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is formed by elimination, and rearranges to 3 in a fast step:

F5Sb + ClCHzCHzCHzCO+ +B— HQC=CHCH200+
2 4

+D%, -H*

4

DCH,CH=CHCO*
3-4d

Under the same conditions, no deuterium incorporation
was observed in a sample of 3 prepared from crotonyl
chloride.

A clue as to the nature of the base B was offered by a
careful kinetic study of the conversion. Thus, the reaction
in fluoroantimonic acid followed clean first-order kinetics
(k, = 8.96 ><'10'4 s at 50 °C,17 AH* = 15.4, AS* = -24.919),

The reaction in the fluorosulfuric acid based composites,
however, showed an induction period, after which the re-
action exhibited second-order kinetics overall, first-order
in 2 and first-order in the reaction product 3 (k, = 1.23
X 10~ L mol! 5! at 50 °C,7 AH* = 16.0, AS* = -27.1, and
ks = 1.94 X 10™ at 50 °C, AH* = 16.6, AS* = —25.2, for the
1:1 and 4:1 acid, respectively).

When 2 and 3 were prepared in the same solution from
the corresponding acid chlorides at low temperature, and
conversion of 2 was followed, no induction period was
observed. It appears, therefore, that 3 is assisting the
proton loss from 2.

(17) Calculated from data at other temperatures.
(18) AH* and AS* values are in kecal/mol and cal/mol deg, respectively
(1 cal = 4.184 J).
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Summary: Two different pathways for breakdown of the
n-octyldiazonium ion appear to account for the several
products obtained from the reactions of n-octylamine with
both aqueous nitrous acid at low pH and with nitro-
prusside ion under alkaline conditions.

Sir: Deaminations of primary aliphatic amines by nitrous
acid are known to yield a variety of products reflecting
solvolysis, elimination, and rearrangement of the inter-
vening carbonium ions. The idea that such reactions in-
volve unusually reactive or “hot” carbonium ions came
about as a result of observations that the products in such
cases usually differed from those obtained from solvolyses
of corresponding alkyl halides, tosylates, etc., that are
thought to involve the same carbonium ion intermedi-
ates.I® As compared to the latter, deaminations of amines
tend to give a greater proportion of elimination and re-
arranged products. The amount of rearrangement and
elimination is greatest in polar, protic solvents due, pre-
sumably, to the greater stabilization of those intermediates
by those solvents.

In 1971, Maltz and co-workers® described the use of
sodium nitroprusside to bring about the deamination of
primary aliphatic amines. Unlike the reaction with nitrous
acid, that with sodium nitroprusside proceeds most readily
under alkaline conditions. This study was conducted to
determine the extent to which solvent composition, par-
ticularly pH, might be used to influence the nature of the
products obtained upon the deamination of an amine. The
absence of a single predictable product in good yield has
limited the use of nitrous acid as a means to effect the
deamination of amines for most synthetic and analytical
purposes.

A relatively large number of products can be identified
following the reaction of n-octylamine with either nitrous
acid or sodium nitroprusside. Yieids of the six major
products of its reaction with nitrous acid varied with pH

tPresent address: Southern Regional Research Center, USDA,
New Orleans, LA 70179.

as shown in Figure 1. The reaction was most rapid at
approximately pH 3.54, and the main product under those

" conditions was 1-octyl nitrite. The formation of both 1-

and 2-octyl nitrites at low pH in the presence of excess
nitrite appears to reflect the initial formation of 1- and
2-octanol and their subsequent equilibrium as follows:”

ROH + NO,” + H* = RONO + H,0 1

although direct formation of small amounts of these com-
pounds according to eq 2 cannot be precluded. In the

RN==N* + NO;” — RONO + N, (2)

presence of chloride ion, for example, an analogous reaction
as follows:

RN=N* + ClI- — RCl + N, (3)

gives rise to significant amounts of 1- and 2-chlorooctane,
with the former becoming the principal product (i.e. ~53%
of the total) in 5 M sodium chloride (Table I).

In contrast to the reaction with nitrous acid, that with
sodium nitroprusside proceeds optimally under alkaline
conditions. Thus, as shown in Table 1, vields were greatest
at high pH, in accord with a kinetic dependence on the
unprotonated amine.! Under such conditions, no alkyl
nitrites and, in the absence of added chloride ion, no alkyl
chlorides were observed. Aldehydic products, as detected
following reactions under similar conditions by Maltz et

(1) Streitwieser, A. oJ. Org. Chem. 1957, 22, 861.

(2) Collins, C. J. Acc. Chem. Res. 1971, 4, 315.

(3) Moss, R. A. Chem. Eng. News 1971, 49, 26.

(4) Keating, J. T.; Skell, P. S. In Carbonium Ions; Olah, G. A,,
Schieyer, P. R., Eds.; Wiley-Interscience: New York, 1970; Vol. II, p 573.

(5) Friedman, L. In ref 4, p 655.

(6) Maltz, H.; Grant, M. A.; Navaroli, M. C. J. Org. Chem. 1971, 36,
363.

(7) Noyes, W. A. J. Am. Chem. Soc. 1933, 55, 3888. Kornblum, N,;
Oliveto, E. P. Ibid. 1947, 69, 465.

(8) Dozsa, L.; Kormos, V.; Beck, M. T. Inorg. Chim. Acta 1984, 82, 69.
Casado, J.; Mosquera, M.; Rodriquez Prieto, M. F.; Vazquez Tato, J. Ber.
Bunsenges. Phys. Chem. 1985, 89, 735.
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Table I. Product Compositions/Yields for the Deamination of n-Octylamine from pH 2 to 10°

% yield
pH/ solvent
product 2 4 10 HOAcf 5 M NaCl/

1-octanol® 18.4 24.2 23.1 38.1 (46 27.0 (53.2)
2-octanol? 4.8 6.2 11.7 (18.5)* 3.9 (~5)
1-octene 5.1 5.8 8.5 19.5 10.8
2-octene® 1.5 2.3 3.5 9.8 2.2

product ratios
prim/sec RX¢ 3.8 3.9 3.3 2.5 ~9
substit/elimin® 3.5 3.8 4.2 2.2 ~7

¢Reactions of 100 mM n-octylamine at pH 2 and 4 with 500 mM sodium nitrite at 22 °C for 30 min and at pH 8 and 10 with 500 mM
sodium nitroprusside at 22 °C for 24 h. Products were identified by GC-MS and quantitatively determined by GLPC (6 ft X 1/; in. i.d.
column of 3% OV-17 on 100-200 mesh Gas-Chrom Q), those amounting to less than 1% of the total are not included. ®The sum of the
alcohol and the corresponding nitrite ester. ¢trans/cis ratio ~4:1. 4Includes all primary and secondary substitution products, alcohols,
nitrite esters, acetates, and chlorides. ¢Ratios of the major (shown) products. /The initial pH values in 0.2 M sodium succinate buffer at pH
2 and 4 and in 0.2 M triethanolamine buffer at pH 8 and 10. £From ref 11. *Octy! acetates. ‘Conducted at pH 3.5 in 0.2 M sodium
succinate, 5 M NaCl buffer as described in footnote a. ’Yields of 1- and 2-chlorooctane.

al.® were also not observed. The major products were,
however, the same and, as shown in Table I, identical with
those produced upon reaction with nitrous acid at much
lower pH.?

Although yields of each product varied with pH and
other reaction conditions (i.e. temperature, reaction time,
reactant concentrations), relative amounts of the major
products were essentially identical for the two reagents
from pH 2 to 10 (Table I). The principal product in all
cases, 1-octanol, varied, for example, over a very narrow
range from ~60 to 64% of the total product. Proportions
of the other major products, 2-octanol, 1- and 2-octene,
varied by similarly small amounts.

On the basis of these results it is clear that the reactions
of nitrous acid and sodium nitroprusside with octylamine
proceed through one or more identical intermediates,
presumably an alkyldiazonium ion and, perhaps, the cor-
responding alkyl carbonium ion, and that neither hy-
droxide nor hydrogen ions are involved in the product-
forming steps.l® Dissociation of the pentacyanoferrate
moiety is very advanced, and its presence has no influence
on the formation of products.

Although both reactions appear to proceed via the same
cationic intermediates, it is at first difficult to imagine how
three different and, presumably, competing reaction
pathways (i.e. substitution, elimination, and rearrange-
ment), from which the four major products arise, might
proceed to exactly the same extent over a range of 10% in
solvent basicity. As similar amounts of substitution,
elimination, and rearrangement have also been observed
upon deamination of comparable primary aliphatic amines
in other polar solvents, for example, glacial acetic acid,!!
50% aqueous acetic acid,!? and aqueous 5 M NaCl (Table
I), a single mechanism or explanation probably applies in
all such cases.

(9) Small amounts of di-n-octyl ether and di-n-octylamine were also
usually detectable by GC-mass spectrometry in reactions with sodium
nitroprusside. After long reaction times, very small amounts of tri-n-
octylamine and nitrosodi-n-octylamine were also sometimes detectable
by the same means. A few other very, very minor products were also
detected on some occasions. None was in significant amount as compared
to the amounts of the major products presented in Table 1.

(10) It is also possible that hydroxide and/or hydrogen ions might
affect each pathway to exactly the same extent. We think this is unlikely,
however, as even very small differences in sensitivity to hydroxide and/or
hydrogen ions should have some effect on product composition when their
concentrations are varied 105-fold.

(11) Maskill, H.; Southam, R. M.; Whiting, M. C. J. Chem. Soc., Chem.
Commun. 1965, 496.

(12) Bayless, J. H.; Mendicino, F. D.; Friedman, L. J. Am. Chem. Soc.
1965, 87, 5790.
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Figure 1. The reaction of n-octylamine with nitrous acid. Yields
of the major products obtained from pH 2 to 6, under the con-
ditions described in Table I, are shown.

To account for such results, it appears necessary to
assume two different pathways. In accord with Streit-
wieser!"® and others,>!! we assume the two pathways begin
with the alkyl diazonium ion but, as shown in eq 4 and 5,

H N H H
\ \ 7
Hal +SH H s S aH N +
A
1k R S
H T o
(H® (HIR Ny " e
(RIH
. —>(R)H__._.__H
s ®

3“&3" 4 \ (H)R..
(RH

Rearranged products

in two major nonequivalent conformations. The most
abundant form, 1, is thus assumed to largely undergo
substitution, as shown in eq 4, without, or with little, in-
tervention of a free carbonium ion. The comparable
conversion of (+)-n- butylamine 1-d to n-butyl-1-d acetate
in glacial acetic acid is, for example, also hlghly concerted
as indicated by a high degree of net inversion.!® The less
abundant conformational forms, 3a and 3b, with 8-hy-
drogens aligned anti to the departing nitrogen moiety, on
the other hand, should be much more predisposed to
elimination and rearrangement, as illustrated in eq 5, and,

(13) Streitwieser, A.; Schaeffer, W. D. J. Am. Chem. Soc. 1957, 79,
2888; ibid., 2893.



5426 J. Org. Chem. 1989, 54, 5426-5428

presumably, account for most of the observed olefinic and
rearranged products. According to this hypothesis the
substitution products derive largely from conformer 1,
whereas the elimination and rearrangement products are
derived primarily from conformers 3a and 3b, perhaps via
a common hydrogen-bridged intermediate, 4.

As the relative abundance of the major conformational
forms largely determines the extent to which these dif-
ferent reactions take place and neither hydrogen nor hy-
droxide ion are directly involved, there is no significant

change in product composition with a change of 10% in
hydrogen ion concentration.
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Summary: Although alkynyl aldehydes undergo crossed
aldol condensation with trimethylsilyl enol ethers with
little stereoselectivity, their dicobalt hexacarbonyl deriv-
atives react with moderate to excellent syn diastereose-
lectivity. The selectivity is significantly dependent on the
structure of the enol derivative and on temperature but
relatively insensitive to the Lewis acid and the complex
structure. The stereochemical assignment has been con-
firmed in one case by an X-ray crystal structure deter-
mination.

Sir: Despite intense interest in stereoselective C—C bond
construction via aldol-type condensation reactions,! sur-
prisingly little is known of the prospects for aldol coupling
of alkynyl aldehydes.2® The resulting acetylenic aldols
are not only of interest in their own right, e.g. their
presence in the remarkable macrocyclic antitumor anti-
biotics esperamycin and related compounds,* but also
because the synthetic versatility of the C—C triple bond
promises to make such compounds useful synthetic in-
termediates. Studies, primarily in this laboratory, have
demonstrated the broad synthetic utility of [(propargyli-
um)Co,(CO)g]|BF, complexes (1) as propargyl cation syn-
thons,’ and, recently, results from Schreiber’s group®’ and
our own®10 have begun to realize the potential of these
complexes in stereocontrolled C—C bond formation. In this
report we present our initial findings on the contrasting
Lewis acid promoted reactions of alkynyl aldehydes and
their cobalt-complexed counterparts 2 with silylenol ethers.

(1) Reviews: (a) Heathcock, C. H. In Asymmetric Synthesis; Aca-
demic Press: New York, 1984; Vol. 3, p 111. (b) Evans, D. A.; Nelson,
J. V.; Taber, T. R. Top. Stereochem. 1982, 13, 1.

(2) (a) Coupling with a boron enolate: Evans, D. A,; Cherpeck, R. E,;
Tanis, S., unpublished results cited in ref la. (b) Coupling with enol
silanes (no stereochemistry indicated): Angoh, A. G.; Clive, L. J. J. Chem.
Soc., Chem. Commun. 1984, 534.

(3) Very recently some stereoselective aldol reactions of alkynyl ke-
tones with enol silanes have been reported: Kobayashi, S.; Matsui, S.;
Mukaiyama, T. Chem. Lett. 1988, 1491.

(4) Magnus, P.; Lewis, R. T.; Huffman, J. C. J. Am. Chem. Soc. 1988,
110, 6921. Schreiber, S. L.; Kiessling, L. L. Ibid. 1988, 110, 631. Dan-
ishefsky, S. J.; Mantlo, N. B.; Yamashita, D. S. Ibid. 1988, 110, 6890.
Nicolaou, K. C.; Zuccarello, G.; Ogawa, Y.; Schweiger, E. J.; Kuzawa, T.
Ibid. 1988, 110, 1690. Kende, A. S.; Smith, C. A. Tetrahedron Lett. 1988,
29, 4217. Tomioka, K.; Fujita, H.; Koga, K. Ibid. 1989, 30, 851.

(5) Nicholas, K. M. Acc. Chem. Res. 1987, 20, 207.

(6) Schreiber, S. L.; Sammakia, T.; Crowe, W. E. J. Am. Chem. Soc.
1986, 108, 3128.

(7) Schreiber, S. L.; Klimas, M. T.; Sammakia, T. J. Am. Chem. Soc.
1987, 109, 5749.

(8) Padmanabhan, S.; Nicholas, K. M. Tetrahedron Lett. 1982, 2555.

(9) Montana, A. M.; Nicholas, K. M.; Khan, M. A. J. Org. Chem. 1988,
53, 5193.

(10) Tester, R.; Varghese, V.; Montana, A. M.; Khan, M.; Nicholas, K.
M. J. Org. Chem., in press.

The latter reactions have been found to proceed with
moderate to excellent syn stereoselectivity. Subsequent
demetalation of these products provides a convenient
stereocontrolled route to 8-hydroxy-y-acetylenic ketones.

The requisite alkynyl aldehyde complexes 2 are con-
veniently prepared in nearly quantitative yield from the
reaction of dicobalt octacarbonyl with the alkynyl aldehyde
(hexane, 20 °C, 3 h) or by facile acidic hydrolysis of the
corresponding acetal complexes (THF/dilute HC], 20 °C,
1 h).)! Treatment of an equimolar mixture of 2a or 2b
and silylenol ethers 3-5 in CH,Cl, with 1-3 equiv of
BF4Et,O results in rapid production (15 min) of the
corresponding aldol product complexes 7-10, isolated in
good yield following addition of Et;N and aqueous workup
(eq 1, Table I). The major product in each case at -78

R, © OSiMe,
BF3 8,0
7 H o+
< § Rz cne,
(CO)3Co~Co(CO), R
2a: (R1=CH3) 3-6
2b: (Ry=Ph)
Ry oH 9
R3

(CO)4Co-Co(CO); 2 »

7-1

°C was assigned a syn stereochemistry on the basis of its
IH NMR characteristics!? and, for verification, by X-ray
diffraction of the predominant isomer of 8 (ref 13, Figure
1). Efficient coupling of complex 2b with silyl ketene
acetal 6 (E/Z = 6:1) proceeded under identical conditions
to afford ester derivative 11; however, the major product
in this case is assigned an anti stereochemistry.!4
Several additional important features of the reactions
of the complexed acetylenic aldehydes should be noted
from the table: (1) both E- and Z-enol derivatives give syn
product preferentially; (2) the degree of selectivity, how-

(11) Representative procedures and spectroscopic data for all new
compounds are provided in the supplementary material.

(12) The CHOH resonances for the syn isomers uniformly appear at
lower field than those of the anti isomers (Ad ca. 0.5 ppm); the former
were also characterized by a smaller vicinal coupling constant (2-5 Hz
vs 6-7 Hz for the anti); see ref 1a (pp 115-118) for supporting discussion.

(13) X-ray crystal data for syn-8 is available in the supplementary
materials.

(14) The CHOH resonance for the major isomer of 11 was at higher
field than for the minor isomer (5.45 vs 5.64 ppm) and exhibited a larger
vicinal coupling (6.7 vs 4.2 Hz) as well, consistent with an anti arrange-
ment.

0022-3263/89/1954-5426801.50/0 © 1989 American Chemical Society



