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' " IT 
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Grignard-Type Carbonyl Addition of AHyI Halides by 
Means of Chromous Salt. A Chemospecific Synthesis 
of Homoallyl Alcohols 

Sir: 

We wish to communicate that chromic chloride is easily 
reduced by a half molar equivalent of lithium aluminum hy­
dride in tetrahydrofuran (THF) and the resulting salt, pre-

OH R3 

Rv R1^ ^R3 

\ \ „ „ , / Cr(II) 
C=O + C=C > 

IT R2 CH2X 1 V R', > 

sumably Cr(II), can be utilized in the title reaction with high 
chemospecificity. 

Lithium aluminum hydride (44 mg, 1.2 mmol) was added 
portionwise to anhydrous chromic chloride1 (370 mg, 2.3 
mmol) suspended in THF (5 mL) at 0 0C under an argon at­
mosphere. Spontaneous hydrogen evolution was observed, and 
a dark brown suspension was obtained.2 To this suspension 
benzaldehyde (92 mg, 0.86 mmol) and subsequently prenyl 
bromide (173 mg, 1.2 mmol) dissolved in THF (5 mL) were 
added dropwise, and the mixture was stirred for 2 h at room 
temperature. Aqueous quenching, ether extraction, drying 
(NaiSCv), and distillation (Kugelrohr) gave an oil (124 mg, 
82% yield based on benzaldehyde), bp (bath) 105-110 0C 
(0.12 mm): IR (neat) 3425, 3075, 3035, 1638, 1602, 1494, 
1020, 1000, 910, 730, 702 cm-'; NMR (CCl4) 6 0.94 (s, 3 H), 
0.99 (s, 3 H), 1.70 (br s, 1 H), 4.34 (s, 1 H), 4.8-6.2 (m, 3 H), 
7.26 (s, 5 H); MS m/e 107 (base peak), no 176 (M+).3 The 
reagent prepared as above could be stored under an inert at­
mosphere in a refrigerator for more than a month without 
appreciable loss of its activity. The salt prepared from 2 M 
chromic chloride and 1 M lithium aluminum hydride was 
found most effective. When the ratio was larger than two, the 
yield of the adduct decreased, whereas a 1:1 mixture resulted 
in the reduction of the carbonyl group by the excess hydride. 
As the commercially available anhydrous chromous chloride 
(Research Organic/Inorganic Chemical Corp.) is also effective 
for the reaction (89% (GLC) yield of the product), the active 
species in the above reaction will be chromous ion. The results 
of the reaction between allylic halides (or tosylate) and car­
bonyl compounds are summarized in Table I, which shows that 
the reaction is general and applicable to a wide variety of both 
components. 

As seen from the table the more substituted y carbon of an 
allyl group was attached to the carbonyl carbon.4 Two molar 
equivalents of chromous salt were required for the reduction 
of allyl halide. Although stoichiometric allyl halide was suf­
ficient for the reaction (run 1 and 2), excess halide was much 
more effective (cf. run 3, 9, and 15). This is ascribed to the 
homocoupling of the halide,5 the side products being easily 
removed by simple distillation or short-column chromatog­
raphy. 

The cyclohexanone/prenyl bromide reaction gave satis­
factory yields only in dimethylformamide (DMF) (run 3), 
which dissolved the Cr(II) salt and probably enhanced the 
reducing ability of the salt.6 The aprotic polar solvent was 
particularly indispensable for the reaction of allyl chloride and 
tosylate, which were not reduced effectively in THF (run 12 
and 13). 

A striking feature of the reaction is the high stereoselectivity 
and chemospecificity. In general, aldehydes were more reactive 
than ketones. Based on this reactivity difference we could at­
tain selective attack on an aldehyde carbon of a polycarbony-
lated compound (run 16).7 Furthermore, the Cr(II)-reduced 
allyl bromide could discriminate 2-heptanone from 4-hepta-
none. Noteworthy is the fact that only a single diastereomer 

HO 
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Table I. Reaction of AUyI Halides with Carbonyl Compounds 

Run R R ' C = 0 AUyI halide 
Chromous 

salt2 Solvent 
Halide/ 

R R C = O Product, %b 

11 

16 

17 

O" Br 

I 

^ B r 

A 

B 

A 

THF 

THF 

DMF 

1 

1 

4 

Br 

NCHO 
Br 

"CHO 

PhCHO 

10 PhCHO 

•*r Br 

l " - \ -Br 

-Br 

12 

13 

14 

15 

^Y^CHO 

V>o 

-Br 
OHC 

OHCx 

O H C . 

-COOMe 

,CN 

B 

A 

THF 

B 

A 

A 

THF 

THF 

DMF 

2 

2 

2 

THF 

THF 

THF 

THF 

DMF 

DMF 

DMF 

DMF 

THF 

THF 

THF 

1.2 

3.5 

1.2 

1.2 

3.7 

(19) 

(10) 

" Salt A signifies the one prepared from chromic chloride and lithium aluminum hydride (2:1 molar ratio). Salt B means the commercially 
available anhydrous chromous chloride. The ratio, chromous salt/halide, was always 2. * Experiments were carried out in 1-2 mmol scale of 
the carbonyl components and isolated yields are given unless otherwise stated. c Estimated by GLC. d Based on the consumed ketone. e 0.6-
mmol scale. I 10-mmol scale. X 0.8-mmol scale. h 0.5-mmol scale. 

was obtained from benzaldehyde and crotyl bromide (run 11), 
which may exclude the possible participation of a free radical 
intermediate. The reaction of 4-fe/T-butylcyclohexanone with 
allyl bromide (run 5 and 6) gave predominant equatorial se­
lectivity (81/19-88/12), which is comparable with allylzinc 
bromide (85/15) in contrast to allylmagnesium bromide 
(49/51) or allyllithium (35/65).8 The allyl unit adds exclu­
sively in 1,2-fashion with a,0-unsaturated aldehydes, as this 
is exemplified by the synthesis of artemisia alcohol (run 14).9'10 

On the other hand, conjugated enones were much less reactive 
to give practically none of the Grignard adduct. 

Functional groups other than aldehydes and ketones are 
unreactive toward the allylation reagent. Nitriles and esters 
were recovered unchanged.11 Thus, the allyl unit was selec­

tively introduced at the aldehyde carbon of a compound which 
contains either an ester or a cyano group (run 17 or 18). Ep­
oxides were converted to halohydrins thanks to the Lewis 
acidity of the chromous salt, but the ketal group remained 
intact (run 15). The adduct thus obtained was converted to 
yomogi alcohol12 upon successive treatment with polyphos-
phoric acid and methylmagnesium iodide. 

CL . 0 1. P P A , OH 

2. MeMgI, 81% 

Another characteristic of the present reducing agent is that 
it does not reduce alkyl, aryl, or vinyl halides (see run 9) and, 
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therefore, it will find further applications for selective car­
bon-carbon bond formation. 
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Sepulchrate: A Macrobicyclic Nitrogen 
Cage for Metal Ions 

Sir: 

Ligands which effectively encapsulate metal ions inhibit 
ligand substitution but offer interesting prospects for the study 
of intramolecular rearrangements, electron transfer, and 
spectroscopic properties. The ligands classified as cryptates1 

are in this category and this note describes a structure and some 
chemistry of cobalt complexes of an octaazacryptate ligand 
synthesized on the metal by condensing the tris(ethylenedia-
mine)cobalt(III) ion with formaldehyde and ammonia, (yield 
>95%). 

The complex [S)-[(1,3,6,8,10,13,16,19-octaazabicyclo-
[6.6.6]eicosane)cobalt(III)]3+ has been given the trivial name 
[Co(sepulchrate)]3+ in keeping with the cryptate nomencla­
ture. The crystal structure (Figure 1) confirms that synthesis 
occurs with retention of the chirality of the Co(en)3

3+ ion and 
shows the sexadentate nature of the capsule with the tris-
(methylene) amino cap added at both ends of the parent ion. 
The ethylenediamine rings have the lei conformation and the 
overall symmetry is very close to Z)3. Quantitative conforma­
tional analysis calculations2 were done for this unexpected 
conformation and two others indicated by Dreiding models: 
a C3 lei and a Z)3 ob. The C3 conformer has catoptric caps and 
the D3 conformers have caps of the same chirality. The strain 
energy differences of the conformers are 1.4, 1.4, and 0 kcal/ 
mol, respectively. The calculations indicate that the conformer 
found in the crystal is not the most stable and most likely it is 
stabilized by hydrogen bonding to lattice Cl - ions. The 1H and 
13C NMR spectra indicate Z)3 symmetry for the ion in solution 
or rapid interconversion of the conformers (I59CoJ 1H signals 

1-520 (10) 

Figure 1. ORTEP diagram of Co(sepulchrate)3+ with 20% thermal ellip­
soids. Not shown are hydrogen atoms and hydrogen bonding of chlorides 
to cis pairs of NH groups. (The trichloride monohydrate salt crystallizes 
in space group P2{2\h with a = 15.60(1), A= 14.868 (7), and c = 8.757 
(4) A and Z = 4.) X-ray data (3166 reflections) were collected by dif-
fractometer with monochromatic Mo Ka radiation. Anisotropic full-
matrix least-squares refinement (hydrogen atoms isotropic at calculated 
positions) on F converged to a final R = 0.038. 

(degrees Mm" 

Figure 2. Rotatory dispersion (A, 0.1 M HCl), circular dichroism (C, 
H2O), and visible absorption spectra (D, 0.1 M HCl) of (S)-[Co(sep)] 
Cb-H2O. Curves Band E were obtained by oxidizing the Co(Il) salt and 
measuring the solutions under the same conditions as A and D. 

at 5 4.0 ppm, 12 protons, AB doublet pair, J ~ 12 Hz; 8 ~3.2 
ppm, complex AA'BB' pattern, 12 protons, relative to external 
tetramethylsilane for the N-deuterated complex; 13C spectrum 
shows two signals of equal intensity at 5 - 0.389 ppm and 6 + 
13.245 ppm relative to 1,4-dioxane). The low field proton 
signals are assigned to the methylene caps and the complex 
pattern to the ethylenediamine residues. 

Cyclic voltammetry (100 mV/s in 0.1 M NaClO4, 25 0C) 
showed an essentially reversible reduction wave at —0.54 V vs. 
the saturated calomel electrode (70 mV peak to peak, /pf//pb 
1.0, E0 —0.30 V). The reduction potential is lower than that 
observed for Co(en)3

2+/3+ (-0.45 V, irreversible) under the 
same conditions. E0 for Co(en)3

2+/3+ is -0.259 (1 M KCl).3 

Using Zn dust in excess the reduction to Co(II) occurs within 
seconds for [H+] = 10~2 to 10~7 M and the Co(II) salt was 
isolated as the ZnCU2- salt. The Co(II) ion reoxidizes with 
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