
4l,No, 2,pp. 467 80472, 1985 
Brmta 

oo40-4020/85 $3 oa + .oo 
Pergslman Press Ltd 

NAD(P)H MODELS 20” 

C~E~U~E~ECT~VE METAL KIN CATALYZED REDUCTION OF 
c+KETO-#i, ~~~~~AT~RATED ESTERS BY ~~4aDr~YDRU~YR~D~NE 

DERI[VATIVES 

?kms H. P. MEIJER~ and UPENEMU K. PANDIT* 
Urgan~~~h~istry Labor~t~ry~ University if Amsterdam, Nieuwe Achter~~~ht 129,lUtg WS Amsterdam, 

-i-he Netherlands 

(Receiiued in UK 9 Jufy 1984) 

Abs&ac&-- Ethyl 2-oxa&aryl-bbutene- f -o&es (la-c) are reduced by NAmP)H models (1~n-propyl- l& 
d~hydr~n~~tjn~~de~4) and Hanrscft ester (5))t in presence of magnesium perchforate. One equivalent of the 
reductant reduces the substrates setactively to the correspanding 2-ox&-arytbutanoates (5% Xk, h). AR 
additional equivalent and higher temprature, converts ethyl 2-~xo-6-pheny~butanaatr: (85) to ethyl 2, 
hydr#xy4phenylbutan~~te (7). Reductian of ethyl 2-ox+4-phenyl-3-bu&n-l-oate (la) by Wantzsch ester in 
C,H@D or by Han-h ester-4,4do in C$+,OH, leads to direct transfer of the hydrogen or deuterium, 
respectiveXy, without js~t~pic~~b~~ng. These resutts have been interpreted to support the hydride transfer 
mechanism. 

Enzymatic reactions are characterized by several types 
of selectivity, One type of selectivity, referred to as 
“chemoselectivity”, constitutes the specific reaction at 
a single functianal site of a multi-funeti~nal substrate. 
In the case of pyridine nucfeotide dependent 
dehydrogenases, chemoselectivity is illustrated by the 
reduction of either the carbon-carbon double bond3 
or the carbony group4 of exemplary substrates 
incorporating GIP_enane functi~~~ity. Chemaselect- 
ivity has also been dernctnstrated in the reduction oft@- 
unsaturated ketones5 and a&unsaturated imine&’ by 
models of NAfStP)H coenzymes. We now present the 
selective reduction of the dauble bond of as-keto-j3, y- 
unsaturated esters by 1,4-dihydr~p~dine derivatives, 
in presence of Mg2+ ions. 

@-ICeto esters have been fr~uentl~ empluy~ as 

BrcH Lm 0 
1. Ph,P ArCHO 

3 e * ArCH--CH!COOEt 
2. wco; T 

the double bond, It was also considered of practical 
interest to compare the results crf the NAD(P)H model 
reductions with those obtained by the use of other 
reductants. Suitable substrates for the contemplated 
study are represented by esters af type 1 (Scheme 1). 

The nature of the aryl moiety in these compounds 
provides a means of altering the electron density of the 
fl, y-double bond, without the accompaniment afsteric 
effects. The three esters la-e, selected for investigation 
could be e~nveniently prepared by the reaction af yield 
3, itself obtained frum ~~br~m~pyruvate (2), with the 
appropriate aldehyde. The unsaturated esters were 
found to possess the E-configuration (Experimental). 
As NAD(P)H models, the dihydropyridines 4 (PNAH) 
and 5 (Hantzsch ester) were chosen because af their 
differen= in reactivities as reductants. 

substrates in reductions by NAD(P)H mudels.” A study 
of the reduction of ar-keto-8, y-unsaturated, esters 
appeared to be of interest, since it is known that 
reduction of the analogous ~pr~t~nat~~ tx$- 
unsaturated imines can lead QD both c--t and C=N 
saturation in the primary step? Furtherm~re~ it was 
observed that theratioofC=CJC==N reduction varied 
with the basicity of the amine component of the 
substrate. In case of a-keto-/?, y-unsaturated esters two 
quest&s were pertinent. Firstly, which of the two 
reducible groups in the substrate was reduced by 
NAD(P)H models and, secundly, could the site of 
reduction be influenced by electronic perturbation of 

* TO wham at1 correspondence should be addressed. 

The ketu ester la (Scheme 2) bearing the 
unsubstitut~ phenyl ring, showed no reaction with 
either the Hantzsch ester (5a) or PNAH (4) at room 
temp. However, when one equivalent of Mg (ClO& 
was added to a mixture of la and 4 [or 5a), in aceto- 
n&rife, a reaction commend at room temp. The 
reduction reaction could bemonitored by follawing the 
lowering of the vinyl proton signals in the NMR 
spectrum. After about an hour, these signals totally 
disappeared and twu new signals (triplets) were 
observed at 8 2.95 and 6 3.16 ppm. Work up of the 
reaction mixture yielded saturated ester 6 (60-70~& 
after column chromatography, Scheme 2) as the only 
reduction product? If, after campletion of the double 
bond re&ction, a second equivalent of 4 or 5a, plus an 
additional equivalent of Mg (@K& were added, and 
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the mixture heated to refiu~ (~ve~i~t)~ the product of 
the second reduction step was shown to be hydrmy 
ester 7 (Scheme 2). The same product (7) was ubtaine&, 
as expected when substrate ta was refiuxed (overnight) 
with two equivalents of 4 or 5% in presence of Mg2’ 
(2 equiv). In contrast, when keto ester Ia was allowed 
to react with the ~hydr~pyri~nes 4a or Sa (2 
equiv, CH&!N, reflux, overnight), in the absence af 
Mg? the sole reduction product was found to be 
saturated rr-keto ester 6. 

In order tu ascertain the site of transfer of the 
hydrogen (hydride equivalent) frum the dihydro- 
pyridines ta the ester, la was reduced with one and 
two equivafents of 5b, in tw0 separate experiments, 
The products of these reactions were keto ester 8 and 
hydraxy ester 9, respectively. The position of the 
deuterium atom in 8 and 9 was established by PMR 
and/or mass spectrometry. Thus, in 8 the fl-methylene 
protons appeared as a doublet at 6 3.16 (.I = 7 Hz), 
whife the C-H exhibited a triplet centered at 6 2.95, 
The structure of 9 was elucidated by duubIe resonance 
(250 M II@. The nun-deuterated afcohsf 7 shuwed two 
distinct muftiplets fur the ~emethy~enepr~~uns (around 
2.00 ppm) and a complex muXtiplet for the benzyhc 
methyiene protons (6 2.65-2.85 ppm). The absorptions 
of the alcuhal C-H proton and the signals of the ester 
methylene, formed a complex pattern (6 4.1@- 
4.25 ppm), The PMR spectrum af 9 showed less corn- 
plex muXtipfets fur the ft-methytene protuns and a 

double duubfet for the benzylic proton. No alcohol 
C-H proton was detected and a simple quartet was 
observed fur the ester methyIene, Irradiatiun of 
the benzylic proton gee PWU doublets (S WI and 
X.09 ppm, I = 13 Mz, geminaf coupling) far the 
fl-methylene protons, while irradiation, in turn, at the 
centre of each of these protons resulted in doublets for 
the benzylic proton (S 2.72, .I = 6 Hz or .I = 8 Hz). 
The mass spectra of 8 further supported its structure. 
The main fragmentation pattern in the eIectran- 
impact spectrum of ketta esters d and 8 is discussed in 
Scheme 3. 

LIpon in~rpuratiun sf a D atom in the benzybc 
methylene group, rn- of the fragments carrying the 
latter moiety wifl be augmented by one unit, This was 
indeed observed in the mass spectrum of keto e&er II, 

From the foregoing observations it is apparent that 
at room temperature the reducticm of a-kets-fi, ye 
unsaturated esters by ~~~dihydr~py~dine derivatives 
(I equiv, in the presence of Mg2 ‘) proceeds selectively 
to give the correspunding dihydr~pr~u~.~~ At higher 
temperatures (reftuxing CH,CN), the primary redue- 
tion product is further reduced to the hydruxy ester 9. It 8 
is significant that a product arising from an initial 
carbonyl reducticm step could not be detected?’ 

In order to examine if electron-donating or electron- 
withdrawing substituents on the benzene ring could 
influence the selectivity of thr: reduction, the esters lb 
and fc were subjected tu reactions with Hantzsch ester 
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(58,l eq_ Mg2 +, CH,CM), at room temp. fn both cases, 
the products were exdusiveXy the dihydro esters Z&B 
and I%, respectively (Scheme 4). It follows from these 
results that the specifitity of C=C reduction in this 
Class of substrates is not affected by variatiun uf 
eketrmic influence em~atin~ from the aryl graup, 

Xn ticw uf the ~orement~un~ rzsutts, it seem& uf 
interest to examine the reduction of a substrate in which 
the C=c and C=O puups are interchanged between 
the aryl maiety and the ester function. The required 
ester I X was prepared i js as described in Sctreme 5 and 
subjected to red&ion by 5a, in the presence= uf Mg* + 
ions. The formation of I&, as the exclusive r~~~t~un 
produck shawed that the duuble bund was once again 
the site of the reaction, &Au&on of 11 with s and 
analysis of the IabeIfing pattern in 12b (PMR, 
Experimental) revealed that a deuterium atom had 
been transferred to the a-pusitiun of the substrate, It is 
pertinent ta mention that the reduction of the 
~rrespundjn~ acid by Hantzsch ester has been shawn 
by Westheimer et 4. f 2 Er to pro& in a similar fashion, 

The ~hernu~~~~~~ty of nucbuphilic attack on 
conjugated carbony]. ~urn~~ds has been extensively 
studied with a wide range of n~cje~phi~~ and 
sutbstrates, I2 The results have been interpreted in terms 
of the gene&&d perturbation theary ; attack at Ca and 
G, of the enones being regarded as charge or frontier 
orbital cantrolled, respixtively, 1 2* in the reductiun ofcc, 
~-unsaturate kotunes by metal hydrides, selectivity af 
the hydride add&n site has been fuund to be sensitive 
tu structural characteristics of buth the substrate and 
the reductant.’ 3 Theessential requirement ufthe metal 
iun in the present reduction dues not allow a simpte 
rationahzation of the s~~tit~ent e&ct, ft is ubviaus 
that a better understanding of the role of the metal iun, 
that is, uf the transition state ufthe reaction, will have tu 
be achieved before correlations between eIectrunic 

faeturs and sekdivity of the reduction siteean be made. 
The nature of the hydru~en which is transferred in 

djhydrop~d~ne rn~~at~d reductions has been the 
subject of much debate.” 3ruice has remntly 
suggested’ 5 that the furmaf hydrideequivalent transfer 
can display a duality uf mechanism depending upun the 
nature of the substrate. fn the case uf uxidants 
(substrates) with h&h redsx potential, which mn farm 
the putative nj~utina~de radical intermediate, &he 
mwhanism futfsws the sequence e’ -I- H + +e’, while 
with fess powerfut uxidants a direct H - transfer 
constitutes the reaction pathway. Tu examine this 
aspect of the reductiun reaction, tet us consider the 
course of hydrogen transfer to substrate la, according 
tu the two pussibfe mechanisms. A hydride transfer 
mechanism imp&s a direot movement uf H - from the 
CZ(4)positiun ufthe dihydrupyridine, to the y-carbon of 
la. Such a prm is nut expected tu shuw hydrugen 
exchange in prutic solvents. On the other hand, a three 
step (es + fi + +e’) mechanism wutlld, in case of 
reduction by 5t, (Scheme 61, involve: the radical cation 
(a) and substrate&erived intermediates of the type (b), 
(c) and (id). This shuutd have two consequences : (i) as an 
acid (a) uught to display deuterium exchange in protic. 
su!vents” and (ii) assuming kinetic prutunatiun uf the 
oxygen of intermediate (tr), the deuterium lab& shuuld 
end up on the parbun (exchangeable pusitiun) uf the 
reduction pruduct. While the reduction of Ia by 5b, in 
acetonitriie, leads to 8% which is cans&tent with a 
hydride transfer m~han~srn~ it was felt that a direct H- 
transfer had to be demonstrated in prutic solvents. 

To this end, Xa was reduced by 5a and Sb in EtOD 
and EtUH, respectively. The products of buth reactions 
were examined fur their deuterium content and 
labelling pattern. This analysis showed that rductiun 
by 5sr (in EtOD) Xed to the dihydrupruduct 6? whereas, 
when 5b was cmpiuyed (in Et0I-Q the saturated ester 

u- 0 i!CH=CHCUUH 
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was identified as ethyl 2-oxo4phenyl4mono- 
deuterobutyrate (8). These observations are consistent 
with a hydride transfer mechanism for the dihydro- 
pyridine mediated reduction of a-keto-&y-un- 
saturated esters. Recent studies on the pathway of 
hydrogen-transfer, using a cyclopropane-ring as a 
mechanistical probe, also provide support for a 
H ‘--transfer process.’ ’ 

Finally, it should be mentioned that the chemoselec- 
tivity of the reduction of enones by NAD(P)H models 
can be of practical interest. The uniqueness of this 
selectivity was demonstrated by its comparison with 
the fate of la when reduced by other reductants. The 
results are described in Scheme 7. Sodium borohydride 

No M-l4 

PhCH=CHCHIOH)COOEt +L 

PhCH&H,CH IOHlCOOEt 

1 

Scheme 7. 

reduced la to diol 13,18 leaving the double bond intact. 
Sodium cyanoborohydride, on the other hand, yielded 
a 1: I mixture of hydroxy esters 7 and 14. Yet another 
reduction pattern was observed when la was subjected 
to catalytic hydrogenation (Pd/CJ. Initially, the 
reaction led to the formation of a mixture of keto ester 6 
and hydroxy ester 7. However, upon prolonged 
hydrogenation, both the C=C and the C=O 
functionalities were reduced to give 7 as the final 
product. Taking into account the mild conditions 
required for reduction of the double bond of la (by 4 
and 5) and the difference in the rates of reduction of 
C=C and C-0 groups in la and 6, respectively, it can 
be concluded that dihydropyridine reductions should 
find applications in the selective reduction of similar 
multi-functional substrates. 

EXPERIMENTAL 

All m.ps arc uncorrected. IR spectra were recorded on a 
Perkin Elmer 257 Spectrometer; the absorptions are given in 
cm-‘. NMR spectra were recorded on a Varian Associates 
Model XL-lOOf or on a Brucker WM 25Oinstrument, using 

TMS as an internal standard. Unless stated, IR and NMR 
spectra were recorded in CHC& and CDC&, respectively. 
Mass spectra (El, 70 eV, unless mentioned otherwise) were 
obtained with a Varian Mat-71 1 spectrometer (all fragments 
are implicitly designated as cations or as radical cations). 
Accurate mass determinations of the molecular ions were 
carried out by high-resolution peak matching. 

Ethyl triphenylphosp)loranylidenepyntoate (3). The ylid was 
obtain& by the procedure of Le Corre,19 and recrystallized 
from EtOH in85% yield (m.p. 186”). IR 1710(s), 1620(m), 1580 
(s), 1560 (s). PMR 6 1.34 (3H, t, CH, ester), 4.25 (2H, q, CHl 
ester),4.81(1 H,d, J = 23.5 Hz, Ph,P==C&-CO-), 7.35-7.80 
(15H, m, phenyl-H). MS (FDMS, lOmA-2OnA) m/e 376 
(looo/. 

Ethyl 2-oxo-Q_phenyl-3-buten-1-occte (In). The Wittig 
reaction between 3 and benzaldehyde was carried out on a 74 
mmol scale, in 5OOml dry xylene, according to the procedure of 
Le Corre.” After removal of the solvent, the main portion of 
triphenylphosphine oxide was removed by recrystallization 
from EtOAc. This was repeated three times using EtOAc 
added with increasing amounts of hexane (max 1: 1). After 
removal of the solvent, keto ester la was extracted from the 
residue with 5 x 1OOml hexane.This soln was washed withadil 
NaHC03 aq, dried over NazSOd and the solvent removed. 
The unreacted benzaldehyde was removed by Kugelrohr 
(50*/0.01 mm), followed by distillation (140”/0.01 mm) of la 
(6.2 g, 41x, lit. I9 40”/,), yellow needles after recrystallization 
from cold EtOAc (m.p, 25-26”). IR 1739 (s), 1692 (s), 1668 (s), 
1610 (s), 1580 (s). PMR 6 1.41 (3H, t, CH, ester), 4.40 (2H, q, 
CH2 ester), 7.33 (1 H, d, J = 16 Hz, ==CI-_I-CO-), 7.35-7.70 
(SW, m, Ph-H), 7.85 (1 H, d, J = 16 Hz, Ph-CH=). MS m/e; 
204 (M), 176, 165, 155, 132, 131 (loo”l,), 103,77,63, 51. 39; 
accurate mass determination : 204.0799 ; Calc for C, ,H, 203 : 
204.0786. 

Ethyl 2 - 0x0 - (4 - methoxypbnyl) - 3 - buten - 1 - oate (1 b). 6 
Methoxybenzaldehyde (27.23 g, 0.2 mol) and ylid 3 (18.82 g, 
0.05 mol) were refluxed (20 hr) in 300 ml dry xylene, under Nz. 
The work up was similar to that described for la. The 
unreacted aldehyde was removed by Kugelrohr (8O-120”/1- 
0.5 mm), fottowed by distillation (1% 160”/0.5 mm) of the keto 
ester lb(3.65 g, 31%),yeliow needles(m.p. 44-45”). IR 1730(s), 
1690(s), 1660(m), 1595 (s), 1575 (s), 1515 (s). PMR 6 1.41 (3H, 
t, CH, ester), 3.88 f3H, s, CH30-), 4.40 (2H, q, CHz ester), 
6.95 (2H, d, J = 8.5 Hz, meta AI-H), 7.23 (lH, d, J = 16 Hz, 
=CH-CO-), 7.61 (2H, d, J = 8.5 Hz, ortho Ar-H), 7.86 
(lH, d, J = 16Hz., Ar-CH=), MS m/e: 234 (M), 204, 161 
(looo/,), 149, 133, 131, 121, 118, 103, 77, 51; accurate mass 
determination : 234.0878 ; Calc for C, 3H 1 404 : 234.0892. 

Ethyl 2 - 0x0 - (4 - nitroplwnyl) - 3 - buten - 1 - oate (1~). The 
ester was prepared aaording to the procxxlure described by Le 
Cone;‘9 yellow-ochre needles were obtained in 41% yield 
(m-p. 12O-12I”,lit. I9 121-122”,42%).IR 1730(s), 1700(s), 1670 
(m), 1615(s), 1600(s), 1525(s), 135O(s).PMR6 1.41(3H,t,CH, 
ester),4.41 (2H,q, CH, ester), 7.48 (IH, d, J = 16.5 Hz,=CH 
-CO-), 7.81 (2H, d, J = 8.5 Hz, meta Ar-H), 7.91 (lH, d, 
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~~hyl4-oxo4phenybl-butanoate (1Za). The ester was the 
only product in the reduction of 11 (204.2 mg, 1 mmol) by 4 
(166 mg, 1 mmol), in the presence of 1 ml Mg (CIO,), (1 M 
soln in CH,CN), in 20 ml a&or&rile (reflux, 24 hr, under Nz 
atm). The solvent was removed in vuctw, the residue taken up 
in 75 ml CHCI,, washed with 3 x 10 ml Hz0 and dried over 
Na,SO+ After evaporation of the solvent, the residue was 
distilled by Kugelrohr (150”/0_05 mm) to yield 175 mg (85%) of 
y 12a. Reduction of 11 by 214.2 mg (1 mmol) 1-benzyl-1,4- 
dihydronictotinamide yielded in the same way 171 mg (83%) of 
12a.IR: 1732(s,~~..~ester), l@?O(~,v~,~keto), 1600(m,v,,,, 
phenyl), 1585. PMR S 1.27 (3H, t, CH, ester), 2.77 (2H, t, 
C&-COOEt), 3.33 (2H, t, Ph-CO-CI-&), 4.29 (2H, q, 
CH, ester), 7.30-7.65 (3H, m, Ph-H), 7.95-8.05 (2H, m, 
Ph-H). MS m/e: 206 (M, 52%), 178, 161 (M-OEt, 
87x), I33 (M-COOEt, 11x), 131 (15x), 106 (31x), 105 
(Ph-CO, la)“/,), 77 (looo/,), 50 (42%); accurate mass de- 
termination : 206.0958; Calc for Ci tH I,03 : 206.0943. 

The reduction of ~-be~zoyt~cry~e (11) by Hantzsch ester 
(Sa, b). The red UC t ion was carried out under exactly the same 
conditions as for the preceding reduction, using 253.3 mg 
(1 mmol) Hantzsch ester (!k/!Sb), instead of 4, as reducing 
agent. The working-up procedure was also identical and a 
mixture (421 mg) of 12a/l2b and oxidized Hantzsch ester 
were obtained (PMR ratio 15 ;17), representing a 96% 
yield of 12a/12b. Compound t2b was identified by the salient 
PMR signals at 6 2.77 (lH, t (br), -C~D-COOEt) and 3.33 
(2H, d, Ph-CX3+&). 
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