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Figure 2. Absorption and emission spectra of Cr(CNPh)6 in 2-MeTHF 
at 77 K. 

gassed chloroform at X 436 nm gives the one-electron oxidation 
products M(CNIph)6+.7 Complexes of this type containing 
low-spin d5 Cr(I) have recently been prepared by thermal 
routes and characterized by Treichel and Essenmacher.8 The 
quantum yield for each of the three complexes is 0.19 ± 0.01. 
In the presence of oxygen this yield increases dramatically 
(with M = Cr, the yield at 436 nm is 0.70 ± 0.01 in chloroform 
saturated with air).9 Irradiation OfM(CNPh)6 (M = Mo, W) 
produces seven-coordinate, two-electron oxidation products, 
[M(CNPh)6Cl]+.10 Molybdenum(II) complexes of similar 
composition have been characterized previously by Lippard 
and co-workers11 as well as by Bonati and Minghetti.12 

The above experimental results are consistent with the fol­
lowing mechanistic scheme: 

436 nm 

ML6 —*- ML6* 

ML6* + HCCl3 [ML6
+- -HCCl3--

(2) 

(3) 

[ML6
+- - -HCCl3--] — ML6

+ + HCCl3-- (4) 

[ML6
+- - -HCCl3--] — [ML6Cl+ HCCl2--] (5) 

[ML6Cl+- - -HCCl2--] -* [ML6Cl]+ + HCCl2-- (6) 

The MLCT excited state formed (eq 2) is quenched by chlo­
roform via electron transfer forming the radical pair 
[ML6

+—HCCl3--].13 This species can revert back to starting 
materials or undergo reaction. For L = CNIph, the HCCl3--
radical presumably diffuses away, eventually releasing Cl - . 
We propose that this step is rate controlling, thereby giving the 
constant quantum yield of 0.19 for the three metals.14 In the 
complexes containing CNPh, which are much less hindered, 
we suggest that the chloroform radical anion transfers a 
chlorine atom to ML6

+ (eq 5), giving the seven-coordinate 
products that are observed for M = Mo, W. 
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Crown Ether Model Systems for the Study of 
Photoexcited State Response to Geometrically Oriented 
Perturbers. The Effect of Alkali Metal Ions on Emission 
from Naphthalene Derivatives1 

Sir: 

Compounds 1 and 2 and a number of other new crown ether 
naphthalene derivatives' have been designed and synthesized 
to facilitate the study of the naphthalene chromophore and its 
response to a variety of perturbers. An important feature of 
these molecules is the predetermined orientation of the chro­
mophore and a complexed perturber. In an exploratory study 
of alkali metal halide perturbation of 1 and 2' ~4 we have found 
that these closely related naphthalene derivatives exhibit di-

Table I. Phosphorescence Lifetimes of 2,3-Naphtho-20-crown-6 
(1) and l,8-Naphtho-21-crown-6 (2) in 95% Ethanol Glass at 77 K 
with Alkali Chloride Salts Added in 5:1 Molar Excess (crown at 
2.00X 10"4F) 

1 + 
NaCl 
KCl 
RbCl 
CsCl 

Tp (S) 

2.9 
3.4 
3.1 
2.7 
2.2 

2 + 
NaCl 
KCl 
RbCl 
CsCl 

Tp (S) 

2.45 
2.3 
1.4 
1.3 
1.2 
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Table II. Estimates"' of Rate Constants for Excited State Processes of 2,3-Naphtho-20-crown-6 (1) and l,8-Naphtho-21-crown-6 (2) in 
95% Ethanol Glass at 77 K with Alkali Chloride Salts Added in 5:1 Molar Excess (crown at 2.00 X 10~4 F) 

Salt added 

none 
NaCl 
KCl 
RbCl 
CsCl 

2,3-Naphtho 
10-7/cisc 

0.8 
1.4 
2.3 
2.5 
6.7 

-20-crown 
102*p 

1.7 
1.6 
1.7 
2.9 
4.6 

-6(1) 
&dt 

0.32 
0.28 
0.30 
0.34 
0.41 

1,8-Naphtho 
io-6fc isc 

9.7 
8.5 
6.3 
5.5 
7.4 

-21-crown-6 (2) 
\02kp kn 

3.2 0.37 
3.6 0.40 
3.3 0.70 
3.5 0.72 
5.9 0.75 

' AU rate constants are in units of s""1. * With</>f + 0isc = 1.0 assumed,7 and kr = 2 X 106s_l for 1 and 9 X 105s ' for 29, and k\x = (1 -
4>r)MrUp = 0PWl ~4>d)'\k *dt : Tp Kp. Errors in klsc and kp are at least ±20%, but only about ±5% in ka. 
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Figure 1. Fluorescence quantum yields5 of 2.00 X 10-4 F 2,3-naphtho-
20-crown-6 (1) in 95% ethanol glass at 77 K as a function of added alkali 
metal chlorides (— A, NaCl; — X, KCl; - - • , RbCl; - - • , CsCl). 
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Figure 2. Phosphorescence quantum yields5 of 2.00 X l O 4 F 2,3-na-
phtho-20-crown-6 (1) in 95% ethanol glass at 77 K as a function of added 
alkali metal chlorides (— A, NaCI; — X, KCI; - - • , RbCl; - - • . 
CsCl). 

chotomous behavior. Complexation by 1 of alkali metal chlo­
ride salts in 95% ethanol glass at 77 K causes a decrease in 
fluorescence quantum yield (</>f), an increase in phosphores­
cence quantum yield (</>p), and a slight decrease in phospho­
rescence lifetime (r p) . However, complexation by 2 of potas­
sium, rubidium, or cesium chloride salts causes a perceptible 
increase in 4>f, a decrease in <j>p, and a substantial decrease in 
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Figure 3. Fluorescence quantum yields5 of 2.00 X 1O-4 F 1,8-naphtho-
21 -crown-6 (2) in 95% ethanol glass at 77 K as a function of added alkali 
metal chlorides (— A, NaCl; — X, KCl; - - • . RbCl; - - I . CsCl). 
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Quantum yields5 of fluorescence and phosphorescence of 
1 in uncracked 95% ethanol glass at 77 K with various mole-
ratios of sodium, potassium, rubidium, and cesium chloride 
salts are shown in Figures 1 and 2, respectively. Figures 3 and 
4 show respectively fluorescence and phosphorescence quan­
tum yields which result when the same salts are added to 
crown-chromophore 2. Table I lists phosphorescence lifetimes 
of 1 and 2 in the presence of fivefold excesses of alkali metal 
chloride salts in 95% ethanol at 77 K (lithium chloride had no 
effect on emission or TP) .6 Table II lists rate constants for ex­
cited state processes calculated assuming fa + <fec is unity7 and 
k{ (fluorescence rate constant) does not change with the ad­
dition of perturber8 and is 2 X 106 s - 1 for 1 and 9 X 105 s_ 1 for 
2.9 Complexation by 1 of Na+, K+ , Rb+ , or Cs+ causes a small 
(about 25 cm - 1 ) blue shift in phosphorescence, and com­
plexation by 2 of K+ , Rb + , or Cs + (but not Na + ) induces a 
small (about 25 cm"1) red shift in phosphorescence. Com­
plexation related shifts in fluorescence spectra are small­
er.10 

Perturbation of photoexcited states by alkali metal cations 
has been reported3 a d only a few times, and is not yet well un­
derstood. In this case the data in Table II seem to be related 
to two effects: (1) a complexation induced change in triplet 
energy relative to ground and excited singlet state energies and, 
(2) a heavy atom effect operating only for Cs+ and perhaps 
Rb + . 
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Perturbed Phosphorescence of 1,8 -Naph-2l-Cr-6 

.ior 

Figure 4. Phosphorescence quantum yields5 of 2.0 X 10 4 F 1,8-na-
phtho-21-crown-6 (2) in 95% ethanol glass at 77 K as a function of added 
alkali metal chlorides {—A, NaCl; —X, KCl; - - • , RbCl; - - • , 
CsCl). 

Considering the lighter cations first, Table II shows com-
plexation by 1 of Na+ or K+ increases the rate constant for 
intersystem crossing of Si to Ti (k[sc) and slightly decreases 
the rate constant for radiationless decay of the triplet (&dt)- A 
narrowing of the Si-Tj energy gap and an increase in the 
Ti-So energy difference is also observed. This correlation is 
to be expected since rates of Ti -So radiationless decay depend 
strongly on the Ti-So energy separation,1' and Si-Ti inter­
system crossing rates should be increased by decreasing Si-Ti, 
energy separation12 (and vice versa). Complexation OfK+ by 
2 increases the Si-Ti, energy gap and decreases the Ti-So 
energy separation (Na+ causes little change). This observation 
coincides with the decrease in &jsc and the increase in k^ noted 
in Table II for perturbation by K+ (Na+ causes little 
change).13 The lack of change in phosphorescence rate con­
stants (kp) for 1 and 2 with light cation complexation appar­
ently indicates less dependence of kp on the T]-So energy 
separation. Similar energy level arguments have been used by 
Song3b to rationalize Li+, Na+, and K+ induced increases in 
4>[ for all-trans-Tttiml in ethanol glass at 77 K. Further ex­
periments are required to determine if this directionally de­
pendent light cation effect is due to (1) direct cation-chro-
mophore interaction, (2) conformational changes in the 
chromophore enforced by crown-metal complexation, (3) 
conformational changes in the chromophore enforced by sol­
vent orientation about the complexed cation,14 or other in­
teractions. 

The effect of complexation of heavy cations (Cs+ and per­
haps Rb+) by 1 and 2 can be rationalized as a superposition 
of (1) a normal heavy atom effect tending to increase k\sc, kp, 
and kdi, and (2) complexation induced changes in triplet en­
ergy levels as seen with lighter cations (see above). Recently, 
quenching of the fluorescence of aromatic hydrocarbons by 
concentrated cesium chloride solutions has been attributed3d 

to an external heavy atom effect of cesium ion. The results in 
Table II for 1 and 2 show the tendency of Rb+ and Cs+ to in­
crease each rate constant relative to the values observed with 
Na+ and K+ complexation. 

Molecules 1 and 2 provide a relatively well-known orienta­
tion of perturber and chromophore, especially when compared 
to external heavy atom studies in which the orientation is 
usually indeterminant. Comparison of the effects of K+ with 
Cs+ for 1 and 2 suggests that heavy cation perturbation may 

be slightly more effective from the end of the naphthalene 
chromophore (as in 1). This would agree with a suggestion by 
Berlman15a based on external heavy atom quenching of fluo­
rescence of substituted naphthalenes. A comparison with re­
sults from studies of the directional dependence of internal 
heavy atom effects, using brominated naphthonorbornenes, 
for example,150 is not meaningful since the complications 
caused by through-bond vibrational-spin-orbit interactions 
in those systems150 make simple analysis difficult. 

This communication apparently reports the first study of 
excited states to use perturbers which are held in a predeter­
mined orientation without the use of covalent binding. The 
alkali metal salt enhancement of fluorescence of an aromatic 
hydrocarbon system is also previously unreported. Alkali 
metals were selected as perturbers, but clearly many other 
metal ions, alkyl ammonium ions, and other species can be 
investigated. 
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The Preparation of HMgX Compounds 

Sir: 

Hydridomagnesium halides (HMgX, where X = halogen) 
represent a novel new class of compounds which have been 
highly sought after and which presumably can function as 
selective reducing agents toward organic substrates' and as 
intermediates in the preparation of novel complex magnesium 
hydrides. Wiberg and Strebel2 in 1957 reported the prepara­
tion of THF soluble HMgCl and HMgBr by the reaction of 
ethyl Grignard reagents with diborane. However, we showed 
later3 that such compounds are not formed under the condi­
tions described. Sometime later, Dymova and Eliseeva4 re­
ported that HMgX compounds could be prepared in diethyl 
ether as insoluble solids by the hydrogenolysis of ethylmag-
nesium halides. They also reported that these compounds 
disproportionated to MgH2 and MgX2 when THF was added. 
We have also repeated this work in detail and have shown that 
the solid products obtained in these reactions involving diethyl 
ether as a solvent are actually physical mixtures of MgH2 and 
MgX2 as determined by x-ray powder diffraction analysis.5 

A third route reported by Rice and co-workers6 for the prep­
aration of nonsolvated HMgBr, involved the pyrolysis of eth-
ylmagnesium bromide. This report was supported by x-ray 
powder pattern data. However, when we desolvated MgBr2-
Et20 to correspond to the exact amount of ether present in 
HMgBr-0.27Et20, then the powder diffraction patterns were 
the same showing that the HMgBr-0.27Et2O was actually a 
physical mixture of MgH2 and MgBr2-0.54OEt2.

7 

We would now like to report that hydridomagnesium halides 
(HMgX, where X = Cl and Br) have been prepared by the 
reaction of magnesium halides with an active form of mag­
nesium hydride slurried in THF (eq 1). The active form of 
magnesium hydride was prepared by the reaction of Ph2Mg 
or Et2Mg with equimolar amounts of LiAlH4 in diethyl ether 
(eq 2). The MgH2 is insoluble in ether 

MgH2-I-MgX2 —>- 2HMgX (1) 
room temp 

R2Mg + LiAlH4 —*• MgH2 + LiAlH2R2 (2) 

and was isolated from the soluble LiAlH2R2 by filtration. A 
slurry of this MgH2 in freshly distilled THF was then allowed 
to react at room temperature with a THF solution of MgX2 
(where X = Cl or Br). The reaction is exothermic and results 
in the formation of a clear solution within a few minutes. 
Analysis of the resulting solution of HMgBr in THF showed 
a Mg:H:Br ratio of 1.00:0.97:1.02 and for HMgCl a Mg:H:Cl 
ratio of 1.00:0.98:1.04. 

No reaction was observed when the THF solvent was re­
placed by diethyl ether, probably because of the insoluble na­
ture of HMgX compounds in diethyl ether. Interestingly, 

3 • 
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Figure 1. Molecular association studies of HMgCl (A) and HMgBr (B) 
in tetrahydrofuran. 

HMgCl and HMgBr are both soluble and quite stable in THF 
contrary to earlier reports. A 1.5 M solution of HMgCl and 
a 0.5 M solution of HMgBr in THF could be prepared. Ebul-
lioscopic molecular weight studies on HMgCl and HMgBr in 
THF showed both compounds to be dimeric in dilute solution 
and gave some indication of associating further in more con­
centrated solution.to form trimers (Figure 1). Infrared spectra 
have been recorded in THF solution (HMgCl: 1380 m, 1345 
m, 1320 m, 1290 mb, 1120 s, 990 vs, 800 sh, 710 vs, 600 m, 580 
m, 550 m, 396 m; HMgBr: 1410 m, 1380 m, 1345 m, 1260 mb, 
1118 s, 1010 vs, 800 vs, 700 s, 670 vs, 570 mb, 390 m). NMR 
spectra of HMgCl and HMgBr in THF did not give any 
fruitful information regarding the Mg-H proton. 

The Mg-H stretching band in HMgBr and HMgCl was 
determined by preparing DMgBr and DMgCl by the method 
above (eq 1-2) using LiAlD4 and comparing the infrared 
spectra of the HMgX and DMgX compounds. The bands at 
1260 and 1290 cm"1 observed for HMgBr and HMgCl in 
THF were shifted to ~940 cm -1 in the case of DMgBr and 
DMgCl indicating 1260 and 1290 cm-1 as the Mg-H 
stretching bands for HMgBr and HMgCl, respectively.8 

When the THF solvent was removed from HMgCl, a solid 
of empirical formula HMgCl-THF was formed. The x-ray 
powder diffraction pattern of this solid was identical with that 
of MgCl2-2THF. However, the solid redissolved immediately 
when THF was added. DTA-TGA studies of this solid showed 
decomposition at 300 0C with hydrogen evolution. The x-ray 
powder pattern for HMgBr-1.5THF formed on removal of 
THF from the solution prepared above, gave lines identical 
with MgBr2-3THF indicating disproportionation of HMgBr 
to MgH2 and MgBr2 in the solid state. 

On the basis of molecular weight and spectroscopic studies, 
the molecular structure of HMgCl in THF is suggested to be 
that represented below: 

Because of the insoluble nature of MgI2 in THF, an attempt 
was made to prepare HMgI by addition of a solution of MgI2 
in diethyl ether to MgH2 slurry in diethyl ether and in THF. 
An x-ray powder pattern of the solid isolated after the removal 
of the solvent under vacuum showed strong lines due to MgI2-
6THF rather than the expected product HMgI-3THF. The 
nonreactivity of MgH2 toward MgI2 in THF is probably due 
to the insoluble nature of MgI2 in THF. Interestingly, the 
DTA-TGA of this so-called mixture gave no hydrogen evo­
lution at 310 0C as expected for MgH2 decomposition, but 
instead showed extensive THF cleavage. 

Both HMgBr and HMgCl in THF have been shown to re­
duce ketones such as benzophenone and 4-?er?-butycyclo-
hexanone to the corresponding alcohols. More importantly, 
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