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Table I. Aldehydes and Keto Acids from Alkyl Grignard
Reagents and TMBI
a-Keto
Time, Aldehyde, acid,
RMgBrt T, °C hr % %
sec-Butyl 25 3 67 (96)* 47
tert-Butyl 66 24 48
n-Hexyl 66 1.5 62 26
2-Phenylethyl 66 1.5 63 (80)*
Cyclopentyl 66 1.5 66 (89)
n-Butyl 66 1.5 34
e Per cent deuterium at C-1 as determined by nmr. ? Concen-

trations of Grignard reagents were ca. 0.1 M.

terioaldehydes are prepared using the Grignard route,
one does not obtain 10077 deuterium incorporation at
C-1.* In this respect the lithium aldimine reagent
would be the method of choice for the preparation of
pure C-1 deuterioaldehydes as well as aromatic alde-
hydes since aromatic Grignard reagents do not add well
to TMBI.

In addition we would like to report on the versatility
of the lithium aldimine reagent. As shown in Chart I,
besides providing a convenient synthesis of aldehydes
and a-keto acids, the lithium aldimine I (R = n-butyl)
can be alkylated with ethyl bromide to yield after hy-

Chart I. Reactions of Lithium Aldimine
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drolysis an 87 9 yield of 3-heptanone. An 8677 yield
of 3-methyl-2-pentanone was also realized by alkylating,
with methyl iodide, the aldimine prepared by the addi-
tion of sec-butyllithium to TMBI (see Table II). At-

Table II. Reactions of Various Lithium Aldimines
Yield,
R-Li R'-NC R-X Product %
sec-Butyl TMBI CH;ls 3-Methyl-2-pentanone 86
n-Butyl TMBI C,H;Bre 3-Heptanone 87
n-Butyl TMBI Propylene 2-Hydroxy-4-octanone 90
oxide
Ethyl TMBI Benzalde- 1-Phenyl-1-hydroxy-2- 81
hyde butanone
Ethyl TMBI (CHj)s- Trimethylsilyl ethyl 404
Si-Cl ketone
Ethyl DMPI? 1-(N-Propylideneamino)- 50

2,6-dimethylbenzene
2-(N-Pentylideneamino)- 92
2-methylpropane

n-Butyl TBI¢

_®Reaction run at ~78° in THF. ° 2,6-Dimethylphenyl isocya-
n_1de. ¢ tqrt—Butyl isocyanide. ¢ Better conditions for the hydroly-
sis of the imine precursor are being investigated.

(5) The reason for this is currently under investigation and will be
reported in our full paper,

tempts to alkylate I with isopropyl halides were abor-
tive due to the preference for an elimination pathway.
The elegant Meyers® synthesis of ketones suffers from
a similar difficulty in the introduction of bulky groups.

Alkylation using propylene oxide yields a 3-hydroxy
ketone in very good yield. Under the reaction con-
ditions used very little, if any, dehydration occurs.
This reaction shows promise in providing a convenient
means for preparing mixed aldols. As should be noted,
a-hydroxy ketones can also be prepared by the con-
densation of I with benzaldehyde.”

It should also be noted that silyl ketones® can be very
conveniently prepared by the use of lithium aldimines.
The yield of trimethylsilyl ethyl ketone prepared by
this method was 40 %7 (nmr analysis). Theintermediate
imine can also be isolated (in 80-94 %7 yield) if desired.’

Further exploration of these intermediates is being
continued.

(6) A. I, Meyers, I. R, Politzer, B, K. Bandlish, and G. R, Malone,
J. Amer. Chem. Soc., 91, 5887 (1969).

(7) The scope and limitations of these rcactions arc currently under
investigation and will be discussed in our full paper.

(8) A. G, Brook, J. M. Duff, P. F. Jones, and N. R. Davis, J. Anter.
Chem. Soc., 89,431 (1967); E.I. Corcy, D. Seebach, and R, Freedman,
ibid., 84, 434 (1967).

(9) The preparation of other metallic ketones is under investigation.

(10) Solvent effects have been noted in the addition reaction. More-
over, the structure of the isocyanide is important. We have prepared
and evaluated a large number of isocyanides which do not have @ hydro-
gens. For reactions of a- hydrogen containing isocyanide swith organo-
metallics, see U. Schollkopf and G. Fritz, Angew. Chem., Int. Ed. Engl.,
7, 805 (1968).
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Syntheses via-2-Oxazolines. I. The Formylation of
Grignard Reagents in the Presence of
Hexamethylphosphoramide

Sir:

In the course of a study to evaluate the synthetic
utility of 2-oxazolines which have been found to be
useful precursors to a variety of aliphatic and aro-
matic carboxylic esters and acids,' we examined the
readily obtainable 4,4-dimethyl-2-oxazoline (1)? as a
potential formylating reagent for organometallics.
In a previous report® we described the addition of
organolithium reagents to the dihydro-1,3-oxazine
system producing the homologated aldehyde precursor
4. Although this process proceeded in satisfactory
yield the difficulty in obtaining the requisite dihydro-1,3-
oxazine detracted from the utility of this method. The
ease and quantity with which the 2-oxazoline could be
prepared suggested that the five-membered ring system
would be a more attractive route to aldehydes from

(1) A.I Meyers and D. L. Temple, Jr.,J. Amer. Chem Soc., 92, 6644
(1970).

(2) This hitherto unknown compound was prepared in 70%; vield by
heating an equimolar mixture of 90% formic acid and 2-methyl-2-
aminopropanol to 130-140° for 45 min, followed by distillation into
cold ether., The aqueous distillate layer was removed, saturated with
salt, and extracted with ether, and the combined ethereal solution dried
and concentrated. Distillation gave pure 1 [bp 99-100°; ir (neat) 1630
cm™!; nmr (CCly) 8 6.55 (s, 1 H), 3.77 (s, 2 H), 1.19 (s, 6 H)]. P. Allen
and 1. Ginos [J. Org. Chem., 28, 2759 (1963)] have reported a synthesis
of 2-oxazolines upon which this experiment was based.

(3) A.I, Meyersand H. W. Adickes, Tetrahedron Lett., 5151 (1969).
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organolithium reagents. We were surprised to learn
that under a variety of conditions, little or no addition
of organolithium to the C==N link occurred; only
proton abstraction. Thus, 1 was completely deuter-
ated (2, 99%) when treated with 1 equiv of butyl-
lithium in THF followed by addition of heavy water.*
Furthermore, attempts to formylate Grignard reagents
led only to recovered starting material. This result
is consistent with our previous observation' that the
2-oxazolines were inert to Grignard reagents.

The 2-oxazoline (1 or 2) was converted to the methio-
dide derivative (5 or 6) in 89 97 yield (5, mp 215° dec,
1650 cm~1, 8 (CH;CN) 9.15 (s, 1 H), 4.87 (s, 2 H),
3.37 (s, 3 H), 1.55 (s, 6 H), which proved to be a useful
and convenient reagent for the formylation or deuterio-
formylation of a variety of Grignard reagents.®

The addition of a Grignard reagent containing 2.0
equiv of hexamethylphosphoramide (HMPA) to a
THF suspension of 5 resulted in good yields of the
oxazolidine 7 after overnight stirring at room temper-
ature (Table I). Hydrolysis of the crude oxazolidine

Table I. Reaction of RMgX.2HMPA with 5§ to Form RCHO
RMgX 77 Aldehyde  overall 2,4-DNP

CsH;CH;MgCl 89 C,H,CH,CHO 87 120-121¢

CH,CH—CHMgBr 80 C:H:.CH—CHCHO 64 250 dece

CsH;C=CMgBr 65
0-CH;0C:H;MgBr 96 o-CH;OCH,CHO 90 253t
0-CH;OC:HMgBr 81 0¢-CH;0CH.CDO 70¢ 253

e A, 1. Vogel, “Elementary Practical Organic Chemistry,” Part 2,
Longmans, Green and Co., New York, N. Y., 1962. ? M. Stiles
and A. Sisti, J. Org. Chem., 25, 1691 (1960). ¢ Reaction was carried
out in the identical manner using 6.

CH,.C=C—CHO 31

in aqueous oxalic acid led to the aldehyde 8 or its
C-1 deuterated derivative 9 in 51-909 overall yield
for the two-step process. The use of HMPA is of
critical importance since, in its absence, the Grignard
reagents appear to complex with the heterocyclic
oxygen 10 resulting in ring cleavage by virtue of ad-
dition of a second equivalent of the Grignard, pro-
ducing the dialkylated amino alcohol 11 in excellent
yields. The complexing ability of magnesium in 10 is
minimized by the addition of the strongly solvating
HMPA, thus allowing the uninterrupted formation
of the oxazolidine 7.8 Examination of Table I reveals
that aliphatic Grignard reagents were not successfully
formylated using the oxazolinium iodide. In every case
using aliphatic Grignard reagents complexed with
HMPA, only proton abstraction from 5 took place.

(4) The lithio salt of 1 was found to be in equilibrium with the open-
chain isonitrile. Upon careful hydrolysis the isonitrile could be isolated

o OLi OH
e L'
NJ N==C N=(C

(ir 2145 cm~1) along with the 2-oxazoline [see also F. Gerhart and U,
Schollkopf, Tetrahedron Lett., 6231, (1968); Angew. Chem., Int. Ed,
Engl., 9, 301 (1970)1.

(5) The formylation of Grignard and organolithium reagents has been
reviewed (J. Carnduff, Quart. Rev., Chem. Soc., 20, 169 (1966)).

(6) Oxazolidines of the type 7 prepared from 2-amino-2-methylpro-
panol and aldehydes have been shown to react with Grignard reagents
producing the amino alcohols 11 [M. Senkus, J. Amer. Chem. Soc., 67
1515 (1945)].
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This was amply demonstrated when 3-phenylpropyl-
magnesium bromide-2HMPA was treated with the
2-deuterio derivative, 6. The only isolable product
was 3-phenylpropane (30% d, comparison made with
an authentic sample). In the absence of HMPA,
the phenylpropylmagnesium bromide added in the
usual manner to give 11 (R = PhCH,CH,CH,) via 10.
It is clear that the HMPA complex’ with Grignard
reagents caused a significant enhancement in the base
strength of RMgX when R is aliphatic (sp? carbanion)
but does not exert any noticeable effect when R rep-
resents an sp or sp? carbanion.?

The dramatic effect of the HMPA in this process was
exemplified when the oxazolinium salt 5 was treated
with excess o-anisylmagnesium bromide producing
the adduct 7 (R = o-anisyl) in 969 yield. After
isolation, 7 was then added to ethylmagnesium bromide
in the absence of HMPA, and gave the amino alcohol
12 in 929 yield. This result suggests two new and
useful synthetic techniques: (a) the oxazolidines may
be useful carbonyl protecting groups against the
Grignard reagent if the latter is previously complexed
with HMPA, and (b) unsymmetrical amino alcohols
of the type 12 may now be prepared by utilizing two
different Grignard reagents as described above, in-
stead of the earlier method described by Senkus.*

(7) The term “complex” is used somewhat loosely since the only evi-
dence to support this interaction is the fact that when 2.0 equiv of
HMPA is added to a THF solution of the Grignard reagent, an exo-
thermic reaction ensues.

(8) It has now been determined that proton abstraction from the

methiodide 6 occurs both at the 2 (30%) and N-methyl (7097) posi-
tions producing ylides A and B. The fate and utility of these ylides are

currently under investigation.
Me 3 Me
- H
Me +1\‘I Me” + l

Me CH,™

A B
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The reaction of 6 with RMgX :2HMPA coupled
with the recently reported® addition of organolithiums
to rert-alkyl isocyanides now provides a facile technique
for the deuterioformylation of the two most common
classes of organometallics. Furthermore since formic
acid-14C is routinely available, this method allows an
easy entry into C-14 labeled aldehydes.

A typical procedure for formylating a Grignard re-
agent follows. N,4,4-Trimethyl-2-oxazolinium iodide
(5) was prepared by stirring 1 (20 g) in 25 ml of methyl
iodide for 20 hr and removing unreacted components
in vacuo. The solid was washed with ether, dried,
and purified by precipitation of an acetonitrile solution
with ether, producing 2 in 899 yield. The salt,
although slightly hygroscopic, could be stored in an
inert atmosphere without deterioration.

o-Methoxybenzaldehyde., The Grignard reagent of o-
bromoanisole (11 mmol) was prepared in THF (15 ml)
and treated with dry HMPA (22 mmol). The resulting
solution was added dropwise to a stirred suspension of
2 (10 mmol) in THF (30 ml) at room temperature and
allowed to stir for 15-16 hr. The reaction mixture was
decomposed with ice-water and acidified with 3 N
hydrochloric acid. The acid solution was extracted
with hexane (discarded) and then carefully made
alkaline with sodium hydroxide solution (30-40%).
The crude oxazolidine 6 was removed by ether ex-
traction® and, after concentration, was heated to
reflux for 15 min in an aqueous oxalic acid (45 mmol/25
ml) solution. The cooled acid solution was extracted
with ether and the extracts were concentrated yielding
the aldehyde as a crystalline residue (mp 36-38°).
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(9) H. M, Walborsky and G. E. Niznik, J. Amer. Chem. Soc., 91,
7778 (1969); H. M. Walborsky, W, H. Morrison, III, and G. E. Niznik,
ibid., 92, 6675 (1970). In the latter study, the magnesium aldimines do
not appear to react with Grignard reagents other than aliphatic (sp?
carbon bonded to magnesium). Thus, this method is limited to formyl-
ation of alkyl residues whereas the present technique complements
nicely by allowing formylation of aryl, benzyl, alkynyl, allyl, and vinyl
Grignard reagents.

(10) If pure oxazolidine is required, final traces of HMPA can be
removed by elution of the ethereal solution through silica gel (8~20 mesh).
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A Novel Stereoselective Synthesis of 1,3-Dienes from
Alkynes via the Addition of Cuprous Chloride
to Vinylalanes!

Sir:
An interesting reaction specific to the vinylalanes

derived from disubstituted alkynes is their addition
to the triple bonds of disubstituted acetylenes to form

(1) This research was supported by the National Science Foundation
through Grant No., GP-9398.

dienylalanes.? These derivatives yield, after hydrolysis,
tetrasubstituted trans,trans 1,3-dienes. Thus, hydro-
alumination of 3-hexyne with diisobutylaluminum hy-
dride in a 2:1 ratio at 70° followed by hydrolysis
of the intermediate dienylalane gives 4,5-diethyl-trans,-
trans-3,5-octadiene in high yield.? Unfortunately, our

CHC=CGH, + R,AIH —

C,H; s
N e pomec,
H/ ~ AIR, 70° 24 hr
CH. _ CH oy CH _CH
A= AR, B9 =0 H
H /C=C\ H /C=C\
CZHS C2H5 CZHS CZHC-

endeavours to utilize 1-alkynes for the above dimeriza-
tion reaction were unsuccessful due to competing
metalation of the acetylenes. Likewise, attempts to

R’ H
e ~ - RC=CH
RC=CH + RAIH — >C=C{ s
H AlR,
R'CH=CH, + R'C=C—AIR,

add the vinylalane derived from 3-hexyne and diiso-
butylaluminum hydride to 1-hexyne afforded cis-3-
hexene and diisobutyl(1-hexyn-1-yl)alane.

In exploring alternate routes for the synthesis of
dienes from terminal acetylenes via the hydroalumina-
tion reaction we have now found that terminal vinyl-
alanes, when treated with cuprous chloride in tetra-
hydrofuran solution, react to give isomerically pure
trans,trans 1,3-dienes. Thus, addition at 25° of a 207

R’C==CH R,AIH R >C=C<H CuCl
H AlR,
R ~ /H
L=CL A
H /C=C\
H R’

molar excess of cuprous chioride to a tetrahydrofuran
solution of the vinylalane derived from 1-hexyne and
diisobutylaluminum hydride resulted in the precipitation
of copper and a 73 % isolated yield of trans,trans-5,7-
dodecadiene.* Increasing the size of the alkyl group
attached to the triple bond from n-butyl to rers-butyl
had little effect on the yield and stereochemistry of
the diene formed. For each of the reactions studied,
glpc analysis of the crude reaction mixture revealed
that formation of the diene occurred with nearly com-
plete retention of configuration around the carbon-
carbon double bond. The results are summarized in
Table I.

The facile coupling reaction with cuprous chloride
is also applicable to vinylalanes derived from disub-

(2) G. Wilke and H. Miiller, Justus Liebigs Ann. Chem., 629, 222
(1960).

(3) G. Zweifel, N, L, Polston, and C. C. Whitney, J. Amer. Chem.
Soc., 90, 6243 (1968).

(4) Glpc examination of the reaction mixtures revealed that coupling
products derived from isobutyl~isobutyl or isobutyl~hexenyl dimeriza-
tion were formed in small amounts.
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