
This article was downloaded by: [Northeastern University]
On: 14 November 2014, At: 08:59
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Synthetic Communications: An
International Journal for Rapid
Communication of Synthetic
Organic Chemistry
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/lsyc20

An Alternative Stereoselective
Synthesis of Protected
Trans-5-Alkyl-4-Hydroxy-2-
Pyrrolidinones
Pei Qiang Huang a , Xu Tang a & An Qi Chen a
a Department of Chemistry , Xiamen University ,
Fujian, Xiamen, 361005, PR CHINA
Published online: 04 Dec 2007.

To cite this article: Pei Qiang Huang , Xu Tang & An Qi Chen (2000) An Alternative
Stereoselective Synthesis of Protected Trans-5-Alkyl-4-Hydroxy-2-Pyrrolidinones,
Synthetic Communications: An International Journal for Rapid Communication of
Synthetic Organic Chemistry, 30:13, 2259-2268, DOI: 10.1080/00397910008086864

To link to this article:  http://dx.doi.org/10.1080/00397910008086864

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the
information (the “Content”) contained in the publications on our platform.
However, Taylor & Francis, our agents, and our licensors make no
representations or warranties whatsoever as to the accuracy, completeness,
or suitability for any purpose of the Content. Any opinions and views
expressed in this publication are the opinions and views of the authors, and
are not the views of or endorsed by Taylor & Francis. The accuracy of the
Content should not be relied upon and should be independently verified with
primary sources of information. Taylor and Francis shall not be liable for any

http://www.tandfonline.com/loi/lsyc20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/00397910008086864
http://dx.doi.org/10.1080/00397910008086864


losses, actions, claims, proceedings, demands, costs, expenses, damages,
and other liabilities whatsoever or howsoever caused arising directly or
indirectly in connection with, in relation to or arising out of the use of the
Content.

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden. Terms & Conditions of access and use can be found at
http://www.tandfonline.com/page/terms-and-conditions

D
ow

nl
oa

de
d 

by
 [

N
or

th
ea

st
er

n 
U

ni
ve

rs
ity

] 
at

 0
8:

59
 1

4 
N

ov
em

be
r 

20
14

 

http://www.tandfonline.com/page/terms-and-conditions


sY"l73ETIc COMMUNICATIONS, 30( 13), 2259-2268 (2000) 

AN ALTERNATIVE STEREOSELECTIVE SYNTHESIS OF 

PYRROLIDINONES 
PROTECTED TRANS-5-ALKYL-4-HYDROXY-2- 

Pei Qiang Huang*, Xu Tang, An Qi Chen 

Department of Chemistry, Xiamen University, Fujian, Xiamen 361005, P.R.CHINA 

Abstract: .4 flexible approach to protected ~rat1s-5-alkyl-4-hydroxy-2-pyrrolidi- 
nones was described. The key step involved the a-amidoalkylation of benzene- 
sulfone derived from (S)-malic acid, with organozinc reagents generated it? sitii 
from Grignard reagents and anhydrous ZnClz.OEt2, 

Trum-5-alkyl-4-hydroxy-2-pyrrolidinones are versatile intermediates particularly 

for the synthesis of bioactive pyrrolidine  derivative^'‘^ and substituted u ~ J I I - ( ~ -  

hydroxy y-amino acids.' Of particular interests reside on the presence of such anti- 

(3-hydroxy y-amino acid residues in many antitumor or cytotoxic natural products 

of different origin. For example, ( 3 S ,  4R, 5s)-isostatine 1 and ( 2 S ,  3S, 4R)-4- 

amino-3-hydroxy-2-methylpentanoic acid (AHMPA) 2 are components of antiviral 

cytotoxic didemnins A-C4 and antitumor antibiotic bleomycins' / phleomycins6' 

respectively; (3R, 4S, 5S)-N,  0-dimethylisostatine 3 is presence in both dolastatin 

10 ' and simplostatin 1 ,E (3R; 4S)-4-amino-3-hydroxy-2-phenylpentanoic acid 

(AHPPA) 4 is found in hapalosin, a cyclodepsipeptide possessing MDR-reversing 

activities.' It has been shown that such unusual amino acids are essential to the 
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2260 HUANG, TANG, AND CHEN 

bioactivity of the natural products.6c As a result, several methods have been 

reported for the asymmetric synthesis'".'" of 5-fmris-alkyl-4-hydroxy-2- 

pyrrolidinones including a reductive-alkylation approach reported from this 

laboratory' We now wish to communicate an alternative method to this class of 

compound based on an asymmetric a-amidoalkylation. 

+ ( +  H o o  HO 0 + - Y C O  0 

P G J O H  m_N Rl 

OH OH OH 

H2N &N HN-CHj 

1,(3S,-ISjS)-isostatine 2(2S,3S,-IR)-AHMPL\ 3.(3R,4S,jS)-N,O-dimethyIisostatine 

R30 H I o  n BuO Bny--o 
I 
Bn 

I 

J. (3R,4S)-AHPPA 5 6 

The a-amidoalkylation have been shown to be a powerful method for the synthesis 

of nitrogen containing compounds'.*.", however, attempt a-amidoalkylation of 

tertiary cyclic amide (e.g. 5 )  with general nucleophiles such as Grignard reagents or 

organocopper reagents,ja.lz were generally unsuccesshl. We were interested in the 

sulfone-based a-amid~alkylation'~~'~ initially developed by LeyI3. To this end, the 

requisite (S)-N.0-dibenzylmalimide 7 was prepared according to a procedure 

recently reported from this laboratory'. Regio and stereoselective reduction of 7 

gave a mixture of two diastereomeric hydroxylactams 8 which after 

recrystallization gave pure cis-isomer 8 in good yield (86.1%). In the presence of 

anhydrous calcium chloride, the reaction of 8 with benzenesulfinic acid in 

dichloromethane gave a diastereomeric mixture of sulfone cis fratis-9 (yield, 

75.3%). We were delight to found that the separation of the two diastereomers is 

not necessary, since cis-isomer epimerized slowly but spontaneously to pure 
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TRANS-5-ALKYL-4-HY DROXY-2-PY RROLIDINONES 2261 

crystalline fratis-9 upon standing the crslfi-atis isomeric mixture at low temperature 

The key a-amidoalkylation of sulfone rratis-9 was achieved by treating 9 with 

zinc species /ti sifii generated from methyl magnesium iodide and ZnClz ( 1  O M  

solution in Et20) The reaction proceed smoothly at room temperature yielding the 

desired methylated lactams 1rat1.s-(4S, SR)-lOa and c/s-(4S, SS)-10a in a ratio of 

3 I (combined yield, 89%, Table 1, Entry 1 )  

The C I S  trms stereochemistry of compounds 1Oa was assigned according to the 

observed vicinal coupling constants (J4,s=5.9Hz for cis-l0n and J4.j=l .OHz for 

fratis-10s) as reported' previously. Other Grignard reagents reacted similarly and 

gave the same order of diasteroselectivity as showed in the Table. It is important to 

note that the a-amidoalkylation reaction is highly depended on the zinc salts used. 

The use of purchased anhydrous ZnBr2 as promoter led unexpectedly to a HPLC 

unseparable diastereomeric mixture of ether 6 (crs/rrati?i=6 1 :39) in good yield, 

while when using commercially available anhydrous ZnCl2 in CHzC12, a mixture of 6 

and 10 were obtained. It is also worth mentioning that compounds /mti.s-lOn and 

trara- 1Oe prepared by present method showed higher optical rotation values than 

those obtained by the reductive alkylation methodj3 This might indicate that no 

notable racemization occurred in present reaction sequence. 

In summary, an alternative stereoselective approach to rram-5-alkyl-4-hydroxy-2- 

pyrrolidinones was worked out. The use of Griynard reagents as alkylating agents 

made this approach both versatile and flexible. 

Experinien tsl 

The thermometer was uncorrected. Optical rotations were measured on a Perkin- 

Elmer 341MC polarimeter. IR spectra were obtained on a Nicholet Avatar 360 FT- 

IR spectrometer. 'H-NMR spectra were taken at a Varian Unity +50O spectro- 

meter. Mass spectra were recorded on a Finnigan MAT-GCQ (direct injection, EI). 
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2262 HUANG, TANG, AND CHEN 

Entry 

I 

BnO 
PhS0:H. 

BnO BnO 

HO PhSOZ 
I 

C&CI*, I t  Bn Bn 86% Bn 
I 8 cis-9 

I -12ac I 

BnO BnO 

R'" Do + BnrlTAo ZnCL, p h S Q K h o  

rt Bn 
I 
Bn 

I 
Bn 

truns- 10 cis- 10 truns-Y 

ZnCl2 OEt2 trnwslcrs ratio of yields RMgX (equiv ) 

MeMgBr ( 1  8) . 1 .1  75.25" (10a) 89 0 
(equiv ) Products 10 

Scheme I 

6 

7 

Table The ZnC12.0Et2 promoted a-amidoalkylation of benzenesulfone fmns-9 

wC7HI&lgBr (2.0) I .? 7 I .?!I"( lud) 71.3 

PhCHzMgCl(2.3) 1.3 83.17" (loe) 62.0 , 

MeMgI ( 1  5) 64 36"(10a) j 50 50" (Lon) MeMgl (2  0) 

EtMgBr (3- 0) 83 17*(10b) 81  6 

n-PrMgBr (3 0) 2 0  67 33O (1Oc) 82 6 

Column chromatography was performed on silica gel H (Qingdao, 400 Mesh) 

Dichloromethane was distilled over calcium hydride The anhydrous I M solution of 

ZnClz in EtzO was purchased from Adrich Chemical Co.. Inc. 

(-)-(4S, 5R)-l-Benzyl-J-benzyloxy-5-hydroxy-2-pyrrolidino11e 8. To a solution 

of 7 (1.0379, 3 52mmol) in I l O m L  ofPvleOH was added at -15"C, NaBHJ ( 1 4 8 g ,  
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TRANS-5-ALKY L-4-HYDROXY-2-PYRROLIDINONES 2263 

11.8mmol) in one portion. The resulting suspension was stirred at the same 

temperature for 25min. 25mL of chilled saturated aqueous solution ofNaHCOj and 

l O m L  ofchilled brine were added. The resulting mixture was extracted with CH;?C12 

(4 X 60mL). The combined organic layers were dried over anhydrous MgSO4. 

filtered and concentrated in i'ncm to give 8 (1.087g) as a white solid. 

Recrystallization gave 8 as colorless needles (899mg, yield 86.I"'O). m.p. 

130-I30.5"C [ ~ ] ~ ~ ~ + 2 0 . 6 " ( c  1.2, CHCI:). lR(KBr)vmas: 31 15, 1640, 1450, 1400, 

1340, 1330. 1260, 1140, 1095, 1060, 1020.900, 725cm''. 'H-NMR(50OMHz)G : 

2 5Ud.  J=6 OHz. 7H, H-3). 3.62(br, 1 H, OH), 4 08(dt. J=5 5,  6 OHz, IH. H-4), 

4.16(d. J=14.6Hz. IH, PhCHN), 4.57(d. J=I  I 8Hz. IH, PhCHO), 3.60(d, 

J = l l  8Hz, IH. PhCHO), 491(d. J=146Hz, IH, PhCHN), 4.98(br, IH. H-j), 

7 25-7 4O(m, IOH, 2CoHj)pprn. kIS El (m/z): 297(bl', 3.3), 280(M'-OH, 0.83). 

234(6 7), 306(4.3), 73(6.3), 164(6.7), 136(1 1.5). 106(5 S), 91(100), 65(10.8). 

HRMS for ClsH19NO; : calcd : 297.1365; Found: 297.1367. 

(-)-(4S, SR)-I-Benzyl-J-betizyloxy-J-sulfo1iyl-2-pyrrolidi1io1~e (9). A mixture of 

1-benzyI-4-benzyloxy-5-hydroxy-2-pyrroIidinone 8 (999mg, 3.36rnmol). freshly 

prepared benzenesulfinic acid (2.563g, 1 S.Ommol), and anhydrous calcium chloride 

(2.138g. I9 3nirnol) in dry dichlorornethane (100mL) was stirred at room 

temperature for 2 hours under nitrogen. The reaction mixture was quenched with 

water and extracted with dichloromethane. The combined extracts were washed 

with saturated aqueous NaHC03, dried and concentrated in I'LICIIO. Purification by 

chromatography (eluent: ethyl acetate: petroleum ether(60-9O0C), I 3.5- 1.3- 1 : 2  

gave a diastereomeric mixture of 9 as a pale yellow oil ( I  ,0665, yield 75 3%), 

which, upon standing at -20°C for several weeks epimerized to give crystalline 

rrcitis-9 as a single epimer. m.p 86-87°C. [ a ] ~ z " + 1 4 . 3 0 ( ~  I .3, CHCI;). IR(filrn)v,,; 

3025, 2900. 1700, 1580, 1492, 1444. 1330, 1300, 1200, 1135. 1070, 840. 745. 

690cm-'. 'H-NMR(50OMHz)G. 2.16(dd, J=6.2, 17.SHz. IH, H-3). 7,33(d, 

J=178Hz, IH, H-3), 3 97(d, J=l6.9Hz, IH, PhCHN), 4.3O(d, J=11.7, IH, 
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2264 HUANG, TANG, AND CHEN 

PhCHlO), 4.33(d, J=II.7Hz, IH. PhCH20),4.36(d, J=6.2Hz. IH, H4) ,  1 . 5 2 ( ~ ,  IH, 

H-5), 5.29(d, J=16.9Hz, IH, PhCHN). 6.94-7.14, 7.24-7.32, 7.60-7.84(6m, ISH, 

ArH)ppm. MS El ( d z ) :  422(MH', 0.77), 370(1.51), 280 (31.9), 188(11.2), 

174(8.6), 91(100), 77(82), 65(86), 55( 10.6). Anal. calcd for C2,H23NOS C 68.36, 

H 5.51, N 3.32;  Found: C 68.21; N 5.36; H 3.12. 

Typical Procedure for a-amidoalkylation of sulfone trans-9 with Grignard 

Reagents. To a solution of anhydrous zinc chloride ( 1  .O mom in diethyl ether, 

0.43ml. 0.43mmol) in dichloromethane (0.5mL) was added dropwise an Et2O 

solution of the Grignard reagent (0.72mmol). The mixture was stirred at room 

temperature under nitrogen for 30 minutes. .A solution of the sulfone [ratis-9 

(0.36mmol) in dry dichloromethane (1.5 mL) was added and stirring continued at 

r.t. for 14-16hs. The reaction was quenched with saturated aqueous NHJCl and 

extracted with dichloromethane ( 3  X 3OmL), the combined extracts were dried and 

concentrated in vacuo. Products were purified by chromatography using ethyl 

acetate: petroleum ether ( 1  :3-1: 1). 

(-)-(4S, 5R)-l-Benzyl-~-benzyloxy-5-methyl-2-pyrrolidi11one (10a). Yield, 

89.0% (for tratislcis ratio, see Table). Iruns-lOa (major isomer). Colorless oil. 

[a]~" +80.So(c 1. I ,  CHCI3) [Lit.'" +77.6' (c 0.35, CHCI;)]. Identical with 

the product obtained by reductive alkylation method;" by 1.R.. 'H-NMR, mass 

spectroscopy and HRMS. ci.i-10a (minor): colorless oil. [(r]l,"'-28. Io(c 0 5, 

CHClj). IR(film)v,,: 3502, 2976, 2360, 1690, 1604, 1496, 1453, 1418. 1354, 

1263, 1065, 735, 698cm". lH-NMR(SOOH~)G: 1.20(d, J=6.5Hz, 3H, CH3). 2.59(dd, 

h 6 . 5 ,  17.3H2, IH, H-3), 2.61(dd, 5 6 5 ,  17.3Hz, IH, H-3). 3.65(dq, J=6.5, 6.5Hz, 

IH, H-5), 3.96(d, J=15.08H~, IH, H-4), IH, PhCHN), 4 . l l (d t ,  J=6.5, 6.5Hz. 

4.45(d, J=11.83Hz, IH, PhCHO), 4.54(d, J=11.83Hz, IH, PhCHO), 5.02(d, 

J=15.08Hz, IH, PhCHN), 7.10-7.40(1n, IOH, 2CeHS)ppm. MS El ( d z ) :  395(M7, 

40). 280(2), 189(18), 132(25), 91( 100). HRFABMS calcd for [C19H21N02+H)' 

296.1645; Found: 296.1641. 
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TR.4NS-5-ALKYL-4-HY DROXY-2-PYRROLIDINONES 2265 

(-)-(4S, SR)-1-Benzyl-J-benzyloxy-5-ethyl-2-pyrroIidinone (lob). Yield, 8 1.6% 

(~raris:cis = 83:  17, unseparable by column chromatography). IR(film) v-: 3028, 

2961, 1921, 2876, 1684, 1496, 1446, 1267, 1091, 1065, 744, 700, 612cm-I. 'H- 

NMR (500MHz)a : :0.84(t, J=7.5Hz, 3H, CHj, M), 1.88(t, J=7.4Hz, 3H, CH3, m), 

1 38(m, IH, CH, M), 1.66(m. 2H, CH,M+m), 1.78(m, IH, CH, m). 2.56(dd. J=2.2, 

17.SHz. IH. H-3, M), 2.58(dd, J=6.5, 16.9Hz, IH, H-3, m), 2.63(dd. J=4.6, 

16.9Hz. IH, H-3, m), 2.74(ddd. J=O.8, 6.6. 17.5Hz, lH, H-3, M), 3.44(ddd, J=1.6, 

3 1, 8.8Hz, IH, H-5, M), 3.48(ddd, J=3.5, 6.0, 9.6Hz. IH, H-5, m), 3.89(ddd, 

J=1.6, 2.2, 6.6H2, IH, H-4, M), 3.95(d, J=15.1Hz, IH, PhCHN. M), 3,98(d, 

J=l3.SHz. IH, PhCHN, m), 4.14(m, IH, H-4, m), 4.41(d, J=I 1.7Hz, IH, PhCHO, 

M), 4.42(d, J=11.6Hz, IH, PhCHO, m). 4.44(d, J=11.7Hz, IH, PhCHO, M), 

4.59(d, J=11.6Hz, IH, PhCHO, m), 5.01(d, J=l3.SHz, IH. PhCHN, m), 5.03(d, 

J=15 IHz, IH, PhCHN, M), 7.20-7.40(m, IOH, 2CsHs)ppm. MS EI ( d z ) :  

309(M+, 76), 280(32), 218(4), 203(23), 174(36), 92(100). HRFABMS calcd for 

[C20H2;N02+H]- 310.1801; Found: 310.1804. 

(-)-(4S, 5R)-I-Benzyl-4-benzyloxy-5-propyl-2-pyrrolidinone (1Oc). Yield, 

82.6% (tram / cis = 67:33, unseparable by column chromatography). IR(film)v,, : 

3063, 3030, 2958, 2929, 2871, 1685, 1496, 1454, 1354, 1309, 1260, 1070, 1028, 

737. 700. 616cm-' lH-NMR(500Hz)6: 0.87(t, J=7.3Hz. 3H, CHj, M+m), 

1.14-1.36, 1.59, 1.82(3m, 4H, 2CH2). 2.55(dd,J=1.9, 17.6Hz, IH, H-3, M), 

2.57(dd, J=6.1, 16.9Hz, lH, H-3, m), 2.62(dd, J=92, 16.9Hz, lH, H-3, m), 

2.74(dd, J=6,3, 17.6Hz, IH, H-3, M), 3.47(rn, IH, H-5, m), 3.49(m, IH, H-5, M), 

3.52(ddd, J=1.9, 6.3, 8.9Hz, IH, H-4, M), 3.96(d, J=IS.jHz, PhCHN, M), 3.98(d, 

J=15.2Hz, IH, PhCHN, rn), 4.lO(ddd, J=4.5, 6.1, 9.2Hz. IH. H-4m), 4.40(d, 

J=11.8Hz, IH. PhCHO,m),44l(d.  J=11.8Hz. lH,PhCHO,M),4.46(d,J=l1.8Hz, 

IH, PhCHO, M), 4.58(d, I=11.8Hz, IH. PhCHO, in), 5.02(d, J=15.2Hz, IH, 

PhCHN, m), 5.06(d, J=IS 3Hz, PhCHN, M), 7 10-7.40!m, IOH. 1C,,Hj)ppm. MS 

EI ( d z ) :  323(M', 33) ,  280( IS) ,  7_17(42), 174(41), 92( 100). HRFABMS calcd for 
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2266 HUANG, TANG, AND CHEN 

[C21H~jN02+H]' 324.1958; Found: 324.1962. 

(-)-(4S, 5R)-l-Benzyl-J-benzyloxy-5-heptyl-2-pyrrolidinone (1Od). Yield, 

7l.3%(fmtr.s / cis = 71 :29). trans-lOd (major isomer): Colorless oil. [a]~'" +30.6' 

(c 0.75, CHCI;). IR(fi1m) vmrx: 3030, 2927, 2855, 1693, 1496, 1453. 1355, 1260, 

1090, 1071, 737, 699cm". 'H-NMR (SOOMHz) 6: 0.88(t, J=6.8Hz. 3H, CH3), 

1.22(m, IOH. 5CH2), 1.60(rn, IH, CH), 1.90(m, IH, CH), 2.55(dd. J = I  5, 17.5Hz, 

IH, H-3), 2.75(dd, J=6.1, 17.5Hz. IH, H-3), 3.47(m, IH. H-5), 3.88(dd ,J=I 5 ,  

6. IHz. IH. H 4 ) ,  3 96(d, J=IS.?Hz, IH, PhCHN), 4.40(,d, J=I  1.7HZ. IH. PhCHO), 

4.47(d, J=II.7Hz, IH, PhCHO), 5.05(d, J=15.2Hz, IH, PhCHN), 7.20-740(m, 

IOH. 7,C,,Hj)ppm. MS EI (mlz): 379(Mv, 45). 288(11), 3,73(70), 174(56), 

149(36), 91( 100). HRFABMS calcd for [C~JH~;NO~+H] '  380.2584; Found: 

380.2579. ciszl0d (minor isomer): colorless oil. [a]2' +13.2"(c I .  I ,  CHCI;) 

IR(film)v,,, : 3030. 2924, 2855, 1696, 1496, 1455, 1419, 1351, 1098, 734, 

700cm-I. 'H-NMR(5OOblHz)G : 0.87(t, J=6.6Hz, 3H CH;), 1.22(m, IOH, 5CH2), 

1.61(m, IH, CH), 1.73(m. IH. CH), 2.56(dd, J=6.2, 17.0Hz, IH, H-3), 2.65(dd, 

Jz4.3, 17.OHz. IH. H-3), 3Sl(ddd, 3.6, 5.1,  7.4H2, IH, H-S), 3.7O(d J = I ~ . I H Z ,  

IH, PhCHN), 4.lO(ddd, J=6.2, 4.4, ca. 7.4Hz. IH, H-4), 4.40(d, J=I  1.7Hz. IH, 

PhCHO), 4.58(d. J=I 1 7Hz, IH, PhCHO), 5 3O(d, J=15.1Hz. IH, PhCHN). 

7.20-7.40(m, IOH, 2CsH5)ppm. MS EI (ndz): 379(M', 21). 288(8), 273(64), 

174(51), 91(100). HRFABMS calcd for [CzsH;;N02+H]' 380 2584; Found: 

380.2580. 

(-)-(4S, 5R)-1,5-DibenzyI-J-benzyloxy-2-pyrrolidinone (10e). Yield, 62% (fratis 

/ cis = 83:17, trccns-lOe (major isomer). colorless oil. [ C X ~ ~ ~ ~  +38.5"(c 0.3, CHCI,). 

[Lit.3a [a]D" +36.4O(c 1.2. CHCI;)]; Identical with the product obtained by 

reductive alkylation methodjJ by I.R., 'H-NMR, mass spectroscopy and HRMS. 
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