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Biotransformations of various functionalized racemic nitriles catalyzdgHmndococcus erythropol&sl270,

a nitrile hydratase/amidase-containing microbial whole-cell catalyst, were studied. While the nitrile
hydratase exhibits high catalytic efficiency but very low enantioselectivity against almost all nitrile
substrates examined, the amidase is very sensitive toward the structure of the amides. The release of the
steric crowdedness around the stereocenter of the substrates and the introduction of an unsaturated carbon
carbon bond into the substrates led to the significant acceleration of the reaction rate and the dramatic
enhancement of the enantioselectivity. Nitrile biotransformations provide a unique and high-yielding
synthetic route to highly enantiopure carboxylic acids and amides functionalized with an allyl, propargyl,
allenyl, or vinyl group. The synthetic applications have been demonstrated by the synthesis of enantiopure
heterocyclic compounds including iodoenelactone,y-lactam, and 3-allyl-1-phenyl-3,4-dihydrd41
quinolin-2-one derivatives.

asymmetric chemical and enzymatic methods for the synthesis
of chiral carboxylic acids and their derivativé$One of the
distinct features of enzymatic transformations of nitriles is the
straightforward generation of enantiopure amides, valuable
organo-nitrogen compounds in synthetic chemistry, in addition

Introduction

Biotransformations of nitriles, either through a direct conver-
sion from a nitrile to a carboxylic acid catalyzed by a nitrilase
or through the nitrile hydratase-catalyzed hydration of a nitrile
followed by the amide hydrolysis catalyzed by the amidase, have
become th?f effective and.env[ronmentally ben_'Qn me.thOdS for (2) Nagasawa, T.; Schimizu, H.; Yamada Appl. Microbiol. Biotechnol.
the production of carboxylic acids and their amide derivatives. 1993 40, 189. _ _

One well-known example is the industrial production of (g_) For reviews, see: é"’_‘) i“gﬁ'@,g; gi‘mlizl%k" Tdi Y‘]Zkoyama’ t'\rq'-? Ohta,
. . . . . . . BloscCl., biotechnol., Bloche! ) , ana reterences therein.

acrylamide f'fom blogqtalytlc hydr.atl'on of apr_ylomtrﬁé)wmg (b) Martinkova, L.; Kren, VBiocatal. Biotransform2002, 20, 73. (c) Wang,

to the enantioselectivity of the nitrilase, nitrile hydratase, and M.-X. Top. Catal.2005 35, 117.

amidase, biotransformations of nitriles complement the existing  (4) For recent examples, see (a) DeSantis, G.; Zhu, Z.; Greenberg, W.
A.; Wong, K.; Chaplin, J.; Hanson, S. R.; Farwell, B.; Nicholson, L. W.;
Rand, C. L.; Weiner, D. P.; Robertson, D. E.; Burk, MJJAm. Chem.

* To whom correspondence should be addressed. FeB6-10-62565610.
Fax: +86-10-62564723.

(1) (a) Faber, K.Biotransformations in Organic Chemistrgrd ed.;
Springer-Verlag, 1997; pp 136145. (b) Kobayashi, M.; Shimizu, EEMS
Microbiol. Lett. 1994 120, 217 and references therein. (c) Meth-Cohn, O.;
Wang, M.-X.J. Chem. Soc., Perkin Trans.1B97 1099. (d) Meth-Cohn,
0.; Wang, M.-X.J. Chem. Soc., Perkin Trans1997, 3197 and references
therein.
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Soc. 2002 124, 9024. (b) Effenberger, F.; Osswald, $etrahedron:
Asymmetry2001, 12, 279. (c) Hann, E. C.; Sigmund, A. E.; Fager, S. K.;
Cooling, F. B.; Gavagan, J. E.; Ben-Bassat, A.; Chauhan, S.; Payne, M. S;
Hennessey, S. M.; DiCosimo, Rdv. Synth. Catal.2003 345, 775. (d)
Preiml, M.; Hillmayer, K.; Klempier, NTetrahedron Lett2003 44, 5057.
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TABLE 1. Enantioselective Biotransformations of Racemia.-Substituted

CN Rhodococcus erythropolis AJ270
m phosphate buffer, pH 7.0, 30°C

JOC Article

2-Phenylpropanenitriles 1a-e?

“CONH, CO,H
+
oy OY

(+-)-1a-e (+) or (-)-2a-e (+) or (-)-3a-e
time yield ee yield ee
entry 1 R (h) 2 (%)2 (%)° 3 (%)2 (%)° E°

1 1d H>C=CHCH, 55 R-(—)-2a 49 95.4 (9-(+)-3a 47 >99.5 >200
2 1b HC=CCH, 14.5 R®)-(—)-2b 48 >99.5 ©-(—)-3b 50 94.5 >200
3 lc H,C=C=CH 25 ©-(+)-2c 42 98.5 R)-(+)-3c 54 82.3 52
4 1c H,C=C=CH 4 (9-(+)-2¢ 48 >99.5 ®)-(+)-3c 46 92.5 144
5 1d H.C=CH 0.58 ©-(+)-2d 48 90.0 R)-(—)-3d 51 83.F 32
6 1d H.C=CH 1 (9-(+)-2d 50 87.0 R)-(—)-3d 46 90.9 60
7 le CH3CH.CH; 96 R)-(—)-2e 47 66.5 (9-(+)-3e 47 52.8 6.3

a|solated yield.? Determined by chiral HPLC analysisEnantiomeric ratioE) was calculated according to ref 192Nitrile (2 mmol) was incubated with

R. erythropolisAJ270 cells (2 g wet weight) in phosphate buffer (50 mL,

pH 7.0) aB0Reaction time was optimized to the completion of nitrile

conversion and roughly 50% conversion of the amfd@etermined by chiral GC analysisBiotransformation was carried out at 2G.

to the formation of enantiopure carboxylic acids. For example,
we3¢ have shown tha®hodococcus erythropolsJ2702 a nitrile

transformations still remains challenging. To explore the
potential of nitrile biotransformations in the synthesis of

hydratase/amidase-containing whole-cell catalyst, is able toenantiopure functionalized carboxylic acids and their amide

efficiently and enantioselectively transform different racemic
nitriles including ones bearing am-stereocentéror a 3-ste-
reocenter, cyclopropanecarbonitrilés,oxiranecarbonitrile§,
aziridinecarbonitriled? and the prochiral dinitriléd into the
corresponding carboxylic acids and amides.

Although a number of enantioselective nitrile biotransfor-

derivatives, and also to examine the factors governing the
efficiency and enantioselectivity of the biocatalysis, we under-
took a systematic study of thHe. erythropolisAJ270 catalyzed
hydrolysis of nitrile substrates containing either a saturated or
an unsaturated aliphatic group. We have discovered that the
release of the steric crowdedness around the stereocenter greatly

mations have been reported, the structures of nitrile substrategmproved the reaction velocity. More significantly, the introduc-

are rather simple and limite@* Biotransformations of nitriles
which contain additional functional group(s) have been largely
unexplored. Except for the prediction mo#eP proposed for

tion of an unsaturated moiety such as an alkene, alkyne, and
allene into the substrates led to a dramatic enhancement of the
efficiency and enantioselectivity of the amidase-catalyzed

the biotransformations of nitriles bearing a three-membered ring reaction. Herein we report the highly efficient nitrile biotrans-
such as cyclopropane, oxirane, and aziridine, the understandingformations for the preparation of enantiopure functionalized

of the efficiency and enantioselectivity of biocatalytic nitrile

(5) (@) Blakey, A. J.; Colby, J.; Williams, E.; O'Reilly, CFEMS
Microbiol. Lett. 1995 129, 57. (b) Colby, J.; Snell, D.; Black, G. W.
Monatsh. Chen200Q 131, 655. (c) O'Mahony, R.; Doran, J.; Coffey, L.;
Cahill, O. J.; Black, G. W.; O’'Reilly, CAntonievan LeeuwenhoeR005
87, 221.

(6) (@) Wang, M.-X.; Lu, G.; Ji, G.-J.; Huang, Z.-T.; Meth-Cohn, O.;
Colby, J.Tetrahedron: Asymmetr200Q 11, 1123. (b) Wang, M.-X.; Li,
J.-J., Ji, G.-J.; Li, J.-SJ. Mol. Cat. B: Enzym2001, 14, 77. (c) Wang,
M.-X.; Zhao, S.-M.Tetrahedron Lett2002 43, 6617. (d) Wang, M.-X.;
Zhao, S.-M.Tetrahedron: Asymmetr002 13, 1695. (e) Wang, M.-X.;
Lin, S.-J.J. Org. Chem2002 67, 6542. (f) Wang, M.-X.; Lin, S.-J.; Liu,
J.; Zheng, Q.-YAdv. Synth. Catal2004 346, 439. (g) Wang, M.-X.; Liu,
J.; Wang, D.-X.; Zheng, Q.-YTetrahedron: Asymmetrg005 16, 2409.
(h) Ma, D.-Y.; Wang, D.-X.; Zheng, Q.-Y., Wang, M.-XTetrahedron;
Asymmetn2006 17, 2366.

(7) (a) Wang, M.-X.; Wu, YOrg. Biomol. Chem2003 1, 535. (b) Zhao,
S.-M.; Wang, M.-X.Chin. J. Chem2002 20, 1291. (c) Ma, D.-Y.; Zheng,
Q.-Y.; Wang, D.-X.; Wang, M.-XOrg. Lett.2006 8, 3231. (d) Gao, M.;
Wang, D.-X.; Zheng, Q.-Y.; Wang, M.-X]. Org. Chem200§ 71, 9532.

(8) (@) Wang, M.-X.; Feng, G.-Qletrahedron Lett200Q 41, 6501. (b)
Wang, M.-X.; Feng, G.-QNew J. Chem2002 1575. (c) Wang, M.-X.;
Feng, G.-QJ. Org. Chem2003 68, 621. (d) Wang, M.-X.; Feng, G. Q.
Mol. Catal. B: Enzym2002 18, 267. (e) Wang, M.-X.; Feng, G.-Q.; Zheng,
Q.-Y. Adv. Synth. Catal2003 345, 695. (f) Wang, M.-X.; Feng, G.-Q.;
Zheng, Q.-Y.Tetrahedron: Asymmetr2004 15, 347. (g) Feng, G.-Q.;
Wang, D.-X.; Zheng, Q.-Y.; Wang, M.-XTetrahedron; Asymmetr3006
17, 2775.

(9) (8 Wang, M.-X.; Lin, S.-J.; Liu, C.-S.; Zheng, Q.-Y.; Li, J.-&.
Org. Chem.2003 68, 4570. (b) Wang, M.-X.; Deng, G.; Wang, D.-X.,
Zheng, Q.-Y.J. Org. Chem2005 70, 2439.

(10) Wang, J.-Y.; Wang, D.-X.; Zheng, Q.-Y.; Huang, Z.-T.; Wang, M.-
X. J. Org. Chem2007, 72, 2040.

(11) (a) Wang, M.-X; Liu, C.-S; Li, J.-S.; Meth-Cohn, Detrahedron
Lett. 200Q 41, 8549. (b) Wang, M.-X.; Liu, C.-S.; Li, J.-STetrahedron:
Asymmety 2001 12, 3367.

carboxylic acids and amides and the implication for a binding
domain of the amidase for an unsaturated cartarbon bond

of the substrate. Applications of the biotransformation products
in the synthesis of chiral heterocyclic compounds will also be
discussed.

Results and Discussion

Very recently, wéd found that the biotransformations of
3-phenylpent-4-enenitrile, the substrate that contaiisste-
reocenter, proceeded much more efficiently and enantioselec-
tively than that of 3-phenylpentanenitrile. Intrigued by the vinyl
effect on the acceleration of reaction rate and the enhancement
of enantioselectivity, we began our investigation of the biotrans-
formations of 2-benzylpent-4-enenitril&. To understand and
to compare the effect of other unsaturated functional groups on
the biocatalytic efficiency and enantiocontrol, racemisub-
stituted 2-phenylpropanenitrilékb—e bearing, respectively, a
propargyl, allenyl, vinyl, and propyl group were prepared and
subjected to biotransformations. We were surprised to observe
a remarkable beneficial effect of an unsaturated group on the
biotransformations of nitriles (Table 1). For example, catalyzed
by the R. erythropolisAJ270 whole cells under very mild
conditions, 2-benzylpent-4-enenitril& underwent very rapid
and highly enantioselective hydrolysis. Afteh ofincubation,
almost quantitative yields d®-(—)-2-benzylpent-4-enamidza
and ©-(+)-2-benzylpent-4-enoic acida were obtained with
enantiomeric excess values of 95.4% arib.5%, respectively
(entry 1, Table 1). When the allyl group && was replaced by
a propargyl group, biotransformations i took slightly longer
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TABLE 2. Enantioselective Biotransformations of Racemia-Substituted Phenylacetonitriles 4a-c2
Rhodococcus erythropolis AJ270
CN WCONHz + CO,H
phosphate buffer, pH 7.0, 30°C
R R R
(+1-)-4a-c (+) or (-)-5a¢ (+)-8a-c
yield ee yield ee

entry 4 R time 5 (%) (%)° 6 (%)P (%)° Ed

1 4a H,C=CHCH, 75h ®-(-)-5a 48 >99.5 ©-(+)-6a 49 95.5 >200

2 4b HC=CCH;, 6 days R)-(-)-5b 49 98.6 6-(+)-6b 51 94.8 >200

3 4c CH3CH,CH, 7 days 5¢c trace - (9-(+)-6¢ 2 >09.5 -

aNitrile (2 mmol) was incubated witR. erythropolisAJ270 cells (2 g wet weight) in phosphate buffer (50 mL, pH 7.0) at@OReaction time was
optimized to the completion of nitrile conversion and roughly 50% conversion of the abiiated yield < Determined by chiral HPLC analysis.
d Enantiomeric ratio ) was calculated according to ref 120ptically inactive nitrile4c (83%, ee 0%) was recovered.

TABLE 3. Enantioselective Biotransformations of Racemic Nitriles Bearing a Quaternary Stereocenter 7ab

e
CN Rhodococcus erythropolis AJ270
R phosphate buffer, pH 7.0, 30°C

¥ SCONH, MecoH
+
R R

(+-)-Ta,b (+)or(-)-8a,b (+)or (-)-9a,b
time yield ee yield ee

entry 7 n R (h) 8 (%)° (%)° 9 (%)° (%)¢ Ed

1 7a 1 H,C=CHCH, 168 (—)-8d 36 26.1 @)-94 33 >99.5 -
2 7a 1 H,C=CHCH, 549 (—)-8a 48 94.6 )-9a 49 93.2 98
3 7b 0 H,C=CH 168 ®)-(+)-8b 81 15.7 8-(—)-9b 15 >99.5 -
4 7b 0 H,C=CH 168 (R)-(+)-8b 69 34.8 8-(—)-9b 30 >99.5 -
5 7b 0 H,C=CH 148 (R)-(+)-8b 51 94.0 6-(—)-9b 48 >99.5 >200

aNitrile (2 mmol) was incubated witR. erythropolisAJ270 cells (2 g wet weight) in phosphate buffer (50 mL, pH 7.0) at@0OReaction time was
optimized to the completion of nitrile conversion and roughly 50% conversion of the abistgated yield.° Determined by chiral HPLC analysis.
d Enantiomeric ratio ) was calculated according to ref 120ptically active nitrile §)-(+)-7a (27%, ee 84.1%) was recoverédbsolute configuration
was not determined.Nitrile (0.5 mmol) was used! Nitrile (1 mmol) was used.

time (14.5 h) to afford highly enantiopure amidg){(—)-2b
and acid §-(—)-3b in excellent yields (entry 2, Table 1). More
efficient biotransformations were observed for the allenyl and
vinyl substituted substrates. The conversion of nitfieinto
almost quantitative yields of highly enantiopu&-(+)-2cand
(R)-(+)-3c finished n 4 h even at lower temperature (20)
(entries 3-4, Table 1), whereasf-(+)-2d and R)-(—)-3d were
obtained in excellent chemical yields with high enantiomeric
purity from the interaction of racemic nitrited with microbial
cells within 1 h (entry 5, Table 1). In sharp contrast to the
functionalized nitrile substratesa—d, however, biotransfor-
mations of 2-benzylpentanenitrie took 4 days to yield the
corresponding amiderj-(—)-2e and acid §-(+)-3ewith only
moderate enantioselectivity (entry 7, Table 1).

To further examine the generality of the interesting unsatur-
ated group effect, we studied the biotransformationa-stib-
stituted phenylacetonitrile$, the analogues df. As tabulated
in Table 2, biotransformations of-allylated phenylacetonitrile
4a proceeded faster than that @fpropargylated analoguéb,
and both reactions produced highly enantiopt®egmide and
(9-acid products in almost quantitative yields (entries 1 and 2,
Table 2). The microbial hydrolysis afc, however, appeared

extremely sluggish, giving, after 7 days, a trace amount of amide

and acid §)-6¢ (2%) (entry 3, Table 2) along with the recovery
of starting nitrile4cin 83% yield (entry 3, Table 2). The results

2-phenylpropanenitrile homologuégTable 1). This indicated
convincingly that the insertion of a methylene between phenyl
and theo-stereocenter led to a tremendous increase of conver-
sion rate. In other words, the release of steric crowdedness
around theo-stereocenter resulted in the enhancement of the
efficiency of biocatalytic hydrolysis. The steric effect on the
biotransformations of nitriles was then further demonstrated by
the reaction of nitriles bearing a fully substitutecstereocenter.
As exemplified by the reaction of racemic 2-benzyl-2-methyl-
pent-4-enenitrilé/a, the analogue ofa, only by using a dilute
concentration of the substrate did biotransformations go to
completion in a lengthy period of time (54 h) to afford products
(—)-8aand (+)-9ain high yields with excellent enantiocontrol
(entries 1 and 2, Table 3). Further increase of the crowdedness
of the fully substitutedx-stereocenter of the substrate7afby
knocking off two methylenesone is in between phenyl and
the chiral center and the other is in between vinyl and the chiral
center—only under conditions of dilute substrate concentration
(0.5 mmol) and of a very long interaction time (148 h) effected
the biotransformations o¥b with the formation of highly
enantiopure products}-(+)-8b and §)-(—)-9b in very good
yields (entries 3-5, Table 3).

SinceR. erythropolisAJ270 is a nitrile hydratase/amidase-
containing microbial straif,the kinetic resolutions of nitrile
and amide catalyzed, respectively, by the nitrile hydratase and

demonstrated again the favorable effect of an unsaturated moietyamidase were then conducted in order to clarify the roles that
in the substrate on reaction efficiency. It should be noted that the nitrile hydratase and the amidase played in the nitrile

biotransformations of alle-substituted phenylacetonitrile$
(Table 2) proceeded much slower than thatos$ubstituted

6062 J. Org. Chem.Vol. 72, No. 16, 2007

biotransformations aforementioned. As indicated by the results
in Table 4, the nitrile hydratase-catalyzed hydration reaction
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TABLE 4. Enantioselective Biotransformations of Racemic Nitriles 1 and 4 and Amide 2

WEWG Rhodococcus erythropolis AJ270 WCN WCONHZ WCOgH
+ * +
R phosphate buffer, pH 7.0, 30°C R R R

(+/-)-1,2,4 (+) or (-)-1,4 (+) or (-)-2,5 (+) or (-)-3
nitrile amide acid
(vield %) (yield %) (yield %)
entry subs n R EWG time (ee %Y (ee %Y (ee %y Ed
1 la 1 H,C=CHCH, CN 1 min R)-1a (9-2a n.o¢ 1.3
(42) (54)
(18.3) 6.3y
2 1b 1 HC=CCH, CN 1 min ®-1b (9-2b n.o. 14
(41) (55)
(24.4) (7.5)
3 1c 1 H,C=C=CH CN 1 mir? (9-1c (R-2c n.o. 25
(50) (44)
(13.0) (37.4)
4 le 1 CH;CH,CH, CN 10 min R)-1le (9-2e n.o. 1.6
(46) (45)
(18.9) (14.7f
5 4a 0 H,C=CHCH, CN 5 min R)-4a (9-5a n.o. 1.2
(51) (44)
(4.5) (6.2)
6 4b 0 HC=CCH, CN 5 min 4b (9-5b n.o. -
(42) (56)
©) (6.4)
7 2a 1 H,C=CHCH, CONH, 5.3h - (R)-2a (9-3a >200
(44) (50)
(>99.5§ (95.7)
8 2b 1 HC=CCH, CONH;, 14 h - (R)-2b (9-3b >200
(46) (50)
(> 99.5) (94.9)
9 2e 1 CHs;CH,CH; CONH;, 81h - (R)-2e (9-3e 43
(47) (49
(46.1f (46.5§

a Substrate (2 mmol) was incubated with a suspensioR.agrythropolisAJ270 cells (2 g wet weight) in phosphate buffer (50 mL, pH 7.0) atG0
b|solated yield.c Determined by chiral HPLC analysi$Enantiomeric ratioE) was calculated according to ref 12Product was not observetDetermined
by chiral GC analysis? The reaction was carried out at 2G.

proceeded extremely fast, and 88% conversion of nitrile was  These properties of the nitrile hydratase, such as having a broad
completed during £10 min irrespective of the structures substrate spectrum and possessing low or none enantioselec-
(entries -6, Table 4). No appreciable effect of either the tivity, are determined intrinsically by its enzyme structure in
unsaturated functionality or the steric crowdedness was observedvhich there is a spacious pocket near the active'iExcept

on the activity and enantioselectivity of the nitrile hydratase. for nitrile 7a(entry 1, Table 3), electronic and steric differences
In contrast, the efficiency of the kinetic resolution of amide among all nitrilesla—e, 4a—c, and7b were not recognized or
was drastically influenced by the structure of the substrate. differentiated by the nitrile hydratase, and almost identical

Racemic amides having an allyRq) or a propargyl 2b) biocatalytic hydration reactions therefore resulted (entrie§,1
substituent, for example, led to the rapid hydrolysis (entries 7 Table 4).
and 8). For propyl-substitued 2-phenylpropananideon the The high sensitivity of the amidase toward the structure of

contrary, more than 3 days was required to yield effective kinetic amides is intriguing. To interpret the biocatalysis of various
resolution (entry 9, Table 4). Most noticeably, all enzymatic racemic amides, especially the amides bearing a three-membered
nitrile hydration reactions gave products with very low enan- ring, amidase of a deep buried and highly steric demanding
tiomeric excess values regardless of whether the substtates active site has been propostd? This hypothetic amidase
and4 contained an unsaturated or a saturated substituent (entriesnodel can best explain its different enzymatic efficiencies
1-6, Table 4). However, a huge difference in enantiocontrol toward different amide<, 5, and 8. The larger the steric
was evidenced in the amidase-catalyzed hydrolysis betweenhindrance, the slower the amide hydrolysis. With the increase
amides substituted by an unsaturated and a saturated groupf the steric crowdedness around thstereocenter in the order
(entries 7-9). This has been clearly exemplified by the kinetic of 2, 5, and8, the amidase-catalyzed hydrolysis proceeded in a
resolution of allyl- @a) and propargyl-Zb) substituted amides  decreasing order (Tables 2 and 3). However, the rationalization
which gave excellent enantioselectivity with an enantiomeric for the remarkably different catalytic efficiencies and enanti-
ratio (E)'? of >200 (entries 7 and 8, Table 4), whereas the
reaction of pro_pyI'SUb_Stitued 2-phenylpropanamitéeled to (12) (a) Chen, C.-S.; Fujimoto, Y.; Girdaukas, G.; Sih, A.Am. Chem.
very low enantioselectivity = 4.3) (entry 9, Table 4). S0c.1982 104, 7294. (b) Program “Selectivity” by Faber, K.; Hoenig, H.
.The outcomes of highly effigient nitrile hydration reactions httpi/:/)’WWWﬁiS;Uszlazjé}%?;gg/-_ Cumminas. J.- Nelson. M- Schneider. G.
with very '0"‘.’ enantloselecthlty_ from Current. study are in Lin(dq\zig:l,)Y.uStrgétufei‘QQZ75,.7691. (b) lgla7ga.s7hima, S I\.l'akasako, M h
agreement with almost all previous observations that nitrile ponmae, N.: Tsujimura, M.; Takio, K.; Odaka, M.; Yohda, M.; Kamiya,
hydratases are a type of highly active and less selective enzymeN.; Endo, I.Nat. Struct. Biol.1998 5, 347.
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oselectivities of the amidase displayed for unsaturated andSCHEME 1. Synthesis of Enantiopurey-Lactone from
saturated nitrile substrates remains challenging at this stagelodolactonization of Amide (R)-(—)-2b

because of the lack of a molecular structure of the amidase. Ip Ph
Since the allyl, propargyl, and allenyl are not considerably CH3CN/H,0 (60/1) }
different from propyl in terms of the van der Waals voluiie, (RH-2b L€ » .\?F\A\
the great difference in reaction velocity and enantioselectivity e>99.5% 53% o” ©
between unsaturated three-carbon substituents and propyl is most ' (31555)9-(;/-10

likely due to the electronic effect. The more efficient reaction

of the allyl (49 &) substituted substrate than the propargyl (47.8 gchemE 2. Synthesis of Enantiopurey-Lactams
A3) substituted one (entries 1 and 2 in Table 2, and entries 7

and 8 in Table 4) also suggested the electronic effect. If the (Sp(+)-3b NoHCos Ay n\/[_P/hi
steric effect played an important role, the propargyl substituted _—

substrates would exceed allyl substituted analogues because the ee 94.9% 83% = o
propargyl group (47.8 A is slightly smaller than the allyl group p-anisidine (3R.5E)-(+)-11
(49 A3).14 The enhancement of enantioselectivity was also QO%lDCC/HOBt/CHZCIZ ee 77.3%
observed previously in the biotransformations of 3-arylpent-4- p-iodoanisole

enecarboxamidé$ and a-allyl-a-methylmalononitrile’¢ the Pd(PPhs3)s (5%)

substrates that contain a vinyl substituent. The preferential and /\/ﬁ\ -PMP ﬁu”EtSNITHF/\j\ .PMP
highly enantioselective hydrolysis of unsaturated amide sub- PN —°> PRt N
strates over the saturated one strongly implies that the amidase \\\ 9% \
involved in R. erythropolisAJ270 may have another domain 12 43 PMP
fo_r hydrophobic interaction. This blndlng d(_)maln, Wh_lch is PIFA o nOe nOe

slightly away from the site where the amide is susceptible for CF4CH,OH ﬁS\H ph (\H Ph
hydrolysis, seems capable of discriminating the substituents of 0°c o H.. Lo Hd
electronic difference, such as between saturated and unsaturated N O ﬁ N~ O
three-carbon segments. As a consequence, in addition to the PMP  pyp PMP  pyp
interaction between the active site of the amidase and the amido (3S,5R)-(+)-14 (58%) (3S,55)-(-)-15 (34%)

and/or aryl moieties of the substrate, the selective binding of

an unsaturated carberearbon bond with the specific binding  4f gjutathioneS transferase and serine proteases, respectively.
domain of th_e enzyme may contr!bu_te greatly to the accelerano_n Interestingly, no effect of chirality of the compounds on the
of the reaction and to the drastic improvement of the enanti- pinchemical property was investigated. Treatment of enantiopure
oselectivity. _ o 2-benzylpent-4-ynamideRj-(—)-2b with iodine in a mixture
The last but not least issue that needs addressing is thegf 5cetonitrile and water (60:1) at @ afforded (%5E)-3-
enantioselection of both the nitrile hydratase and amidase againsbenzyl-5-(iodomethylene)dihydrofuran-]!{)sonelo as the sole
their substrates. As summarized in Table 4, regardless of theproduct in 53% (Scheme 1). It should be pointed out that no
R- andS-designations, the amide products preferentially formed j5qglactonization of 2-benzylpent-4-ynoic acB{(—)-3b took
from the nitrile hydratase-catalyzed kinetic resolution of nitriles place under the identical conditions. Following an extensively
(entries 1-6, Table 4) had the same stereochemistry as the acid | ;seqd methott by employingN-iodosuccinimide (NIS), iodola-
products derived from the kinetic resolution of amides catalyzed ionization of acid 9-(—)-3b (ee 94.9%) did give the desired
by the amidase (entries-®, Table 4). This shows that it is the product1l. However, partial racemization of the product
sequential actions of the less enantioselective nitrile hydratase(ee 77.3%) occurred inevitably because of the basic reaction

and the highly enantioselective amidase involvedireryth-  ¢ongition (Scheme 2). For the preparation of optically active
ropolis AJ270 that account for the excellent enantioselectivity y-lactams, the fundamental skeleton for pyrrolidine alkaloids,
of the overall nitrile biotransformations (Tables-3). acid (-(—)-3b was first converted into the amid&3 via

As multifunctional molecules, highly enantiopure carboxylic  jntermediate12 followed by the Sonogashira cross-coupling
acids and amides obtained from the current nitrile biotransfor- yeactiont? Using the method developed recently by Telitu and
mation study are useful chiral intermediates. On the basis of pomonguez and their co-workefsamide compound3 was
chgmicql man.ipulations., the synthe§is of vgrious chemic_al transformed into (8,5R)-3-benzyl-5-(4-methoxybenzoyl)-1-(4-
entities is feasible. Our interest in optically active heterocyclic methoxyphenyl)pyrrolidin-2-on4 (58%) and ($,59-3-benzyl-
compounds of _synthetig an_d biological significance has_ led us 5.(4-methoxybenzoyl)-1-(4-methoxyphenyl)pyrrolidin-2-dre
to explore their potential in the preparation of enantiopure (34%) when treated with a hypervalent iodine reagent phe-
lactones and lactams. 3-Alkyl-5-halomethylentactones and  nyliodine(lll)bistrifluoroacetate (PIFA) in trifluoroethanol. The
3-alkyl-5-alkynylmethylene~lactones are known as haloenol  re|ative stereochemistry of the produttsand15was assigned
lactones and ynenol lactones, respectively. The haloenol lactonesyy means of nuclear Overhauser effect (Scheme 2).

are the precursors to ynenol lactones through the coupling ~Racemic 3-alkyl-1-aryl-3,4-dihydroH-quinolin-2-one de-
reaction with alkynes. The biochemical studies have shown that jyatives have been discovered very recently as potent and

haloenol lactoné8 and ynenol lactoné%are potent inactivators

(16) (a) Tam, T. F.; Spencer, R. W.; Thomas, E. M.; Copp, L. J.; Krantz,
(14) The van der Waals volumes of propyl, allyl, propargyl, and allenyl A. J. Am. Chem. Sod.984 106, 6849. (b) Spencer, R. W.; Tam, T. F,;
were estimated as 52.9, 49, 47.8, 45, Aespectively, according to a Thomas, E.; Robinson, V. J.; Krantz, 8. Am. Chem. Sod 986 108

documented method. Kuz'min, V. S.; Katser, SR&iss. Chem. Bulll992 55809.

41, 720. (17) Doucet, H.; Hierso, J.-Angew. Chem., Int. EQ007, 46, 834.
(15) Wu, Z.; Minhas, G. S.; Wen, D.; Jiang, H.; Chen, K.; Zimniak, P.; (18) Serna, S.; Tellitu, I.; Dominguez, E.; Moreno, |.; SanMartinORy.

Zheng, JJ. Med. Chem2004 47, 3282. Lett. 2005 7, 3073 and references cited therein.
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SCHEME 3. Synthesis of Enantiopure domain of the amidase for the unsaturated cartmarbon bond
Dihydroquinolin-2-one of the amide substrate. It is most likely that the binding to the
CN ) unsaturated carbercarbon bond functionality further strength-
Rhodococcus erythropolis AJ270 ens the interaction or the recognition of the amidase with the
Br |  Phosphate buffer, pH 7.0, 30°C amide substrate, leading to the significant acceleration of the
(+1)-16 37.5hrs reaction rate and the dramatic enhancement of the enantiose-
COOH CONH, lectivity. Nitrile biotransformations provide a unique and high-
. H yielding synthetic route to highly enantiopure carboxylic acids
Br | Br W a.nd amides functionalizgd With. an.aIIyI, propargyll, allgnyl, or
Sn1A7 18 vinyl group. The synthetic applications of the nitrile biotrans-
(49_5(%),',&’2;99_5%) (4845);259.5%) formations have been demonstrated by the conversion of the
functionalized acid and amide products into the enantiopure
gdsg?\iwéecrig o P heterocyclic compounds including iodoenelactone,y-lactam,
1; e rSezf 593 ©\/I\/ an_d 3-a||y|-1-phenyl-3,4-_dihydro#—l—quino_lin-z-one derivatives
T> N O using convenient chemical transformations.
o Ph

(R)-(+)-19 (e€>99.5%) _ )
Experimental Section

selective norepinephrine reuptake inhibitors by Liffywe

e.”‘"s'oned tha.lt Chemoenzym_atlc Syn.th68|s involving nitrile Amides. To an Erlenmeyer flask (150 mL) with a screw cap were
plotrarisformatlons would pi0V|d§ a unique approf’:\ch to enan- addedRhodococcusp. AJ270 celfs(2 g wet weight), which were
tiomerically pure 3-funcationalized 1-aryl-3,4-dihydrétl prepared in bulk frm a 5 Lfermentor using acetamide as both the
qu|n0||n-2-0nes, and therefore it would allow the deVeIOpment carbon and nitrogen source and stored-&0 °C in a freezeﬁ-,c
of chiral drugs for depression and attention-deficit/hyperactivity and potassium phosphate buffer (0.1 M, pH 7.0, 50 mL), and the
disorder. Starting with the biotransformations of racemic 2-(2- resting cells were activated at 3G for 0.5 h with orbital shaking.
bromobenzyl)pent-4-enenitrile-)-16 using theR. erythropolis Racemic nitriles or amide (2 mmol) were added in one portion to
AJ270 whole cell catalyst,R)-2-(2-bromobenzyl)pent-4-ena-  the flask, and the mixture was incubated at’80using an orbital
mide 18 was obtained in an almost quantitative yield with ee Shaker (200 rpm). The reaction, monitored by TLC and HPLC, was
of >99.5%. Catalyzed by the CiN/N-dimethylglycine cata- ~ duenched after a specified period of time (see Tabled)lby
lyst2 intra- and intermoleculaN-arylation reactions ofR)- removing the b'|omass thro_ugh a Celite pad f||tr_at|on. The resulting

. . . agueous solution was adjusted to pH 12 with aqueous NaOH
(—)-18in th_e presence of |o_dobenzene vv_ere_conducted IN a oN€-g4)ution (2 N) and extracted with ethyl ether 350 mL). After
pot operation to yield, without racemizationR){3-allyl-1- drying (MgSQ) and after the solvent was removed under vacuum,
phenyl-3,4-dihydro-#-quinolin-2-onel9in 91% yield (Scheme  the residue was subjected to a silica gel column using a mixture of
3). Itis noteworthy that the enantiomer &)((+)-19 might be petroleum ether and ethyl acetate as the mobile phase to give pure
easily available when the other nitrile biotransformation product, amide product and, in some case, the recovered nitrile. The aqueous
namely, §-2-(2-bromobenzyl)pent-4-enoic aci8){(+)-17 is phase was then adjusted to pH 2 with hydrochloric acid (2 N) and
used. The allyl substituent in the product would serve as a key extracted with ethyl ether (3% 50 mL). The organic phase was

functional group for further chemical elaborations. combined. After drying (MgSg) and after the solvent was removed
under vacuum, the residue was chromatographed on a silica gel

column using a mixture of petroleum ether and ethyl acetate as an
eluant to give pure acid product. The structures of all products were

In summary, we have shown the remarkable steric and fully characterized by spectroscopic data and microanalyses. The
electronic effects in nitrile biotransformations catalyzed by the gﬁg'&'&iiﬁ%ntfggeua?]ig?jrgi:éné‘;f andrﬁﬁ',? Eﬁﬂiﬁiﬁigﬁﬂgyed
mirllebhyidratlislse/tarl’rudtas_i_eh coriia_linlr:]@.deri/thropohslAJdZQ]) one and then by comparing the directions of their optical rotations
microbial cell catalyst. 1he nitriie hydratase involve with that of the authentic samples (see Supporting Information).
erythropolisAJ270 exhibits high catalytic efficiency but very e ee values were determined using HPLC and GC analyses using
low enan“oseleC“Vlty a.galnst almost all nitrile substrates studied. chiral Stationary phase (See Supporting |nformation).

The amidase, on the contrary, is very sensitive toward the  pgjotransformations of racemic 2-benzylpent-4-ynenittilegave
structure of the amides. Increase of the steric crowdedness(Rr)-(—)-2-benzylpent-4-ynamide_j-(—)-2b and §-(—)-2-benzyl-
around the stereocenter of the substrates gives rise to thepent-4-ynoic acid$)-(—)-3b. (R)-(—)-2b: mp 76-77 °C; [0 =
noticeable decrease of the reaction rate. In addition, hydrolysis —28.8 ¢ 2.5, CHCl,); ee >99.5% (HPLC analysis)!H NMR

of amides bearing an unsaturated carboarbon bond proceeds  (CDCIy/300 MHz) 6 7.33-7.20 (m, 5H), 5.45 (br s, 2H, CONJ{
much faster than that of analogous amide substituted by a3.01-2.87 (m, 2H), 2.6%2.58 (m, 1H), 2.552.37 (m, 2H), 2.09
saturated alkyl moiety. Moreover, the replacement of an (t, 1H,J= 2.6 Hz);**C NMR (75 MHz/CDC}) 6 175.5, 138.8,
unsaturated carbercarbon bond substituent such as an allyl, 1290, 128.6,126.7, 81.8, 70.6, 47.9,137.8, 21.2; IR (KBr) 3446,
propargyl, or allenyl by a saturated propyl group in substrate 3223 (CONH), 3309 £C—H), 1656 cn1™, MS (EI) mz187 (M,

results in a considerably diminished enantioselectivity of the EI(VOO) 15187%%%)_’ ﬁ317(gz)?’|31 §425); Zlfo(l?r?c?l: Agalfggg-dgf@g%g N
amide hydrolysis. The outcomes imply a possible binding 7 45 ©-(—)-3b: oil; [o] = —12.0 € 2.0, CHCh); ee 94.5%

- (HPLC analysis) [liZ* [og] = —10.9 € 1.24, CHC}); ee 96%);
(19) Beadle, C. D.; Boot, J.; Camp, N. P.; Dezutter, N.; Findlay, J.; 14 NMR (CDCIy/300 MHz) 6 10.66 (br s, 1H, COOH), 7.26

[‘g‘gh;g%t;ig'\"fjg;fs' J.J.; Penariol, R.; Walter, M.Blborg. Med. Chem. . 7 13 (1 5H) 3.073.00 (m, 1H), 2.93-2.89 (m, 1H), 2.862.77
(20) (a) Pén, X.; Cai, Q.; Ma, DDrg. Lett.2004 6, 1809. (b) Yang, L.; (m, 1H), 2.39-2.33 (m, 2H), 2.00 (t, 1H) = 2.6 Hz);*C NMR

Deng, G.; Wang, D.-X.; Huang, Z.-T.; Zhu, J.-P.; Wang, M.Otg. Lett. (75 MHz/CDC}) 6 179.5, 138.0, 129.1, 128.6, 126.8, 80.8, 70.7,
2007, 9, 1387. 45.8, 36.3, 20.0; IR (KBr) 34112882 (br, COOH), 1713 cn;

General Procedure for the Biotransformations of Nitriles or

Conclusion
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MS (El) m/z 188 (M*, 1%), 143 (47), 91 (100). Anal. Calcd. for
CioH1202: C, 76.57; H, 6.43. Found: C, 76.56; H, 6.46.
Synthesis of (3,5E)-3-Benzyl-5-(iodomethylene)dihydrofu-
ran-2(3H)-one 10 from lodolactonization of R)-(—)-2-Benzyl-
pent-4-ynamide R)-(—)-2b. To a mixture of R)-(—)-2b (120 mg,
0.642 mmol) in acetonitrile (6.48 mL) and water (1@8), which
was cooled in an ice-bath, was added iodine (326.1 mg, 2 equiv).
After the mixture was stirred for 2 h, water (9 mL) was added, and
the mixture was kept stirring for another 10 min. The saturated
aqueous NgB5O; solution was added until the purple color of the
mixture vanished. Extraction with ethyl acetate{3$0 mL), drying
over with anhydrous MgSQand concentration under vacuum gave
a residue. Chromatography on a silica gel column using a mixture

Gao et al.

stirred at 0°C for another 80 min, an aqueous solution o,8@;
(10%) was added, and the resulting mixture was extracted with
dichloromethane (3« 10 mL). The combined organic phase was
washed with brine (20 mL) and dried over with anhydrous MgSO
The solvent was removed, and the residue was subjected to silica
gel column chromatography using a mixture of petroleum ether
and ethyl acetate (114 2:1) to give pure (8,5R)-3-benzyl-5-(4-
methoxybenzoyl)-1-(4-methoxyphenyl)pyrrolidin-2-oid (36.1

mg, 58%) and (8,59-3-benzyl-5-(4-methoxybenzoyl)-1-(4-meth-
oxyphenyl)pyrrolidin-2-ondl5 (21.3 mg, 34%)14: mp 148-150

°C; [og] = +15.0 € 2.0, GHg); H NMR (CDCly/300 MHz) ¢
7.87 (d, 2HJ = 8.8 Hz), 7.35-7.20 (m, 7H), 6.93 (d, 2H] = 8.8

of petroleum ether and ethyl acetate (35:1) as an eluant affordedHz), 6.83 (d, 2H,J = 8.9 Hz), 5.34 (dd, 1HJ = 9.6, 1.8 Hz),

pure 10 (107 mg, 53%): oil; fz] = —32.7 € 3.0, CHC}); ee
>99.5% (HPLC analysis)*H NMR (CDClL/300 MHz) 6 7.29—
7.11 (m, 5H), 5.67 (t, 1H) = 2.3 Hz), 3.19-3.07 (m, 2H), 2.89-
2.74 (m, 2H), 2.522.49 (m, 1H);3C NMR (75 MHz/CDC}) &

176.1, 153.2, 137.1, 128.92, 128.89, 127.2, 53.5, 41.7, 36.5, 32.9;

IR (KBr) 1802, 1656 cm?; MS (El) m/z 315 (Mt + 1, 8), 314
(M+, 100%), 187 (94), 145 (66), 117 (88), 91 (64). Anal. Calcd.
for Ci,H1110,: C, 45.88; H, 3.53. Found: C, 45.52; H, 3.73.
Synthesis of (%,5R)-3-Benzyl-5-(4-methoxybenzoyl)-1-(4-
methoxyphenyl)pyrrolidin-2-one 14 and (35,55)-3-Benzyl-5-(4-
methoxybenzoyl)-1-(4-methoxyphenyl)pyrrolidin-2-one 15.A
solution of DCC (0.525 mmol) and HOBT (0.525 mmol) in &H
Cl; (1 mL) was added to the solution of 2-benzylpent-4-ynoic acid
(9-(—)-3b (94 mg, 0.5 mmol) in CKCI, (1 mL) while cooling in
an ice bathp-Anisidine (92.3 mg, 0.75 mmol) solution in Gal,
(2 mL) was then added, and the resulting mixture was stirred at
room temperature for 24 h. A saturated ammonium chloride solution

3.86(s, 3H), 3.75 (s, 3H), 3.34 (dd, 1Bi= 13.9, 4.2 Hz), 3.07%

2.96 (m, 1H), 2.80 (dd, 1H] = 13.7, 9.2 Hz), 2.342.23 (m, 1H),
2.17-2.07 (m, 1H);13C NMR (75 MHz/CDC}) 6 194.6, 175.4,
164.2,157.2,139.0, 131.6, 130.7, 129.1, 128.5, 126.9, 126.5, 124.1,
114.2,62.1, 55.6, 55.4, 42.6, 36.9, 29.9; IR (KBr) 1688 VS

(El) mz416 (M™ + 1, 2), 415 (M, 6%), 280 (100). Anal. Calcd.

for CoeHosNO,4: C, 75.16; H, 6.06; N, 3.37. Found: C, 74.96; H,
6.13; N, 3.68.15 oil; [og] = —30.4 € 2.0, GHe); 'H NMR
(CDCI/300 MHz) 6 7.88 (d, 2H,J = 8.9 Hz), 7.35 (d, 2H,) =

9.0 Hz), 7.23-7.14 (m, 5H), 6.92 (d, 2HJ = 8.9 Hz), 6.84 (d,
2H,J=9.0 Hz), 5.58 (dd, 1HJ = 8.7, 6.7 Hz), 3.87(s, 3H), 3.75

(s, 3H), 3.44 (dd, 1HJ = 14.0, 3.9 Hz), 3.072.96 (m, 1H), 2.72

(dd, 1H,J = 13.8, 11.3 Hz), 2.622.52 (m, 1H), 1.871.78 (m,

1H); 13C NMR (75 MHz/CDC}) 6 195.3, 175.3, 164.2, 157.3,
139.3,131.4,130.7, 128.9, 128.6, 127.3, 126.4, 124.3, 114.2, 62.3,
55.6, 55.4, 44.3, 37.6, 29.4; IR (KBr) 1690 cin MS (El) m/z

(10 mL) was then added, and the organic phase was separated. Thd16 (M" + 1, 2), 415 (M", 7%), 280 (100). HRMS for &Hos-

aqueous phase was extracted with,CH (3 x 20 mL), and the
organic phase was combined and dried over with anhydrous MgSO
After removal of the solvent, the residue was subjected to silica
gel column chromatography with a mixture of petroleum ether and
ethyl acetate (4:1) as the eluant to git2(131.9 mg, 90%): mp
123-124°C; [og] = +54.7 € 1.5, CHC}); 'H NMR (CDCl3/300
MHz) 6 7.32-7.20 (m, 7H), 6.97 (br s, 1H, CONH), 6.80 (d, 2H,
J=8.9 Hz), 3.76 (s, 3H), 3.062.96 (m, 2H), 2.76-2.46 (m, 3H),
2.10-2.09 (m, 1H);C NMR (75 MHz/CDC}) ¢ 171.3, 156.6,

139.0, 130.4, 129.0, 128.7, 126.7, 122.2, 114.1, 81.9, 70.7, 55.5,

49.5, 38.2, 21.5; IR (KBr) 3430, 3297, 1652 cihMS (El) m/z
295 (M* + 2, 2), 294 (M + 1, 13), 293 (M, 76%), 254 (63),
123 (100). Anal. Calcd. for gH1gNO,: C, 77.79; H, 6.53; N, 4.77.
Found: C, 77.43; H, 6.65; N, 4.82.

Under argon protection, a mixture a2 (59 mg, 0.2 mmol),
p-iodoanisole (71 mg, 0.3 mmol), Pd(P#PH(11.6 mg, 5 mol %),
Cul (15.4 mg, 0.08 mmol), and & (67.1xL, 0.5 mmol) in dry
THF (1 mL) was stirred at room temperature for 1 h. After filtration
through a short silica gel (166200 mesh) pad, the filtrate was

concentrated under vacuum and subjected to a silica gel column

chromatography using a mixture of petroleum ether and ethyl
acetate (3:1) as the mobile phase. Compoii8@79.3 mg, 99%)
was obtained as brown solids: mp 13836 °C; [og] = —29.0 €
2.0, CHC}); IH NMR (CDCly/300 MHz) 6 7.32—7.20 (m, 9H),
7.09 (br s, 1H, CONH), 6.80 (dd, 4H,= 8.8, 2.0 Hz), 3.80 (s,
3H), 3.77 (s, 3H), 3.133.00 (m, 2H), 2.8%+2.67 (m, 3H);%C
NMR (75 MHz/CDCE) 6 171.6, 159.4, 156.6, 139.2, 133.0, 130.6,
129.0, 128.7,126.6, 122.1, 115.4, 114.09, 113.95, 85.7, 82.9, 55.5
55.3, 49.9, 38.2, 22.5; IR (KBr) 3318, 1653 cimMS (El) m/z
401 (M* + 2, 1), 400 (M + 1, 6), 399 (M, 20%), 308 (100).
HRMS for GyeH2sNO3: 399.1834. Found: 399.1830.

To a solution ofL3 (60 mg, 0.15 mmol) in C§EH,0H (1.4 mL),
which was cooled in an ice-bath, was added dropwise a solution
of PIFA (95 mg, 0.22 mmol) in CfEH,0H (1.6 mL). After being

(21) Kotake, T.; Hayashi, Y.; Rajesh, S.; Mukai, Y.; Takiguchi, Y.;
Kimura, T.; Kiso, Y. Tetrahedron2005 61, 3819.
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NO4: 415.1784. Found: 415.1786.

Synthesis of R)-3-Allyl-1-phenyl-3,4-dihydro-1H-quinolin-2-
one 19.Under argon protection, a mixture dR-2-(2-bromoben-
zyl)pent-4-enamidé8 (ee> 99.5%) (80 mg, 0.3 mmol), Cul (22.9
mg, 0.12 mmol), DMGC (33.5 mg, 0.24 mmol), £ (97.7 mg,
0.3 mmol), and iodobenzene (504L, 0.45 mmol) in dry
1,4-dioxane (12 mL) was gently refluxed for 19 h. After filtration
through a short silica gel (166200 mesh) pad, the filtrate was
concentrated under vacuum. The residue was chromatographed on
a silica gel column eluted with a mixture of petroleum ether and
ethyl acetate (12:1) to give pul® (72 mg, 91%) as white solids:
mp 77-78 °C; [ag] = +20.0 € 1.5, CHCE); ee >99.5% (HPLC
analysis)H NMR (CDCly/300 MHz)d 7.53-7.41 (m, 3H), 7.23
7.19 (m, 3H), 7.056.98 (m, 2H), 6.34 (d, 1H] = 8.0 Hz), 5.95-
5.81 (m, 1H), 5.145.08 (m, 2H), 3.13-3.07 (m, 1H), 2.93-2.70
(m, 3H), 2.31-2.26 (m, 1H);**C NMR (75 MHz/CDC}) 6 171.8,
141.3, 138.7, 135.5, 129.8, 129.0, 128.10, 128.06, 127.1, 124.8,
122.9, 117.4, 116.8, 40.6, 34.0, 30.4; IR (KBr) 1676 €nMS
(El) m'z 265 (M*+2, 2), 264 (M+1, 16), 263 (M, 100%), 180
(50). Anal. Calcd. for gH;/NO: C, 82.10; H, 6.51; N, 5.32.
Found: C, 82.45; H, 6.57; N, 5.52.
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