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Mechanisms of Hydrogenation. PartIX.t Induced Asymmetryin Homo-
geneous Hydrogenation at a Rhodium Complex by the Use of Optically
Active Amide Ligands

By P. Abley and F. J. McQuillin,* Department of Organic Chemistry, The University of Newcastle upon Tyne,
Newcastle upon Tyne NE1 7RU

Homogeneous hydrogenation of methyl trans- or cis-3-phenylbut-2-enoate at a rhodium complex in presence of
a series of optically active amides yields methyl 3-phenylbutanoate showing an appreciable degree of optical
activity depending on the amide. The asymmetry of the methyl 3-phenylbutanoate formed is correlated with the

chirality of the amide ligand in the complex.

WE have described ! a system for homogeneous hydrogen-
ation from which a catalytically active complex,
(py)oRh(dmf)Cl,(BH,), carrying dimethylformamide
{dmf) as a ligand has been isolated. This observation
suggested the possibility of using an optically active
amide ligand in place of dimethylformamide as a
means of inducing asymmetric hydrogenation of a
suitable olefin. This concept has been verified # by
the hydrogenation of methyl 3-phenylbut-2-enoate (I)

Ph Ph
C=CH:CO,Me —> >CH-—CH2-C02Me
CHy (D CH, (m

with (py);RhCl;-NaBH, and hydrogen in the presence

of the amides listed in the Table to give methyl 3-phenyl-

butanoate (II) of various degrees of optical activity.
Initially the optically active amide was used as the

solvent, 4.e. it replaced the dimethylformamide previ-
ously used as reaction medium with this catalyst
system.! This procedure is, however, objectionable in
that it limits the choice of amide to liquid materials, and
more seriously through the possibility that the induced
asymmetry could arise not via a specific amide-rhodium
complex, but simply as a result of solvation in the asym-
metric medium. However, since the induced optical
activity could be reproduced quantitatively by using the
amide in dilute solution in diethylene glycol monoethyl
ether (digol, EtOCH,CH,O'CH,:CH,OH), or in this
solvent with a little water the results must be ascribed
to the amide acting as an asymmetric ligand and in cis
relation to the reaction site for hydrogenation.

1 Part VIII, preceding paper.

1 1. Jardine and F. J. McQuillin, Chem. Comm., 1969, 477.
2 P. Abley and F. J. McQuillin, Chene. Comm., 1969, 477.
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Pure methyl 3-phenylbutanocate shows an optical
rotation3 of +58°. The best values observed for
induced asymmetry therefore correspond to an optical
yield of ca. 60%,, which represents a useful advance on
previous examples of this type reported for hetero-
geneous 4 or homogeneous hydrogenation.?

PhCOMe + BCH;COMe —>  Ph-CiMelCH,CO,Me
OH

Methyl 3-phenylbut-2-enoate prepared ¢ by sequence
(1) was shown (n.m.r. spectrum) to contain the cis- (Ia)
and #rans- (Ib) isomersinaratioof 1:9. Hydrogenation
of this mixture and of the pure #rans- and cis-isomers was
examined.

Methyl 8-phenylbut-2-enoate (0-1m) with
(py)sRhCl-NaBH, (45 x 107x)

Amide Solvent * Product (II)
(+)-(IT [oc]n +180° (@) [alp +33°
(—)-{I1 —170 (a) —28
(+)- (U ) -+180 (0) +32
(+H)-(IV) +175 (©) 26
(—)-(V) —0-55 (@) -9
{-+)-(VI +40-7 () -8
(—=)-(VII) —42 (b) --26
With cis- (Ia) ester (5) 23
‘With ¢rans- (Ib) ester

(=)-(VIII)  —25
With cis- (Ib) ester +16
‘With #rans- (Ib) ester &) +13

* (a) With amide as solvent at 60°. (b) With amide as a 5%,
solution in ethyl digol. (¢) With a 5%, solution in ethyl digol-
water (10: 1).

PhCH(Me)-NH-CHO [PhCH(Me)-NH-CO-], MeCH{OH)-C(OINMe,

(m) (V) ()
Me Me
HOCH?O H o\ HCOINH
HON—VY OH
NHAc (v (VI

Although there are clear exceptions,” amides
are generally regarded as being co-ordinated through
the carbonyl oxygen® which, in a case such as
PhCH(Me)-NH-CHO places the optically active centre
five atoms removed from the centre of induced asym-
metry. However, in the reactions of glyoxylic esters

3 D. J. Cram, J. Awmer. Chem. Soc., 1952, 74, 2137.

4 V. Prelog and H. Scherrer, Helv. Chim. Acta, 1959, 42, 2227.

5 L. Horner, H. Siegel, and H. Biithe, Angew. Chem. Internat.
Edn., 1968, 7, 942; W. S. Knowles and M. J. Sabacky, Chem.
Comm., 1968, 1445,

¢ D. Lipkin and I. D. Stewart, J. Amer. Chem. Soc., 1939,
81, 3295.

7 Cf. R. A. O. Hill and K. A. Rapin, J. Ckem. Soc. (4), 1969,
619; D. B. Brown, M. B. Robin, and R. O. Burbank, J. Amer.
Chem. Soc.,-1968, 90, 5621.

8 W. E. Bull, S. K. Madan, and J. E. Willis, Inorg. Chem.,
1963, 2, 303; R. S. Drago, D. W. Melk, M. K. Jaesen, and L.
Laroche, tbid., p. 124; R. S. Drago, R. L. Carlson, and K. F.
Purcell, ibid., 1965, 4, 195.
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with Grignard reagents asymmetry is induced over a
separation of four atomic centres,® and in the amides
the bond order places some limitation on rotation about
the -NH-CO bond.'® Further, in considering the
rotational preference at the asymmetric carbon centre
of the complexed amide we suppose that an arrangement

Ph CO,Me Ph H
POCly \ /
—_— C=C\ + /C=C\ {1)
Me H Me COZMe
(Ia) {Ib)

(IX) or {X) with the smallest substituent directed to-
wards, and the larger groups L and M, directed away
from the rhodium complex will represent a state of

minimal compression.
2 Rh 2 2 Rh Z
He= =0 | 0 I

H
I CH
HN\sc’ e HN< H
> c’ (X)
4 M VAN
LM

The stereochemistry of (S)-(—)-1-phenylethylamine
(XI) has been related to that of (R)-(—)-3-phenyl-
butanoic acid (XII) wia (S)-(+)-hydratropic acid.»1
The NN-dimethyl-lactamide (V) used was obtained from
(+)-lactic acid (XIII).12 The bornyl- and isobornyl-
amides were prepared® from (+)-camphor* (XIV),
and have therefore the absolute configurations shown in
(VII) and (VIII). The configuration of C-2 of (-)-N-
acetyl-a-D-glucosamine has been correlated 1> with
(-+)-alanine (XV) in which the methyl group is derived
from C-1 of the glucosamine. The N-acetyl glucosamine
therefore has the configuration (XVI).

N, CHyCORH oy
H M H
Pﬁ Me (X1) Plhch\de (X1} Mgc})H (xXm)
i Me (xvD ?ﬁf (;C:O?:
@ Ho-H?’ \CI:H-OH vl \"“Hz
(XTY) HCQ:Q?HZ_OH (XV)

S V. Prelog, Helv. Chim. Acta, 1953, 36, 308 and later papers.

0 Cf. J. C. Woodbry and M. J. Rogers, J. Amer. Chem. Soc.,
1962, 84, 13; R. C. Newman, D. N. Roak, and V. Jonas, ibid.,
1967, 89, 3412; L. A. La Planche and M. T. Rogers, ¢bid., 1963,
85, 3728; 1964, 86, 337.

1 C. L. Arcus and J. Kenyon, J. Chem. Soc., 1939, 916;
H. I. Bernstein and F. C. Whitmore, J. Amer. Chem. Soc., 1939,
61, 1324.

12 7. A. Mills and W. Klyne, Progr. Stereochem., 1954, 1, 182,

13 K. Alder and G. Stein, Annalen, 1936, 525 222; M. O.
Forster, J. Chem. Soc., 1898, 78, 386.

14 Cf. A. J. Birch, Ann. Rep. Chem. Soc., 1950, 47, 191.

15 N. L. Wolfrom, R. U. Lemieux, and S. M, Olin, J. Amer.
Chem. Soc., 1949, 71, 2870.
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The resultant chirality of the methyl 3-phenyl-
butanoate which is formed in hydrogenation could be
determined either by the sense (XVIIa and b) for the
trans- and (XVIIIa and b) for the cis-ester, in which the
methyl 3-phenylbut-2-enoate is co-ordinated, or at the
subsequent stage of hydrogen transfer. Since, however,
the cis- and trans-isomers (Ia) and (Ib) give almost
exactly the same degree of induced asymmetry it seems
likely that at the decisive stage the molecule has lost the
olefin geometry. This may imply that the hydrogen-
transfer step determines the induced asymmetry, or
that of the arrangements (a) and (b) in (XVII) and

(XVIII), one is very much preferred.

; EPh Me 2 E e Ph

CO Me MeOzc
(XVIa) {XVIb)
; EMe Ph 2 EPh Me
Am
CO Me MeO C
{X¥Ia) (XVIIb)

Am= Amide ligand

The sequence of hydrogen addition is unknown, but
on steric grounds addition to the tertiary centre should
be the slow step. The converse order of addition would
not materially alter the following reasoning, but develop-
ment of the asymmetry of the product is most con-
veniently discussed in terms of a reaction complex (XIX)
or (XX) based on the following considerations. (i) The
amide is co-ordinated so that the smallest substituent
group, hydrogen, projects towards the complex. (ii) The
smaller groups of the butanoate, ¢.e. CHyCO,Me or CHj,
will be projected so as to lie preferentially between the
two smaller groups, H and M, of the asymmetric carbon
centre, <.e. with the phenyl group remote.

Premise (i) minimises steric compression of the co-
ordinated amide, and (ii) minimises steric compression
between the amide and butanoate substituent groups.
The activation energy to achieve (XIX) or (XX) is in
this way minimised.

?"Ph
CHZ-Cone
Hw (0] H~ &O Me2N\ ¢0
or C _ C
(XX),L= | I xX),L= 1
Ho e N y C:
VAN C---H C
M 4 3
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Hydrogenolysis of the rhodium-carbon bond, with
retention of stereochemistry, leads to (R)-(—)-methyl 3-
phenylbutanoate, which is in fact the predominant
enantiomorph formed with (S)-(—)-1-phenylethylform-
amide, 7.e. in the case (XIX; L = Ph, M = Me). Tor
(—)-NN-dimethyl-lactamide: L = Me, and M=
OH, and for (+)-N-acetyl-a-pD-glucosamide: L =
CH-OH-CH'OH and M = CH-OH-O-, which again
should correspond with the formation of an excess of the
(R)-(—)-methyl phenylbutanoate, as is observed. For
(R)-(+)-PhCH(Me)'NH-CHO and the related (4)-
oxamide (IV), the group sizes at the chiral centre lead
to an arrangement entiomorphous with (XIX) in which
the stereochemistry of the amide and butanoate ligands
are inverted. TFollowing the steric conventions (i) and
(ii) the (R)-(+)-phenylethyl amides should then lead to
the formation of a preponderance of (S)-(+4)-methyl
phenylbutanoate, as is observed. Thus the stereo-
selectivity of the complex derives from the effectiveness
of the substituents L and M in the amide in determining
the orientation in which the phenylbutenoic ester will
more readily co-ordinate and react. The available data
point to a correlation between the degree of induced
optical activity and the size of the L and M groups in the
amide.

The bornane ring system is less hindered on the endo-
side, X6 7.e. remote from the >C(CHj), bridge and —CH,
substituents. On these grounds (XXI) and (XXII)
should represent preferred orientations for the bornyl-
and isobornyl-formamide ligands respectively. 1In alter-
native rotamers of (XXI) and (XXII) there is greater
hindrance between the bornyl residue and the -NH-CHO
group, and also with the remainder of the rhodium-
complex, although the energy advantage of (XXI) and

(XXII) over these alternatives is evidently not large.
Inspection shows that both (XXI) and (XXII) should
lead to the observed preponderance of (S)-(+)-methyl
phenylbutanoate on hydrogenation. It is of interest
that the bornylamine derivative proved rather the more
effective. In the reaction of bornyl- and isobornyl-
phenylglyoxalates with methylmagnesium iodide Prelog1?
observed a rather greater degree of asymmetric induction
with the bornyl than with the isobornyl ester.

EXPERIMENTAL
Methyl 3-phenylbut-2-emoate. This was obtained as
described in ref. 6, b.p. 142° at 1-2 mmHg, v 3-90 and 3-16

16 Cf. H. C. Brown and J. Muzzio, J. Amer. Chem. Soc., 1966,
88, 2811.
17 V. Prelog and H. L. Meier, Helv. Chim. Acta, 1953, 86, 320.
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(vinyl proton) relative intensity 9: 1, corresponding to the
trans- and cis-isomers. Hydrolysis and recrystallisation of
the acid from hexane gave cis- and #rans-3-phenylbut-2-
enoic acid, m.p. 131 and 98° respectively (lit.,18 131-5 and
98:5° respectively). Re-esterification with diazomethane
gave the corresponding methyl esters.

(+)- and (—)-N-1-Phenylethylformamide. 1-Phenyl-
ethylamine was resolved 1®* by means of (--)-tartaric acid
to give the (4)- and (—)-enantiomorphs, [¢], 4-39 and
—37° (lit.,»® [f, +39-1 and —40-3° respectively). The
amine was heated under reflux with ethyl formate and the
product was distilled to give (+)- and (—)-N-1-phenylethyl-
formamide, b.p. 130° at 1-2 mmHg, [«], +180 and —172°
(lit.,20 —178°).

(+)-NN’-Bis-(1-phenylethyl)oxamide. This was obtained
from (+)-1-phenylethylamine and diethyl oxalate on
warming, m.p. 182° (lit.,2! 180°), [a],, 4-175°.

NN-Dimethyl-lactamide. (+)-Lactic acid (1-0 g) in tetra-
hydrofuran (20 ml) with triethylamine (1-1 g) was treated
with ethyl chloroformate (1-3 g) with cooling. The precipi-
tated triethylamine hydrochloride was filtered off and
dimethylamine (0-5 g) was added to the filtrate. Distillation
gave (—)-NN-dimethyl-lactamide, b.p. 62° at 1-2 mmHg,
[, —0-55° (lit.,2%22 b.p. 56° at 0-6 mmHg, [«],, —0-6°).

N-Bornyl- and -isobornyl-formamides. Camphor oxime,
[oJ, —43°, was prepared from (--)-camphor, [uf, -+44°.
Reduction of the oxime with sodium and pentyl alcohol
gave (-)-bornylamine, m.p. 161°, [« -43° (lit.,'* m.p.
163°, [o), +-47-2). Catalytic hydrogenation with platinum
oxide in acetic acid gave isobornylamine, m.p. 182° [«
—45° (lit.,'* m.p. 184°, [«], —43-7°). Theformylderivatives
were obtained by refluxing the amines with ethyl formate,
viz: N-bornylformamide, m.p. 95°, [a];, —40-3° (lit.,»® m.p.

18 B. Stoermer, F. Grimm, and E. Laage, Chem. Ber., 1917,
50, 959.

19 W, Theilacker and H. G. Winkler, Chem. Ber., 1954, 87, 690.
20 R, Huisgen and C. Riichards, Annalen, 1956, 601, 1.
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93°, [a], —42°), and N-isobornylformamide, m.p. 69°, [«],
—26-2° (lit.,® m.p. 73°, [, —25-8°).

Hydyogenations. Hydrogenations were carried out in a
differential form of apparatus,? the olefin being introduced
after the catalyst solution [(py),RhCl,NaBH,~amide-
solvent] had been equilibrated with hydrogen (1 atmos.;
20°). The concentrations and conditions of wuse are
indicated in the Table.

Asymmetric hydrogemations. A solution of (py);RhCl,—
NaBH, (4-5 mM) was prepared either (a) in the optically
active amide, (+)- or (—)-(III), or (—)-(V), as solvent, or
(b) in a 59, solution of the amide, (4)-(ILI), (—)~(VII), or
(—)-(VIII), in ethyl digol, or (c) in a 5%, solution of amide
(+)-(V1) in ethyl digol and water (10:1). Methyl 3-
phenylbut-2-enoate was added so as to give a 0-1 molar
concentration and the mixture was shaken under hydrogen.
In case (a) the solution was warmed to 60° to reduce the
viscosity.

After uptake of the required volume of hydrogen, and
testing of a sample (n.m.r.) for complete hydrogenation, the
organic product was extracted into hexane. The hexane
extract, washed with water and dried, gave a product which
was distilled, b.p. 110° at 1-2 mmHg. The optical rotation
of the distilled ester was measured directly, and also after
alkaline hydrolysis and re-esterification with diazomethane.
We observed no significant differences between these
measurements.

‘We thank Unilever Ltd. for financial support.

[0/1205 Received, July 15th, 1970)

21 K. Freudenberg, W. Kuhn, and I. Bumann, Chem. Ber.,
1930, 63, 2380.

22 W. P. Ratchford and C. H. Fisher, J. Ameyr. Chem. Soc.,
1947, 69, 1911.

28 Cf. F. J. McQuillin and W. O. Ord, J. Chem. Soc., 1959,
2902.
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