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Abstraet—Z-a-N-methylacetamidocinnamic acid and its methyl ester were hydfogenated with rhodium(l)

complexes cootaining (2R, 3R)-O-
:bocydc anslogues:

and 2% eo-(R) (1S, 25)-cyciohexane

2,3-isopropytidene-2,3-diydroxy-1,4-bis(dipbenytpbosphino)outane (DIOP) or its

(1R, 2R)-trans -1 2-bis(dipheayiphosphisomethyl)cyclobutane
dipheayipbosphinomethyiicyciobexane. The N-acetyl-N-methylpbeoyhalanine
was formed with an optical purity of 7% co(R) (2R, 3R)-DIOP]; 43% ee<R) {(1R, 2R)cyclobutane amalogue);
analogue]. Similarly, N-acetyl-N-methylphenylalanine was formed with an

or (18 28)trans-12-
methyl ester reaction product

optical purity of §7% ce<(R) [(2R, 3R)-DIOP] and 68% ec{(R) (1R, 2R)cyciobutase analogue}.

Thcmteolthemmuymmetmhy&mm
rhodium(I) complexes of chiral dipbosphines has pro-
pcaedtothepomtwherer«cnonpmdmhvcheen
obtained showing appeoximately 100% optical purity.’
The high degree of enantioface selectivity exhibited by
these Ri(T)/chiral diphosphine complexes in the bydro-
geaation of prochiral dehydroamino acid derivatives may
be likened in some respects to the intimate relationship
found between & “lock™ and a “key”. To a certain
extent, it even is oot altogether unreasonable to consider
swhcompkmtobeenzyme:mlom In this parti-
cular case, the chiral di complex may be
considered 1o be the “lock” while the prochiral substrate
{the debhydroamino acid derivative] is designated as the
“key”. We have been investigating these types of inter-
actions in which the polar/electronic and steric factors
may be metapborically thought of as the “tumblers of the
Jock” or the “indentations of the key". .

Some systematic investigations of  structural
parameters in the “key” (such as changes in the
carboxyi'>* and acylamino'*# moieties as well as in the
B-substitucnt”) have recently been undertaken. In such
systematic studies [based upon increasing the steric bulk
of a particular moiety in the prochiral substrate] insight
into polar/electronic effects can be obtained in addition
to the obvious steric factors. Meaningful deviations in
the behavior of a particular member of a series [for
example, CF, in the series: Me, CF,, t-Bu] can provide

1The possibie implications of this torsiosal angle spos the

optical purity of the products were discussed in owr cartier
work.” In that work, the model compound treas-1,.2-cyclopentane
dicarboxylic acid moso N-methy!l amide is in error, and all
reference to it shouid be disrogarded.

useful information regarding the existence of the above-
mentioned pohr!eiectmnic effects within the active
catalytic species.'”

Concurrently with these systematic investigations of
the “‘key”, we have started to undertake similar studies

of the “lock”. Chiral carbocyclic analogues of the

heterocyclic diphosphine: (2R, 3R)0-2.}noprog
2.3-dihydroxy-1, Mdtphenx?hosphmo)bmm (DIOP)
(D) have been synthesized.'*"™"" In these chiral trans-
1,2-bis(diphenytpbosphinomethyl)cycioalkanes  (II-II),
the torsional angle is varied between the two diphenyl-
;;;a?sphinomthyi (Ph,PCH,-] ring substituents (see Fig.
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We are interested in studying the sensitivity to steric
change {in the prochiral substrates] felt by the active
mamyﬁcm' containing these carbocyclic DIOP

BEESULYS AND DESCUSIION
mqnummideoaibatheeledolN-mhyl-
ation in the prochiral substrate upon the degree of enan-
tioface selectivity exhibited by the chiral hydrogenation

catalysts.
Z-methyl-a-N-methylacetamidocinnamate (IV) was
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prepared from Z-methyl-a-acetamidocinnamate (V) us-
ing methy! iodide and sodium hydride (see Scheme 1).
Mild KOH catalyzed hydrolysis of the unsaturated ester
IV afforded the Z-a-N-methylacetamidocinnamic acid
(VI). The 'H NMR spectra of both the N-methylated
dehydroamino acid VI and methyl ester IV show the
presence of trams and cis-amide conformers in
CDCIy/TMS solution. In both unsaturated substrates IV
and VI, the trans/cis-amide conformers are present in
the ratio of approximately 88/12.

The 'H NMR signals (in CDCI/TMS) of the CH,C=0
protons for the major and minor amide conformers of
methyl ester IV appear at 1.87 and 2.21 & respectively
(while in the free acid VI they appear now at 1.98 and
2.29 &, respectively]. The amide conformeric ratio in the
unsaturated methy! ester IV did not vary when the
solvent was changed to trifluoroacetic acid (TFA).
LaPlanche and Rogers have studied the 'H NMR spectra
of unsymmetrically N,N-disubstituted amides.”* It was
found that in the preferred isomer, the bulkier substi-
tuent on nitrogen is fraws to the acetyl Me group of
acetamides.’ Thus, the major amide conformer in both
the methyl ester IV and in the free acid VI has been
assigned the trans-amide conformation (Fig. 2). The noo-
N-methyisted unsaturated ester, Z-methyl-a-acetamido-
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cinnamate (V) exhibits 'H NMR signals of only the
trans-amide conformer in CDCly. Change of solvent to
TFA results in & trans/cis-amide ratio of 80/20 for this
substrate.

The two N-methylated prochiral substrates IV and VI
underwent  asymmetric  hydrogenation (in  abs
ethanol/benzene 2.3:1) catalyzed by Rh(I) complexes
containing chiral trans-1,2-bis(dipbenyiphos-
phinomethyt)cycloalkanes ([I-{lI) and DIOP (I). N-
methylation had a great influence upon the rate of
hydrogenation of these substrates. For example, while
the half-life period for the hydrogenation of Z-methyl-a-
acetamidocinnamate (V) coatalyzed by a  neutral
Rh(DIDlOPmchwnfumdtobenmxmtdy?
onutes [under the particular reaction conditions
employed in all of these experiments],'” the N-methyl-
ated anmalogue IV was reduced more slowly under the
same conditions [only 73% chemical conversion was
noted after 24 hr). The corresponding N-methylated un-
saturated free acid VI was even more slowly reduced
[only 54% chemical conversion was noted after a 2 br
reaction period].

It is reasonable to expect that N-methylation would
exert an influence upon the factors likely to effect the
conformation of the unsaturated substrate and also those
which effect the interaction of the olefin with the chiral
catalytic hyémmnon complex. The resuits of the
asymmetric hydrogenation experiments are givea in
Table 1. It can be seen that the N-acetyl-N-methyl
pbenylalanine methyl ester (VII) reaction product was

with an optical purity of 73% ee(R) [(2R, 3R)
DIOP); 43% ec(R) [(1R, 2R)cyclobutane analogue); and
26% ce<(R) [(15 2S)cyclobexane analogue]. These
results can be compared with those obtained with the
pos-methylated amalogue V: 69% ee{(R) [(2R,3R)

° H

mﬂ,’tcm,
M, u,)gcn,

{(R)}-vil

,COOCH,

j-m,ogcn,

(S)-vii

Scheme 1.



Structural requirements in chiral dipbosphine-rbodium complexes—XII'

Table 1. Asymmetric hydrogenation of Z-methyl a-N-methyl-
acetamidocimnamate (1V) and free acid (VI) catalyzed by meutral

chlororhbodium(T)/chiral diphosphine complexes®
% % Opt. Abs.
Olefin  Diphosphine Coov® [alo™ purity’ coafig.
v (2R, IR} T +457 73 R
v (IR 2R)-II 2 +27 5] R
v (18,2511 9 +16S 2% R
vl (2R, 3R)}I* 4 +542 8 R
Vi (IR2R)}II'  ~100 +427 68 R
vl (18,2511 15 = —_ —

‘(Rh] =30 mmol I'; [(hphotphm]f[l!h]-l.l; [substrate)/
[Rh}=25;: [(abs. EtOH)[benzense]=23; total volume
10m!; 1 atm. H,; and 25°C. *Determined by dmmnoulph
€107 x{a) = degree g ™' car’; (C, 1.0, CHCI,) “Based ?o
scetyl-N-methyl-(S)-phenyhalanine methyl ester: [alp
(C. 1.0, CHClLy); freeuadteducooepmdncacouvmedtomethyl
esters via dinzomethane prior to determination of optical purity.
*2R, 3R) - O - 23 - isopropylidenc - 2,3 - dihydroxy - 1.4
bis(dipheayipbosphino)butane (DIOP). (1R, 2R) - trans - 1.2 -
bis(diphenyiphosphinomethyl)cyclobutane. 418, 25) - trans - 1.2 -
bis(dipbenytpbosphisomethyl)cyclobexane. *Optical rotation not
determined due to low chemical conversion.

DIOP);® 44% ec(R) ((1R, 2R)-cyclobutane analogue];*
and 1% ee«(R) [(1S, 2S)cyclobexane analogue).’

Similarly, N-acetyl-N-methylphenylalanine free acid
(VIII) was formed with an optical purity of 87% ce<(R)
[(2R, 3R)-DIOP}; and 68% ec-(R) ((1S, 2S)cyclobutane
analogue]. When the «catalyst used was the
rhodium(1)/(1S, 2S5) - trans - 1,2 - bu(dlpbenylpbosphmo-
methyl)cyclobexane oomplex. the saturated reaction
product was produced in only 15% chemical conversion
after a 24 hr reaction period. Therefore, the low quaatity of
mnmntedpmdmtdndnotpamuhedetammnonof
product optical purity in this case. The non-methylated
frecaadamlowe(z-a-wcunndocmmmcaad)pveu
reduction product optical purity of 82% ee-(R) [(2R,
JR)-DIOP]" 86% ece(R) [(1R 2R)<yclobutane
analogue).’

It is seen that the presence of the N-Me moiety did not
significantly effect the optical purity of the methyl ester
product (73% ee<(R) [N-Me] vs 69% ee<(R) [N-H]) or
the free acid product (87% ee(R) [N-Me] vs 82% ee(R)
(N-H] when the catalytic system employed was the
rhodium(I)}/DIOP complex. Similarly, the presence or
absence of N-methylation did not effect the optical
purity of the methy! ester product (43% ee(R) [N-Me] vs
44% cc(R) [N-H])) when the neutral RWI)/(1R,2R)
cyclobutane analogue II was utilized. However, with the
latter catalytic system N-methylation of the unsaturated
free acid VI resulted in a decrease in attack upon the
si-re prochiral face to give less of the (R)-amino acid
derivative: 68% ee(R) [N-Me] vs 86% ee<(R) [N-H].
Finally, it is seen that N-methylation resulted in a fairly
large change in the optical purity of the methyl ester
product (26% ee(R) [N-Me] vs 1% ee<(R) [N-H]) when
the neutral RD)/(1S, 25)cyclobexane analogue II] was
utilized. If we correct for the (1S, 25)chirality of the
cyclobexane diphosphine utilized (vs the (R, R)-chirality
olDIOPandincyclobmaneamlognm.itiswenM
N-methyhnou again resulted in a decrease in attack
vpon the si-re prochiral face. The higher sensitivity of
the Rh(I)Icyclohennc analogue I  hydrogenation
eoaplex to increasing steric bulk within the alcobol
moiety of Z-a-acetamidocinnamate esters ([when
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compared to the two other above-mentioned chiral
dipbosphines I-II] bas been interpreted in terms of a
tdanvdymorcﬂexiblﬂ-mbaedchehtcmbcmen

the diphosphine ligand and rhodium.' The greater sensi-
tivity of this hydrogenation complex to N-methylation in
the unsaturated methyl ester IV is consistent with this
interpretation.

Other than the obvious conclusion that the amide
proton does not appear to play an essential role in the
enantioface differentiation process, a more detailed
explanation of these experimental results is dificult at
this stage. Additional studies of N-alkylation will have to
be made before a more general assessment can be given
about its behavior.

During the period that our work was in progress, a
report appeared of the asymmetric hydrogenation of
Z-a-N-methylbenzamidocinnamic acid using a cationic
catalyst precursor, cyclooctadiene - 15[(R,R) - 12 -
cthandiylbis(o - methoxypbeoyl)phenyipbocphnc}-
rhodium tetrafluoroborate.'* While no details were
given of the analytical procedure utilized to obtain
the product optical purity, it was stated that the N-
methylated product showed 68% ce<(S) vs 78% ee<(S)
for the non-N-methyiated analogue. Since this catalyst
system involves a cationic Ri(I) hydrogenation complex
(containing a S-membered chelate ring with the chiral
dipbosphine), a direct comparison of these results with
ours is oot possible.

Finally, we would like to comment upon the 'H NMR
spectrum of the N-acetyl-N-methyl{S)-phenylalanine
methyl ester (VII) optically-pure standard listed in Table
2. Similar to the case of the dehydro precursor IV, it was
found that signals corresponding to cis/trans-amide con-
formers were also present in the 'H NMR spectrum of
this material (Fig. 3, where R = PhCHCH,00C)CH-).
The major amide conformer shows N-methyl and N-
methine signals at 2.74 8 (S) and 5.13 8 (D of D),
respectively (in CDCI/TMS]. The major and minor
amldeconfommwercloimdtobeprmminthemio
of 3/1 [in CDCl,/TMS).

Tbc'HNMRofduubmnedamduhubecnex-
tensively studied.'® In dimethyiformamide, the N-Me 'H
NMR signal that is found at higher field (closer to TMS)
has been assigned to be that arising from the Me group
cis to the O atom. Initially, this assignment was based
upon the larger long range coupling constant exhibited by
thuN-Mepoupnhnvetothuuhownbythelowefﬁeld
signal." This large long range coupling coostant was
assumed to be that which arose from a trans geometrical
relationship between the protons in the Me group and the
aldehydic proton.” This assignment was later confirmed
using NOE data.”

The 'H NMR data of the N-acetyl-N-methyl(S)-
pbhenylalanine methyl ester (VII) [RCH(NCHj
COCH,)COOCH,, where R=PbhCH,] may be
compared with those given for the known glycine
[where R=H]" and alanine [where R = CH,}"™ analo-
gues. The 'H NMR spectra for both the glycine [DMSO-
de solvent] and the alanine [CH,Cl, solvent] analogues
show the presence of trams and cis-amide confos-
mations. In both cases, the major conformer was as-
signed the trams-amide conformation and exhibited the
N-Me signal at lower field relative to the corresponding
signal in the minor conformer.”™'® As an initial starting
point, this data would lead us to assign the cis-amide
coufcrmation to the major conformer of N-acetyl-N-
methyl(S)-pbenylalanine methyl ester (VII) in CDCl,.



Table 2 'H NMR of Z-methyl
(PRCA=C(NCHyCOCH,)COOR where R=CH, or H,

a-N-methylacetamidocioaamate

R Guas o o,

V) and free acd (VD)
respectively] and N-acetyl-N-methyl(S)-phenylalanine

methyl ester (VII) [PACH,CH(INCH,COCH)COOCH,"

v 154 (S) 1H-PYCH 13
7.3320.15 (M) SH-PRY, 73320.15 SH-PhY,
IS 3H-CH,0 178 (S) 3H-CH,O
383 (S 3H-CH,N 3.03(S 3H-CH;N
1.87(S) 3H-CHC=O 221(9) 3H-CH,C=0
VI 10.26 (brosd S)  1H-COOH 1026(broad S)  IH-COOH 6.7
166 (S) IH-PACY 7.18(S) IH-PHCH
73820.15 (M) SH-PAH 7.3820.15 (M) SH-PAY
3109 JH-CH,N 3.10(S) JH-CH,N
198 (S JH-CHL=O 229(S) 3H-CHC=O
vl 7.102£0.10 (M) SH-PRY 7.102£0.10 (M) SH-PAY 33
S.03(Dof D) 1H-CHN,} =105 451(Dof D) IH-CY,N,J=10S5
J=53 I=355
362(S) JH-C_UJ? 367 (5 JH-CH,0
326 (AB-Q) IH-CHLC.J=14 -
, J=5S
100(AB-Q) H-CHC,J=14 —_
J=105
374(S) 3H-CH,N 281 (S) IH-CH,N
1.90 (S) IH-CHLC=0 1L.70(S) 3H-CHC=0
v 7.0320.10 (M) SH-PAY 7.0320.10 (M) SH-PAH 30
SNBDo D) IH-CHN,J =105 433(Dot D) 1H-CHN,J=105
J=55$ J=55
335( JR-CH,(‘) 1R JH-CH,O
— 1H-CHL -
- IH-CHC -
238(S) JH-CH,N 290 (S) JH-CH,N
160 (S) IH-CH,C=O 1.60 (S) 3H-CH,C=O

*Spectrs measured with a Variaa X1-100-15 at 100 MHz, ambicat probe temperature, chemical shifts are
expressed in 8-values (ppm) relative 10 internal Me Si J values are ia Hz. Sotvent is CDCl, except where otherwise
voted. Multiplicities for the protoa growpings are as follows: (S)=singlet, (D of D)=doublet of dowbiets,
(AB-Q) = AB quartet, and (M) = multiplet. *Assigned the trans-amide structure. *Assigned the cis-amide structure.

“Solveat is C(Dy. “Two overispping AB quartets.

However, such an assignment would be contrary to the
finding (mentioned eartier) that the major isomer of
unsymmetrical N N-disubstituted acetamides is the
trans-amide conformer based upon 'H NMR [ie. the

This seemingly paradoxical situation can be explained
when the solvent effect of benzene (upon the 'H NMR
spectra of amides) is taken into coasideration. In N-
methyl-N-afkylamides (neat) it bas been shown by 'H
NMR that the chemical shift of the N-Me group trass to
the carbonyl oxygen (for the major coeformer) is moved
to higher field upon addition of benzeae (while the cor-
ing signal in the minor cis-amide conformer is
less effected by the addition of benzene].'* This

has been explained as arising from a
interaction (Fig. 3a) between the benzene -
undthc'N.m(whiehmybeeon_ﬁdetedto

E

E
2

B<C atom can participate intramolecularly in a similar
type of interaction with the amide N atom. Thas, this
argument now allows us 1o assign the rrans-amide struc-
ture to the major conformer of VII, evea though the N-Me
'H NMR signal appears at relatively higher field [in
CDCl1,/TMS] than the corresponding sigmal in the minor
conformer.

(a)

(b)

Fig 3.

This new assignment is consistent with the 'H NMR
spectrum of VII that is obtained when CJD/TMS is used
as the solvent. Now, the N-Me signal of the major
conformer appears at 238 8 while the corresponding
signal in the minor coeformer appears at 2808
{compared 10 the corresponding siguals at 2.74 and
2.81 & respectively when CDCI/TMS is the solvent].
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Thus, in the three cases discussed above it appears that
the steric and electronic nature of the group attached to
the a-C atom in N-acetyl-N-methyl amino acid methyl
esters [RCH(NCH,COCH,)COOCH,, where R=H, CH,
and CH,Ph] does not alter the predominance of the
trans-amide conformer relative to the cis-amide.
However, the nature of this R group is shown to exert an
influence upon the relative chemical shift vatues of the

ing protons within the two amide conformer

species

EXPERIMENTAL

Hydrogesatioas were carried out in a glass atmospheric pres-
sare apparatus st 25 £ 0.5° according to the method described.’'.
Neutral rbodiem(T) complexes were propared from chioro(l.5-
cyclooctadienerbodium(l) dimer [purchased from Strem Chem-
icals Inc.) according to the method described.’®' Al m.ps are
uscorrected. were performed at the Hebrew
University of Jerusalem. 'H NMR spectra were obtained on a
Varisn XL-100-15 spectrometer at 100.1 MHz.

(=2R,3R)}-DIOP, [alo2-119" (c. 1.0, bemzene) hit®
(alo2-123" (c, 4.57, benzene), was purchased from Strem
Chemicals Inc. and used as recaved.l (15.2.»»-.:-1.2,
MMMYIW. al™-17.0° (c, 1.0,
benzene) and m.p. 107 lit."! [alp™® - 18.6° (¢, 1.0, benzene) and
mp. 107, was sccording to the method of Rhoae
Poulenc  SA'" (15, 25)-trars-1 2-bis(diphenyiphosphino-
methylicyclobexane, [alo® +52.7 (¢, 1.0, benzene) and m.p.
$5-36°, was prepared as described.'

(.05 mmol) Z-methyl a-acetamidocinnamate (prepared as
described,’ dissolved in S0ml dry THF, was added 39 mg
(13.1 mmol) solid sodium hydride. Upoa cessation of efferves-
ceace, 1.90 (28.2 mmol) Mel was added, the mixture stirred 2
days at room temp. and thea evaporated ia vecwo to dryness to
yiedd s solid residue. The slwry produced after addition of S m)
CHCl, was chromatographed oe a silica-gel columa (prepared in
petroleum-cther 60-80°, and elutod with an increasing gradient of
EtOAc in petrolcom-cther 60-30"). A solid was obtained which
after recrystallization from bot petroleum-cther 60-80° gave
080g (49% yield) Z-methyl a-N-methylacetamidocinnamate,
mp. $5-ST. The IR spectrom (KBr pellet) showed absorptions at
1710cm™ (C=O stretch, ester), 1660 cm™" (C=O stretch, amide),
and 1620 cm ™' (C=C stretch). The 'H NMR spectrum is bisted in
Table 2. (Found: C, 66.90; H, 6.70; N, 5.95. Cak. for C,sHsNOy:
C, 66.95; H, 6.46; N, 6.00%).

1.25g
dissolved

in 1Sml THF, was added 4l IN KOH and the mixture was
stirred overnight at room temp. Upoa cooling to 0°, 10ml CCL,,
and 1.5 ol comc HC] were added. After 00 iR 0acso o
dryness, the residee was partitioaed betweea CHClywater, and
the aqueouns layer extracted with CHCl,. The combised organic
lhayers were dried over MgSO,, fikered, and cvaporated in secwo
to drymess to yield s solid. Recrystallization for
EtOAc/petroleum-other 60-30° gave 0.30g (68% yicld) Z-a-N-
methylacetamidocinmamic acid, m.p. 166-167. The IR spectrum
(KBr pellet) showed sbeorptioas at 3050cm™' (O-H stretch,
broad), 1710cm™' (C=O stretch, ester), and 1600cm™" (C=O
stretch, amide and C=C stretch, broad). The 'H NMR spectrum is
listed in Table 2. (Found: C, 65.70; H, 6.08; N, 6.35. Cakc. for
CHi3NO,: C, 65.75; H, 5.94; N, 6.40%).
N-Acetyl-N-mahyl(S)-phenylcianine methyl ester (VI). to
Ndmg (1mmol) N-methyl(S)phenylalanine methyl ester
hydrobromide, [ak”+37.3 (c, 2, DMF) [prepared as
ia 15ml Nadried benzeoe, was added 0.14ml
(1 mmol) Et,N. After a second additioa of 0.14 ml (1 mmol) Bt,N,
78.5 x! (1.1 mamol) acety] chioride was addod, the mixture stirred
1hr ot room temp. and then fitered. Upoa evaporation of the
fiitrate to dryness s vecwo, 30 odl was obtained which was then

petrolcum-cther 60-80") to give 200 mg (85% yield) N-acetyl-N-
methyl(S)-pheaylalanine methy! ester as aa ol); (o™ -62.5°,
[a)Be- 1388, (a)},~329.0° (c, 1.0, CHCly). The IR spectrum
(nest Bquid between NaCl plates) showed absorptions at
1740cm ™' (C=O streich, ester); and 1650cm™"' (C=O stretch,
amide). The 'R NMR spectrum is listed in Table 2. (Fouad: C,
66.12; H, 7.43; N, 6.07. Cakc. for C,HyNOy: C, 66.38; H, 7.23;
N, 5.9¢%).

All reactions were terminated after 24 br. After evaporation of
the solveat in secwo, the residues of crude prodect mixtures
(from the free acid substrate) were directly treated with
dinzomethane in ether. The per cent conversion of all the esters
(including those prepared via diszomethane) was determined by
saalysis on a Variaa 2100 gas chromatograph as described.' All

optical rotation ia a Perkin Eitmer MC-14]1 polarimeter. The
rotation was measured at three waveleagths: 589 (Na-D); 434.75
and 334.1Sam; 25° and & concestration of 1.0x10 % gml™' in
CHC],. The validity of the diazomethane treatment of crude free
acid products has been shown.'

Acimowiedgement—The authors express their thanks to Mrs.
Paula Ovadia for technical assistance.
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