200 (1978); (¢) E. Buncel and S. Hoz,
Isr. J. Chem., 26, 313 (1985).

6. R. Curci and F. Di Furia, Int. J. Chem. Kinet, 7, 341
(1975); (b) M. Laloi-Diard, J. F. Verchere, P. Gosselin,
and F. Terrier, Tetrahedron Lett, 25, 1267 (1984); (c) R.
A. Moss, S. Swarup, and S. Ganguli, /. Chem. Soc., Chem.
Commun., 860 (1987).

7. (@ S. Wolfe, D. J. Mitchell, H. B. Schlegel, C. Minot,
and Q. Eisenstein, Tetrahedron Lett, 23, 615 (1982); (b)
C. H. Depuy, E. W. Dellar, ]J. Filley, J. J. Grabavski, and
V. M. Bierbaum, J Am. Chem. Soc., 105, 2481 (1983).

8. (@) E. Buncle and . H. Um, J Chem. Soc., Chem. Com-
mun., 595 (1986); (b) D. S. Kwon, G. J. Lee, and 1. H.

(]



Structures of RuH(NO)P;

Um, Bull. Korean Chem. Soc, 10, 620 (1989); (¢) I. H.
Um, Bull. Korean Chem. Soc, 11, 173 (1990); (d) I. H.
Um, G. J. Lee, H. W. Yoon, and D. S. Kwon, Tetrahedron
Lett, 33, 2023, 1992.

9. A. I Vogel, “Practical Organic Chemistry”, Longman'’s
Green and Co., London, Eng., p. 792 (1962).

10. 1. W. Jones and C. D. Hurd, J. Am. Chem. Soc, 43, 2446
(1921).

11. C. A. Bunton and L. Sepulveda, J Phys. Chem., 83, 680
(1979).

12. (a) D. S. Kwon, H. S. Park, and 1. H. Um, Bull. Korean
Chem. Soc., 12, 416 (1991); (b) I. H. Um, ]. S. Jeon, and
D. S. Kwon, Bull. Korean Chem. Soc., 12, 406 (1991); (c)
I. H. Um, S. E. Chun, and D. S. Kwon, Bull. Korean Chem.
Soc., 12, 510 (1991).

13. J. H. Fendler and E. J. Fendler, “Catalysis in Micellar
and Macromolecular Systems”, pp. 86-103, Academic
Press, New York, 1975.

14. C. Hansch, A. Leo, and S. H. Unger, K. H. Kim, D. Nikai-
tani, and E. J. Lien, /. Med. Chem. 16, 1207 (1973).

15. N. B. Chapman and J. Shorter Eds.,, “Advances in Linear

Bull. Korean Chem. Soc, Vol. 13, No. 5 1992 491

Free Engey Relationships”, Plenum, London, 1972.

16. D. S. Kwon, G. J. Lee, and 1. H. UM, Bull. Korean Chem.
Soc., 11, 262 (1990).

17. W. P. Jencks, “Catalysis in Chemistry and Enzymology”,
McGraw Hill, New York (1969).

18. C. A. Bunton, G. Cerichelli, Y. Thara, and L. Sepulveda,
J. Am. Chem. Soc, 101, 2429 (1979).

19. C. A. Bunton, Adv. Phys. Org. Chem. 22, 213 (1986).

20. A. Pillersdorf and J. Kantzhendler, J. Org. Chem., 44, 549
1979).

21. (@) O. Exner and W. Simon, Collect. Czech. Chem. Com-
mun., 30, 4078 (1965); (b) L. Bauer and O. Exner, Angew.
Chem. Int. Ed. Engl, 13, 376 (1974).

22. E. L. Kochany and H. Iwamura, J. Org. Chem., 47, 5277
(1982).

23. F. G. Bordwell, H. E. Fried, D. L. Hughes, T. Y. Lynch,
A. V. Satish, and Y. E. Whang, /| Org. Chem., 55, 3330
(1990).

24. W. P. Jencks and ]. Regenstein “Handbook of Biochemi-
stry, Selected Data for Molecular Biology”, H. A. Sober
Ed., The Chemical Rubber Co., Cleveland, OH, 1968.

Chemistry of Ruthenium Hydridonitrosyl Complexes Containing
Chelating Triphosphines I-Structures of RuH(NO)P;
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Chelating triphosphines were applied to freeze the fluxionality and to minimize the number of isomers found in
the monophosphine analogues and this technique was proved to be useful. RuH(NO)Ps(Ps; Cyttp, ttp and etp) com-
plexes were characterized to have similar trigonal bipyramidal structures with linear NO groups. Cyttp prefers to
have a meridional geometry while etp prefers a facial one and ttp complexes are mixture of these two isomers.
The crystal structure of RuH(NOXCyttp) has been determined to have a distorted trigonal bipyramidal structure
with a linear NO in the equatorial plane. The crystals are orthorhombic, space group P, with unit cell dimensions
a=16.356(2), b=20.474(2), c=10915(1) A, V=3655 & Z=4, R=0.035 and R,=0.034 for the 2900 intensities with

F>30(F,% and the 208 variables.

Introduction

Although hydridocarbonyl complexes have attracted much
attention due to their utility in organic syntheses' and cataly-
tic reactions,? hydridonitrosyl complexes have been remained
unnoticed. Only a few complexes of this category are known
(RuH(NO)L;,* [IrH(NO)(PPhy);1*,* CpRe(COYNO)H? CpW
(NO),H? and CpW(NO)H(CH,SiMe;)" where L is a phosphine
or a phosphite) and even fewer examples of chemistry of
these complexes are reported.>*® Considering the flexible na-
ture of NO ligand (formally, 3¢~ or le” donor) and rich
chemistry of hydride complexes, it is surprising that the che-

mistry of these complexes has not been investigated thorou-
ghly up to date. This might be due to some fluxionality®
and many isomers.!? Since chelating triphosphine ligands re-
duce the rate of intramolecular exchange and limit the num-
ber of chemically reasonable pathways for the rearrange-
ment, > it is expected that MH(NO)P; (P3; chelating triphos-
phines) may stop or minimize the fluxional behavior and
allowed to be studied easily by spectroscopic method at the
room temperature. Also there are several advantages of che-
lating triphophines over monophosphines such as control of
stoichiometry and coordination number due to less tendency
toward dissociation.’® This character appears to be very im-



