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Compounds with a high degree of symmetry have been the subject of considerable .synthetic effort in recent 

year&t several C2-symmetric compounds are currently used as chiral ligands. and as chiral auxiliaries in synthesis.2 

Recently. several groups have disclosed C2- or pseudo C2-symmetric compounds that have potential utility as 

pharmacautical agents.3 

1 
In connection with another ongoing program in our laboratories. the synthesis of HIV-l protease inhibitors,4 we 

were interested in the ready synthesis of &symmetric compounds of general type 1. It occurred to us that such 

compounds might be prepamd by an asymmetric double alkylation of compound 2 utilizing a removable chiral auxiliary 

(Xc) at both ends. The products of this reaction, 3, could, in principle, be manipulated further in a wide variety of ways. 

2 3 
Because of the widespread use and superior results obtained in the asymmetric alkylation of chiral oxazolidinone 

derived enolates.5 we chose to adspt this methodology to our own needs. The anion derived from oxazolidinone 4 was 
allowed to react with a variety of a,a>-diacyl chlorides (5a-d); compounds 6a-d were obtained in moderate yield. 

Diacyl chlorides 8.10, and 12 were prepared from the corresponding commercially available diacids by reaction with 
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oxalyl chloride, and catalytic diithylRmnamide (DMF), in methylene chloride. (CH2Cl2) sohnion. Biixaaoliii 

9. 11. and 13 were synhesii from 8. lb. and 12. respectively, by the me&d of Evans, et. al.5 With these 

1 
0 NH 

2 - 
4 

5s n=2 
b n=3 
c n=4 
d n=$ 

*BIlLi 
THP 

c n=4 
d n=5 

7 8 9 

pompom% in hand, we were now able to ash what level of asymmetric induclion would occur in the double alkylation 

of 6a-d. 9.11. and 13. Would the two enolates act independendy of one another. cr would duz asymmetry induced in 

the fit alkylation affect the subsequent alkylation? What is the influence of the chain length and geometry of the bridge 

bclween the enolates on the asymmeuic induction? 

4 

4 

Formation of the bis-enolates of 6c, 6d. and 11 with sodium bis(trimethylsilyl)amide (NaHMDS) in 

tetrahydrofuran (THF) at -78 OC occurred smoothly. Addition of various electrophiles to the cold solution provided 

adducts 14as. and 15 (Table 1). That the major diastereomer of 14r-e. and 15 has f&symmetry was immediately 

evident from its *H nmr. and especially, its 1% NMR specna. The ratio of diastereomers isolated was >9.8:1. We 
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assign as tbc minordiestacomcr. compound 16 whcrcii ow of the newly formed ceotem is in&, we felt it highly 

uolikely, in light of Evmu work.5 that we would see both of the newly formed centers with the configoratioo opposite to 

that expected, L. compound 17. Additionally. the minor dim Q exhibited qectral characteristics that were 

consistent witb a compound that lscked Q-symmetry. There was no evidence in the reaction mixture for the existence of 

compound 17. whiih should exhibit C~symmetry. The yields and analytical data reported herein are for tbe mixture of 

diastereomers; the individual isomers were not separable on a preparative scale. The assignment of absolute 

stereochemistry followed from literature precedent+ diWereom a ratios were determined by HPLC. 

0 0 0 0 i. NaHMDS.THF o o 0 0 

o&&=kA,ll, -78 OC. 
u 

f ii. E+, -78 “C! E f 

% i=: - = 0 

2 & ii. CH&-78VtoR: 

11 

Table 1. Double Alkylation of k. 6d. 11. and 23. 

cs 14a-e 

1s 

blry Reactant Elecirophile FVodllct % YieH Diastenrmcr Ratio 

1 6c (%I 14a 48 22ozl 

2 6c CHz=CHCH$ 14b 55 16:l 

3 6d a31 14c 68 9.8:1 

4 6d C&=CHCH21 14d 69 12&l 

5 6d PhCHzBr 14e 42 22&l 

6 11 CH31 15 31 12&l 

7 25 CH31 26 56 I:1 
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16 17 

InterestingIy, when 6a and 6b were allowed to react with NaHMDS et -78 Oc. with or without the subsequent 

addition of iodomethane. compounds 18 and 19 were formed, respectively, in moderate yield. In the case of 18. the two 

diastcrtanerswac&prrsttdmdisol~ina1:lratlo.Vaylittleofcherllegeddi~letedmataialcouklbcsccn~C 

anaIysis). PnXumabIy. the WtiaIly folmed motm-amlate attacks the neighboring carhonyl group with concomitant loss 

of 4 (which can be isolated from the reaction mixture); this process is reminiscent of the Dieckmann condensation. 

Cyclixtuion of the mono+nolate is apparentIy faster than the second enolixation. Attempts to suppress the cyclixation by 

having the electrophile present during enolate formation were also unsuccessful. Not surprisingly. compound 20 

(prepared from 9 and l&ethanedithiol) gave 21 when allowed to react with NaHMDS in THP at -78 OC; a similar 

reaction pathway is in effect here. 

i. NaHMDS,THP 

-78 OC 

ii. CHxI, -78 OC! to RT 

i. NaHMDS, THP, -78 “C 

ii. PhCHzBr, -78 “C to RT 

20 21 
It should be noted here that while 6b and 20 cyclized to give 19 and 21, respectively, after reaction with 

NaHMDS, dimethylation of 11 occurred in 31% yield to provide 15. Each of these starting materials has a five carbon 

atom bridge between the carbonyl groups; in 6b and 20 the five carbon atoms are &hybridized and unconstrained, 

while in 11, the middle three carbon atoms are composed of a rigid aromatic ring. Simply having a small number of 

atoms between the reacting centers is not entirely sufficient for cyclixation; when geometric constraints preclude a 

cycIiion pathway the desired diaIkylation proeceds well. 

Attempts to aikylate the dianion of 13 with various electmphiles were also unmwzssful. It appears that either the 

dianion is never formed, or, if formed, the dianion is unreactive to electrophiles; this could be a manifestation of 

excessive steric hinderance. In a related result, we attempted to prepare the bis-enolate of adduct 14c followed by 

quenching with dIyI iodide. These experiments routinely returned starting material; apparently, formation of these 

compounds bearing quatanary centers with asymmetric control is not a straightforward process. 

However, because of our unsuccessful attempts to prepare compounds with quaternary centers, we rationalized 

that if we could prepare mono-aIkylated products of type 22, then perhaps we could selectively introduce a second 

electrophile (E/r) with asymmetric induction alpha to the remaining carhonyl group to provide 23. Compounds, 22a+ 
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were prepad in modcad ykId from 6c or 6d ailer reaction with NaHMDS (1.0 eq) followed by ao &ctmpbik (El) of 

choice (Tabk 2). we were Ibal suuX&uI in preparing 23 by reaction of 22b fm whh NaHMDS (2.0 eq) folkwed by 

ally1 iodide at -78 Oc; compound 22 was kokted in 505% ykId from Ihe reactkn mixture in a 80: 10~4~4 ratio. It appears 

dlatCxccsSbeacdoesparlhlIlyepimerize lbepmvioosIyfomkdmymmeuiccenterunderthc3ereaelIooconditkos. 

i. NaHMDS (LOeq). o o 
THF, -78 ‘C 

ii. Et+. -78 “C 

22a-c 

I i. NaHMDS (2.0 #I), 

THF, -78 “C 
ii. &+, -78 “C! 

Tabk 2. Sequential Asymmetric Alkylation of 6e and 6d. 

EIecuuphile Producl % Yield Diastemomer Ratio 

1 6c CH31 22P 31 12&l 

2 6d CH3I 22b 47 >20:1 

3 6d CH2=CHCH21 22c 35 22o:l 

4 22b CH2=CHCH21 2 3 50 80: 10:4:4 

To answer the question of whether any long range asymmetric induction is operative in the alkylatioo of 6d. a 

control experiment was performed. We Erst prepared compound 25 from the reaction of 1 eq each of diacyl chloride %I. 

oxaxolidinone 4. and oxaxoBdinone 24. in the presence of 2 eq of n-BuLi in THF. The desired bisoxaxolidinone 25 

was isolated in 28% yield from the exReeted mixlure of three products; the remaining two symmetrical coopkd products 

could also be isolated by chromatography. Reactioo of the derived bis-enolate of 25 with iodomethane gave dimethyl 

compound 26 ia a 1: 1 ratio of diastereomers. It is quite obvious in this case that there is little asymmetric induction from 

one end of compound 25 to the odmr; a smtisticai mixture of methylated products were obtained. From this result, it 

appears that asymmetrk control in the aikylaGon of 6eA and 22b is a direct result of local asymmetric control without 

any long distance cootrol. 
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ii 
i. n-Bt&i (Zeq). THF, 0 o 0 0 

0 NH + 0 a NB -78 Y! 

$ u 

0 #U N A 

-8 

N 0 

ii. Sd. -78 “C 25 

24 

4 

I 

i. NaHMDS.THF 
-78 OC 

ii. CH$. -78 “C to RT 

26 

In conclusion. we have demonstrated the synthesis of a series of chirai bis-oxaxolidinonc derived diacids (6a+i. 

l&13. and 20). Severai of the oxaxoBlinone compounds 6c. 6d, and 11 were successfuliy transformed into new Cz- 

symmetric and optically active adducts 14a-a, and 15. These adducts could, in principle, be transformed by known 

procedures into highiy useful synthons for subsequent synthesis. For example, transformation of the derived diacids of 

14~. and 15 into @mary amides, and subsequent reaction with lithium ahmdnium hydride or Hofmamt rearrangement 
conditions could provide optically active ogn-diamines. These diamines. d&ids. or derived dials could be very usetitl in 

organic synthesis or polymerization rcactkms. Additkmally, one could imagine utiiiiation of the opposite enantioma of 4. 

or 7 to access the opposite diastenomer of 14a-e, and 15. Mono-aikylated products 22a-c were prepared in modest 

yield from 6c. and 6d. Unsymmetrical diaikyiated compound 23 was prepared from 22b in 50% yield. If this two-step 

experimental protocol is general. it expands the methodology described above considerably, a&i permits the synthesis of 

compounds that would have been difficult to prepare otherwise. Oxaxolidinones 6~. 6b, 13, and 20 ail cyclixed upon 

treatment with base at -78 OC, no aikylation products could be isolated from the reaction mixture. 

Experimental Section 

Melting points were dctexmitted on a Mel-Temp amatus and me uncorrected. Fast atom bombardment (FAB) mass spectra were 

determined on L VG-ZAB SE mass spectmmeta. Elcctmn impact (EI) atd chemiiai ionization (Cl) mass s~ectn were determined on I Fiiigan 

MAT-90 mass qectmmeter. IR specwa were mcotded on I Niiolet 20SXB Fl’--IR specttumcter. ‘H NMR spear vm dccamied a 300 MHz_ 

and 13C NMR spectra were determined at 75 MHz, using a N&let QR-300 WB spectrometer; chemical shifts (6) arc in puts pet million 

relative to tetmmethylsilatte. Apparent couplii~ are Biven in hettz. SpeciRc tot&ms were recorded on l Perkm Elm 241 Poldmeter. 

Elemental analyses were ~ufotmed by Robertson hliilit L&omtoties, Inc.; Madison. New kzscy. Unless othewii noted aI1 reagents and 

solvents obtabql from commercial suppliers were of the highest possible purity md used without further ptuifration. All non-aqueous 

rertimrw~prfamalindrygl~mor~~~~cmaphenofQyu~orni~geh 

Diweteomet ration wae &tmniwd by HPLC utilii I Bakubmtd DNBPG covalent chiial column (5 ptn s+rical. 4.6 mm x 250 

mm) with n-hex a&&pquml (9/l) mobile Flume. Approximately 100 pgJmL of sample was prrpued; 20 pL of thii solution was injected 

onb the column. Ultnviolct detection (2.50 run) was cm&d out on an ABI Model 785A Abuxbancc detector. A Hewlett-Packard LAS 33S4A 

with HP 18652A A/D Convettct was used to intqrate the. HPU: peaks. 



Synthesis of C2-symmetric compounds 4153 

IS~R*,R~)I-3t’_(1,CDloxo-1,CLcracdlyl)bb[~(pbenylmetbyl~~xa~lidloooe] (68). To , wlot;on of (s)+)+ 

hen&2oxu.olidbxme (4.5.8 S, 32.8 mmol) md THP (30 mL) u -78 “C vu ddsd n-butyllhhium (13A mL of. 2.5 M hoxmte u&ion, 

33.6 mm~l) dropwi; dte yeUm sl~ny WI &~xJ It -78 ‘C! for 25 min. TO the &my vu ulded diyl chloride (2.4 mL, 16.4 mmol) 

diPolvsdinTHP(SmL)chopvirc.Ths~tyaUmralutionwrrlthrsdu-7(1OClor4h.n#ruaianmixnnsrupouredintonmntal 

w rnrmDnilnn &bride r~taion (50 mL), Qluted with WUCT (20 mL) md ex&ected with CH2Cl2 (3 x 70 mL). Ike mmbined oigmic 

phuer~aaw~wi~brinc(3x70mL),drmdwithrJlydmurN~~4,fil~md CoocenIrated in wcyo. The residue vu pulifii on 

siliia 84 (elotko viQ 45% B4oAckx) to provide 6e u a colorlen tow 4.98 * (65%): mp 162165 oc; [a& +65o (c 1.29. CHCl3); IR 

(KBr) 1785, 1693, 1395. 1213 cm-l: 1 H NMR (300 MHx, CDCl3) 8 7.37-7.19 (m. 10H. mum&+. 4.72-4.64 (m. 2H. 4.26 2(NCH)), 

4.14 (m 4H. 2PCH2)). 3.31 (64 2H. J = 13.4. 3.3 Hz. 2VhCH)). 3.03-2.94 (m. 4H. 2(COCH2)). 2.77 = (dd, PH. I 13.3. 9.7 Hr. 

2(phCH)X 1.84-1.78 (m. 4H. XCWH2Cff2)); 13C NMR (75 MHz, CDCl3) 6 172.74. 153.37. 135.23, 129.46. 128.85. 127.22, 66.12, 

55.07.37.82 35.04.23A2 pin: MS (FAB) m!e 465 (M+ + H). And. C&d. for C26H2SN206: C. 67.23: H. 6.08; N. 6.02. Poti C!. 

67.11: H. 6.19; N. 6.06. 

(S-(~*~H’)1-3~3’_(1,7-Dlox~l,7-bepteoedlyl)bls[4-(phenylmctbyl)-2-oxexolidinone] (6b). heplred by the slme 

P“=d’e’e = Mh& for 6e by ms&m of 4 with pimcloyl chloride. Isol- 6b u . yellow oil (55%): [a]260 +64o (c 1.18, C~t33); m 

(nut) 1784 1699.1388.1352.1212 cm -‘; ‘H NMR (300 MHz CDCl3) i 7.36-7.18 (m, IOH. mantic). 4.71-4.63 (m, 2H. WCH)), 

424-4.14 (m. 4H. 2(ocH2)). 3.30 (dQ 2f+. I - 13.3. 3.3 Hz, 2(phcH)), 3.03-2.90 4H. 2(COCH2)). 277 J = (m, (dd, 2H, 133, 9.6 HI. 

2W’hCH)). 1.81-1.71 (m. 4H. 2(COCH2CH2)). 1.52-1.46 (m. 2H. COCH2CH2CH2); 13C NMR (75 MHz. ClXl3) S 173.04. 153.38. 

135.25. 129.35. 128.87.66.12 55.08.37.88.35.23.28AZ 23.89 MS (PAB) m/e 479 (hi+ + H). Anal. C&d. for C27H3~2t-j6: C. ppn: 

67.n; H. 6.32; N. 5.85. Found: C. 67.52: H. 6.39; N, 5.74. 

(S-(~*~~~)1-3~3’-(1,8-Dlox~1,8-octencdlyl)bls[4-(pbeaylnethyI)-2-oxetolldlaone] (6~). prepwed hy the sue 

pocedm 6s de&bed for 6a by nwtion of 4 with subcmyl chloride. Is&to 6c u a cobrksl mlid (76%): mp 122X23 Oc; [a&) +W (c 
1.08. CHCl3): IR (KBr) 1786. 1704 cm- ‘; ‘H NMR (300 MHZ., CDCl3) 6 7.38-7.20 (m. lOH, aromatic). 4.72-4.64 (m, 2H. 2(NCH)), 

4.24-4.14 (m. 4H. 2(OCH2)). 3.31 (dd. 2H. I = 13.3. 3.3 Hr 2PhCH)). 3.01-2.88 (tn. 4H. 2(COCH2)). 2.77 (dd, 2H. J = 133, 9.6 Hs 

20’hCH)). 1.78-1.68 (m 4H. Z(COCH2CffZ)). 1.48-1.42 (m. 4H. 2(COCH2CH2CH2)); 13C NMR (75 MHz. CDCl3) 8 173.20. 153.75. 

135.28. 129.37. 128.89. 127.27. 66.12. 55.15. 37.89, 35.38. 28.78, 24.03 ppm: MS (FAH) m/e 493 (M+ + H). And. C&d. for 

C28H32N206: C. 68.28; H. 6.55~ N, 5.69. Foti C. 68.37; H. 6.53; N. 5.47. 

(S-(R*,R~)1-3,3’-(1,9-Dloxo-1,9-nonenedlyl)bls(4-(phenylmethyl)-2-ox~zolldlnone] (6d). Repwd by the mme 

prwcdme U described for 6e by nrtion of 4 with uelaoyl chloride. lsol8u 6d u a colorless solid (65%): mp 90-91 W, [a]26D +5P (c 

1.10. CHCl3); IR (KBr) 1785. 1781. 1708 cm-l: t H NMR (300 MHz, CDCl3) 6 7.37-7.20 (m. 1OH. mmtic). 4.704.65 (m. 2H. 

2WH)). 4.23-4.14 (m. 4H. 2(OCH2)), 3.31 (d4 2H. J = 13.3. 3.4 HZ. 2@hCH)), 3.03-2.84 (no, 4H. 2(COCH2)). 2.77 (dd, 2H. I= 13.3, 

9.6 Hz. 2 (PhCH)). 1.77-1.64 (m. 4H. 2(COCH2CH2). 1.41 (lx s. 6H); 13C NMR (75 MHr CDCl3) II 173.27, 153.39. 135.32, 129.37. 

128.88. 127.26. 66.11, 55.10. 37.91. 35.42 29.03.28.87. 24.15 ppm; MS (El) m/e 506 (X4+). anal. c&d. for ~29~34~206: C, 68.76; 

H. 6.76; N. 5.53. Found: C. 68.54; H. 6.45; N, 5.35. 

(4R-(3(4~*.SS*),4a,Sa11-3,3’-(1,4,7-Trloxo-1,7-bept~nedlyl)bls[4-methyl-5-pheny1-2-oxexolldlnone~ (9). TO l 

SlurrY of4-keoopimelic rid (1.5 S. 8.6 mmol) dissolved in dry CH2Cl2 (15 mL) wm ulded DMF (0.03 mL) followed by oxllyl chknide (2.0 

ed+ 23 mm0l) dmpwii. The IUC&XI mixture wu nined u IUOIII ~VII~U~UUC for 3 h pld mncentnted invfYce0lo$Hovidediecylchleri&8 

whichwuureddhrcrlyinmemrt~.Compound9wuprrpPedbytheeunepoadurrudescn’bed~~byraetionof7~S. 

Irol~re 9 = l colod~ solid (36%): mp 74-78 Oc; [a]26D +3IP (C 1.15. CHCl3); IR (KBr) 1782.1701 em-1; 1~ NMR (300 MHZ, CDC~~) 

6 7.47-7.27 (m 1OH. aorrmticX 5.69 (4 2H. J = 7.3 Hz. 2@CHPh)). 4.78-4.69 (m, 2H. 2(NCH)). 335-3.15 (m, 4H. z(COCH2)). 2.96 

2.77 (m. 4H. 2(COCH2)), 0.88 (d. 6H. J = 6.6 HZ. 2(CH3)); 13C NMR (75 MHZ_ CDCl3) 6 207.08. 171.79, 153.01. 133.26, 128.68. 
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l28.63.l~.60.~.07.54.74,36.21.29.93, 14.46 ppn; MS (FAR) m/e 493 (M+ + H). Anal. C&d. for C27HaN2t,7: C. 65.84; H. 5.73; 

N, 5.69. Fotmdz C. 65.64; H. 5.75; N. 5.45. 

I8-(R*,R*)1-3,3’-l1,3-Pbe~ylexebls(l-oxo-2,l-ethenedlyl)]bls[4-(pbenylmetbyl)-2-oxsxolidinone] (11). To s 

rolotioo of 13-pha1ybnsdhc& uid (3.0 2, 155 mmol) dissolved in dry CH2Cl2 (15 mL) wes edded DMF (0.1 mL) folbwed by oxalyl 

chbrids(4.OmL.~mmol)dropwirs.ThsrertiDnmix~wurtinaduronn~~~forlBhmd -ttmtalinvauotoprovi& 

dirylchbrick19whiJIvuursddhsc~b~nextrar~.Compnndllv~prspPedbyIhesunepocsdureu~~fa~by 

nctbn of 4 with 10. Isolate 11 n l cobrbss did (27%): mp 54-60 Oc; [a12$ +W (C 1.10. CHCl3): IR (i(k) 1779,1698,1391 cm-l; 

IH NMR (300 MHz, CDCb) b 737-7.22 (me 1OH. -tic), 7.16-7.11 (n 4H, aran&). 4.70-4.62 (tn. 2H. Z(NCH)). 4.37-4.22 (m. 

4H. 2(OCH2D, 4.19-4.08 (m. 4H. WQCH2)). 3.27 (dd W, I = 13.4.33 Ik 2VhCH)). 2.75 (4 W. J = 134.9.5 Hq 2(PhCH)); 13C 

NMR (75 MHz., CDCl3)S 171.00. 15332. 135.13. 133.78. 131.10, 12937. 129.18. 128.89, 128.72. 66.09. 55.29, 41.45, 37.69 ppm; 

HRMS (FAR) m/e C&d (M+ + H): 513.2025. pound: 513.2018. Anal. C&xl. for C3OH28N206: C. 7030; H. 5.51; N, 5.47. Foundz C. 

70.M; H. 5.552; N. 5.26. 

~4~-(R*~R*-rr8ns)1~J’-(1,CClelo~exeoedi~ldtcerbonyl)bls[~pbeaylmethy1)-2~xezolldlnone] (13). TO s solution 

of &*lPytbbslunsa*PboxyliE rid (3.0 ~17.4 nunol) dlmwlwd in dry CH2Cl2 (15 mL) was aldal DMF (0.1 mL) folbwcd by 0x4~1 

chbrida(46mL.523~l)dropw*e.Thsrslctionlnixhnewu;tinsdu-lanpslnnsforlEhmd anwnhated in wcyo to provide 

d*cylchbride12WhichWuu#d~bhe~trar~.CompollndWwupepPedbythsluMpoccdureudacribedforbaby 

nWion of 4 with 12. bob@ 13 II. cobrbu sollid (21%): 184-188 oc; [@D +66o (c 1.20, CHCl3); IR (KBr) 1775. 1701. 1376 mp 

cm-l; lH NMR (300 MHs CDCl3) S 736-7.20 (m. 10H. -tic), 4.71-4.65 (m. W, 2(NCH)), 4.264.16 (m, 4H. 2(OCH2)). 3.64-348 

(m w. 2(m)). 3.24 (dd 2H. I = 13.4. 3.2 HZ. 7@hCH)). 2.78 (dd 2H. J = 13.4.9.4 Hq ?@hCH)). 2.15-1.96 (m, 4H), 1.70-1.61 (m. 

4H); % NMR (75 MHz, CDCl3) S 175.67. 153.03, 135.17. 129.40, 128.87. 127.30,66.06.55.14.41.51.37.87, 28.29.27.49 lqmq MS 

(FAR) m/e 491 (M+ + H). M. C&d. for C28H3ONfl6: C. 68.56; H. 6.16; N. 5.71. Fmmd: C. 68.51; H. 6.12; N. 5.52. 

~2S-~2Rr(R*),2I7R*(R*)]]]-3,3’_(2,7-Dlmetbyl-l~~dlox~l,8-octe~edlyl)bls[4-(phenylmethyl)-2~xexo1ldlno~e] 

(14e). To s aolutlon of NaHMlX (2.1 mL of . 1.0 M THF sobticm, 2.1 mmol) md THF (3 mL) .t -78 OC was added Q (0.5 8, 1.0 

IIUIIO~) dissolved in THF (5 mL). Stirriry wu eaninusd at -78 Oc for 30 min. To ths -78 OC rolution vaa added b&methane (03 mL, 5.1 

mmolX the rcsultln8 yellow lobtion WII stirred II -78 Oc for 4.5 h SatuntuJ gwwa ammanlutn chloride (25 mL) vm added to the rertbn 

mixture. allowed to wmm to mom tempaM~% diluted with wata (30 mL) and extracti with CH2Cl2 (3 x 50 mL). The combined or8mic 

phuu were washed with kine (3 x 50 mL). d&d with mthydmua N&04, filtered. and -aated in wcuo. The msidw was plrilkd on 

silica gel (elutbn with 352 RtOAc/hex) to povide 14s u s yellow oil, 0.24 2 (48%): [a]26D +810 (c 1.00. CHCl3k IR (neat) 2974.2934, 

1780. 1695 m-1: 1~ NMR (300 MHz. CDCl3) 6 7.33-7.20 (m. 1OH. aromatic). 4.72-4.64 (m. 2H. 2(NCH)). 4.2.5-4.13 (tn. 4H. 

2WH2)). 3.74-3.67 (m 2H. Z(CKtCH)X 3.24 (dd. 2H. I = 133.3.2 Hz, 2(PhCH)). 2.76 (dd. 2H. I = 13.3.9.6 Hz, 2(PhCH)). 1.77-1.71 

(m. 2H. Z(COCH2Cff)). 1.45-1.26 (m. 6H). 1.21 (d, 6H. I = 6.8 Hz. 2(CH3)); 13C NMR (75 MHz, CDC13) S 177.18. 153.08. 135.33. 

129.42. 128.89. 127.29. 66.01. 55.33, 37.92, 37.47, 33.18, 27.01. 17.34 ppm: MS (FAB) m/e 521 (M+ + H). Anal. C&d. for 

C3OH36N206: C. 69.21; H. 6.97; N. 5.38. Found: C, 69.50: H. 6.95; N. 5.24. 

(22-~2R*(R*),2C8Re(R*)]]]-3,3’-(l,8-Dloxo-2,7~l-2-propenyl-l,8~cteoedlyl)bts[4-(pbeoyt~et~yl)~2~xsxol_ 

tdlxwc] (14b). M by Ihs -0 ~ocedun w dtsaibed for 14s by rescth of 6~ with ally1 iodide. Ilolatc 14b u s yellow oil (55%): 

[a12’D +70“ (c 0.99. CHCl3): IR (neat) 2978, 2928, 2860. 1778. 1695 cm-l: 1 H NMR (300 MHz, CDC13) 6 7.36-7.20 (m. 1OH. 

matic). 5.865.77 (m. W. 2(CH2=CH)). 5.12-5.01 (m 4H. 2(CH=tX2)). 4.724.67 (m. 2H. 2(NCH)), 4.234.11 (m, 4H, 2(OCH2)). 

3.93-3.88 (ma WV Z(CC@CH)). 3.29 (dd. 2HLH. I = 13.3. 3.1 HZ, 2(PhCH)). 2.66 (dd. 2H. J = 13.3, 10.0 HZ_ 2(PhCH)), 2.52-2.27 (m, 4H, 

~(CHPCHCHZ)). 1.79-1.65 (m 2H. Z(CQCHCff)), 1.55-1.44 (m. 2H. Z(COCHC/f)), 138-1.24 (m, 4H); 13C NMR (75 MH& C~l3) 8 
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1’5.96. 153.17.135.43. 135.22. 12937.128.88.127.25.117.12.65.92,55.48,42.03.38.06,36.78,31.~, 27.~ PPm; MS (PAR) & 573 

(M+ + H). M. CM for C34Hq0N206: C. 71.31; H. 7.04; N. 4.89. Fottndz C. 71.49; H, 7.11; N, 4.6~. 

~2~-~2~~(~~),2~8~*(R*)lll-3S’-(2,~DlmctbyI-1,9-dloxo-l,9-aoaeaedlyl)bir[4-(pbea,taeth,t)_2-oxexo~~d~oonel 

(tk)* Rcpnd by Ihe 1Mc me es dacribed for 14e by lee&m of 6d wilb bdomethmte. Isolate 14~ u I yelbw oil (68%): [a]26D 

+8lo(c 1.10. cHc13); nt (nut) 2977.m. 1699. 1455, 1386.1354 1291. 1237.1211 Cal: I H NMR (300 MHz_ CDC13) 6 7.33-7.20 

(m 1Ol-l. emmh). 4.73-4.64 (m 2H. WCH)). 4164.12 (m. 4H. 2@CH2)), 3.75-3.25 (tn. 2H. ~(cocH)). 3.26 (dd, 2~. J = 133.33 

Hz. 2(I’ItCH)X 2.76 (dQ 2H. J = 13.3.9.6 Hz. 2WtCH)). 1.78-1.66 (tn. 2H. 2(COCH2C/f). 1.42-1.25 (tn. NH), 1.21 (d, 6H. J = 6.8 Hz, 

2(CH3)): 13C NMR (75 MHz, CfJCl3) 8 177.25. 153.06. 135.35. 129.43. 128.90. 127.30, 66.01. 55.33, 37.92, 37.64, 33.32, 29.55. 27~8, 

1737 ppn: MS (PAB)m!e 535 (M++ H). Anel. C&d. for C3lH38N2D6: C. 69.64; H. 7.16; N, 5.24. tbtmdz C. 69.m: H, 7.16: N, 5.22. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

MhoncJ NW. Rapaea by Ihe 8amS @We a docni fm 14e b ruction of 6d with ellyl iodide. Isobte 14d m a y&w 61(69%): 

[aJ26D +590 (C 1.00. CHCl3); IR (nut) 2928.2859. 1779. 1696,1650, 1388. 1350 cm-l: 1 H NMR (300 MHG Ii 7.33-7.21 (tn+ CDC13) 

lOH* -atic). 5.89-5.75 (m. OH. ICH2=CH)X 5.11-5.02 (m. 4H. 2(CH=CH2)). 4.74-4.65 (m. 2H. ~(NCH)), 4.19-4.13 (m, 4H, 

2(DCH2)). 3.95-3.85 (m W. 2WCH))I 3.29 (dd. 2H. I = 133.3.1 HE. 2(PhCH)), 2.66 (dd, 2H, J = 13.3, 10.0 Hz, 2(L(PhCH)), 2.5-2.25 

(m. 4H. 2(CH2=CHCH2)). 1.78-1.65 (tn. 2H. 2KOCHCH)). 1.51-1.41 (m. 2H, 2(COCHUf)). 1.26 (br B, 6~); 13C NMR (75 MHz. 

CDCl3) 6 176.10. 153.22. 135.44. 135.26. 12939. 128.91. 127.28. 117.13. 65.92, 55.50, 42.29, 38.10, 36.78, 31.42 29.62, 27.06 Ppm; 

MS (PAR) m/e 587 (M+ + H). Atul. C&d. for C35H42N206: C. 71.65; H, 7.21; N, 4.77. Fnmd: C, 71.59; H, 6.92; N, 4.46. 

f2~-I2R~(R*),2~8R~(R~)lll-3,3’-[l,9-Dloxo-2,8-bl~(pbenylmetbyl)-l,9-ooneoedlyl]ble[4-(pben~lmetbyl)-2-oxe- 

xotbUnooe1 We). W by Ihe sane pmculore es described for 148 by reaction of 6d with benzyl bromide. Isobte I4e u * colnbs~ 

s&d (42%): mp 118-120 oc; [a126D +34” (c 1.00. CHCl3k IR (IUlr) 2926.1769.1692.1393 cm-l; IH NMR (300 MHZ, CDCl3) ii 7.29- 

6.98 (m 2OH. nomaW. 4.67-4.60 (m. 2H. P(NC!H)). 4.25-4.11 (m, 4H. 2(OCH2)). 4.05-4.02 (m, 2H. 2(COCH)), 3.06-2.95 (m. 4H, 

2WCHCff2W. 2.78 (dQ W. J = 133.6.7 HG XPhCH)). 2.38 (dd. 2HLH. J = 13.5.9.4 HL ?(PhCH)), 1.77-1.42 (tn. 4H. ~COCHW2)). 

1.33-1.26 (m. 6H); 13C NMR (75 MHz. CDCl3) 6 176.03.153.00. 139.06. 135.22 129.64. 129.31. 129.04. 128.51. 128.28.98.15, 65.68, 

55.05. 44.45.38.7237.48, 3139, 29.55. 27.04 PP~; MS (PAR) n&k 687 (M+ + H). Ad. Med. for C43H46N206: C. 75.19: H. 6.75; N, 

4.08. Found: C. 74.92; H. 6.90; N. 4.00. 

~2~-(2~~(~*),2~2R’(R*)lll-3,3’-[l,3-Phen~lenebls(2-metbyl-l-ox~2,l~tbenedl~l)Jbis[4-(phexy1meth~1)-2.oxe- 

xo1wloooel(ts). Pr’Wrd by lhe same procedure es descrii for l4e by reectioo of 11 with iodmnethate. Isolate IS m e cobrksr solid 

(31%): mP W-192 ‘C; Ia126D + 183O (c 1.0. CHCl3k IR (KRr) 2967.1785. 1694 cm-l: 1~ NMR (3W MHZ, C~c13) 8 7.367.19 (m, 

14H. momtic). 4.97 (q.2H. J = 7.0 Hz. Z(CHCH3)). 4.65-4.60 (m. 2H. Z(NCH)). 4.13-4.03 (m. 4H. 2(OC!H2), 3.34 (dd, 2H. J =133,3.2 

Hz. 2WtCH)). 2.79 (dd 2H. J = 13.3.9.7 Hs Z(PhCH)). 151 (d, 6H. J = H& 2(CH3)); 6 174.29, 152.90, 

140.69, 135.41. 129.43. 128.92, 127.95, 127.30, + H): 541.2338. 

l+xmd: 541.2335. Atul. Calcd. for C32H32N206: C. H. 5.97; N, 5.18. C. 70.95: H. 5.92; N. 4.98. 

(4S)-3-~(2-Ox~yclopentyl)carbonyll4(pheoylmethyl~2~xe~lldlnone (18). 

M THF l~ltttbn, 2.3 mmol) md THF (2 mL) at -78 W! wu M 6~ (0.5 8. 1.1 mmol) diisolved b THF (14 mL). The mix- WIU 

stirred u -78 “C for 2 h. dowed to wum to mom tempmttwe. md stimd fat 2 h. Satlaated q~~~tts ammadum &bride (75 mL) va w&d 

to the ru~tbtt mixture and allowed to wsrm to room temperalum., diluted with WUCI (10 mL) md extmcted with CH2Cl2 (3 x 50 mL). The 

combined or8mic phmea were wmlted with btine (3 x 50 mL). dried with mtlty&ous NqSO4. filtered md ctmcenbmed in WCWJ. The residue 

wu putikl on silk gel (elution with 40% RtOAclhex) to povide 18 u a yelbw oil. 0.17 (I (55%): [a]26D +W (c 1.25, CHCl3); IR 

@cat) 2969.1689. 1480,1454 cm- l; lH NMR (300 MHz, CDCl3) 6 7.37-7.20 (tn. 5H. uomuic). 4.76-4.64 (m, 2H, (NCH. N(CQCH)). 
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4.31-4.17 k PH. DCH2X 3.35-3.27 (m 1H. FbCH). 2.84-2.76 (m, 1H. PhCH). 2.45-2.13 (m. 4H). 2.W1.91 (m, 1H). 1.61 (1. 1H); 

13C NMR (75 MHZ CDc13) 8211.84..211.72. 169.54. 169.02, 153.65. 153.53. 135.23. 135.13. 129.44. 129.40, 128.95. 128.85, 127.38. 

~27~~~67.%.66.22.66.08.65.78,55.23.54.44,54.25,38.02.37.90. 37.74, 26.65,26.51,20&i. 20.64 ppm; MS (FAB) mle 288 (f&4+ + 

H). And. C&d. for C16H17N04: C. 66.89: H. 5.96; N. 4.88. Found: C. 66.74; H. 5.89; N. 5.09. 

(4S)-~((~0x~yclobc~l~orbonyl~pbeaylme~byl)-~oxo~lld~oone (19). To a solution of N8HMDS (0.9 mL of a 1.0 

M THF l~lution. 0.9 -1) md THF (2 mL) u -78 Oc wu added 6b (0.2 8. OA mmol) dissolved in THF (5 mL). The mixture wu stirted ti 

-78 oc! for 25 h. suumted queous anmoniun\ Chhii (75 mt) v83 added to Ihe ruaion mixlure, dlowed lo warn to room tempentwe, 

diluted wilh wter (10 ml-) sod exuected wilh CH2Cl2 (3 x 50 mL). The mmbii orgaic w wem w&ed wbh brine (3 x 50 mL). dried 

with rnhraou NaW4. filtued md conwntrsd in vocw. Tim residue WII purified on silica gel (cl& with 30% BtDAw’hex) to povide 19 

u l yellow oil. 0.074 g (55%): [a126D +4E” (c 1.00. CHCl3): IR (neat) 2942.1775. 1718.1700.1353 cm-l; 1~ NMR (300 MHz CDC13) 

8 7.37-7.19 (m. 5H. 8rooudc). 4.804.51 (m. 2H. (NCH. N(CD)CH)), 4.30-4.14 (m. 2H, DCH2). 3.47 (dd, 0.5H. 3 = 13.6. 3.4 Hz, 1 

di=tuam (PhcH)). 3.30 (dd. 0.5H, J = 13.4.33 Hr. 1 diutereoma (PhCH)), 2.83 (dd, 0.5H. J = 13.6.10.0 HZ, 1 dirrcuann~ (PhCH)). 

2.77 (a. P.5H. J = 13.4.9.6 HG 1 diitueomu (PhCH)). 2.65-2.41 (m, 2H). 2.32-1.90 (m. 4H). 1.81-1.26 (m, W); 13~ NMR (75 MHz. 

cw13) 6 206.70, 286.66. 169.90. 169.74. 153.75. 153.48. 135.60. 135.18. 129A6, 129.33. 129.03. 128.87. 127.29, 127.12, 66.36, 66.20. 

56.83. 56.62 55.30. 55.10, 42.11. 42.04. 38.08, 37A9. 29.39, 29.32, 27.74, 27.64, 24.21. 24.17 ppm: MS (FAB) m/e 302 (M++ H). 

And. C&d. for Cl7Hl9N04: C, 67.76; H. 6.35; N. 4.65. Found: C, 67.50; H. 6.22; N, 4.43. 

(4R-(3(4R*,gS*),4a,ga~l-3,3’-I1,3-Dlthloloa-2-ylldenebla(l-oxo-3,1-propsoediyl)]bls[4-mcthyl-5-pbenyl-2- 

oxomlldla~a~l (26). TO l 0 W solution of ketone 9 (1.38 g, 2.8 mmol) ad 1.2-ethanedithiol (5.88 mL, 70.1 mmol) ww &led Hun 

abode CrherUC (1.03 mL. 8.4 mmol) dropwire. The ~llllhlg ydbw c&red solution wa stirred II 0 Oc fa 30 mio prior Io dilution with 

EaAc (150 mL). The orgmic phus WM wshed wilh 1 N N@H (2 x 70 mL), water (70 mL). md bri (70 mL) prior to dryii over 

udtydtw MgSo4, fdlrti md concenU&~. The msidw wm purified oo silica gd (elotkm with 30% E~DAwhex) to give 28 aa l adalar 

fopn. 1.59 g (1009b)c mp 58-64 Oc; [a& +390 (c 0.85. CHC13): IR (KBr) 1781. 1700 cm-l: lH NMR (300 MHz, CDCI~) 8 7.46-7.30 

(m. lOH. -tic). 5.68 (d. W. J = 7.3 Hz. 2(OCHPb)). 4.82-4.73 (m. PH. 2(NCH)). 3AG3.24 (m, 8H, 2@CH2), 2(CDCH2)). 2.40-2.27 

(m. 4H. 2WCH2CH2)). 0.91 (d, 6H. J = 6.6 HZ, 2(CH3)); 13C NMR (75 MHz, CDC13) S 172.53. 153.01. 133.30, 128.66, 125.64. 

78.99.70.26.54.78,40.72 37.91. 33.16 14.54 ppm; HRMS (FAB) m/e Cdcd (M+ + H): 569.1780. Found: 569.1771. And. C&d. for 

C29H32N2S206: C. 61.25; H. 5.67; N. 4.93; S. 11.28. Folmd: C. 60.98: H. 5.53; N, 4.75; S. 11.04. 

[4R-(3(R* l nd S~),lor,galI-4-Metbyl-3-I(8-oxo-1,4~ltblesplro(4.5]dec-7-yI)carbonyl]-S-phenyl-2-oxorolldla- 

wc (21). Repmd by Ihe ssme @ore u described for 18 by resetion of 20 with NsHMDS. IsoMe 20 ss s colorless fosm (63%): mp 

60-64 OC; k@D +13O (c 0.7. CHCl3); IR (RBr) 1781.1700 cm- 1; )H NMR (300 MHr CDCl3) 6 7.44-7.29 (m. 5H. mum&z). 5.76 (d. 

0.5R. J = 7.4 HZ DCHPhX 5.67 (d. 0.5H. J = 7.3 Hx, DCHPh), 5.07-4.76 (n 2H. (NCH. N(C=D)CH)). 3.46-3.39 (m. 4H. SCH2CH2S). 

2.97-2.71 (m, 2H). 2.62-2.44 (m 4H), 0.98 (d. 1.5H. J = 6.6 Hr. CH3). 0.90 (d. 1.5H. J E 6.6 Hr_ CH3); 13C NMR (75 MHz., CDCI~) 8 

204.67. 204.59. 168.51. 169.15. 153.15, 152.90, 133.12. 133.08. 128.77, 128.68. 125.67. 79.23. 65.85. 65.82, 55.89, 55.72, 54.90, 54.79, 

44.22.42.71s 42.54,41.23.41.18,3939.38.69. 14.76.14.14 ppm; HRMS (FAB) m/e C&d (M+ + H): 392.0990. Found: 392.0997. 

f2S-Il(R*),2Rr,S(R*)~~-3,3’-(2-Metbyl-l,S-dloxo-l,8-octenedlyl)bls[4~phenylmetbyl)-2~xexolldlnone~ (22s). 

TO I s&lion of 6c (0.5 g. 1.0 mmol) md THF (7.5 mL) u -78 oC ws &led NfiMDS (1.0 mL of a 1.0 M THF lolotion, 1.0 mmol) 

dmpwi rd nimd for 45 min. To the -78 “C sololulion was s&d methyl iodide (0.3 mL, 5.0 mmol) by 8-e; stirring wm continued for 5 

h. A MN&~ queuu s&&on of Mmonium chkwide (25 mL) wm &Jed to the reaction mixlme. diluted with w&r (20 mL). nod exb& 

with CH2Cl2 (3 x 50 mL). The combined or8aic phwr were wuhed with tine (3 x 50 mL). dried with mhydrous Na2SO4. filtered, uwl 

concentx& in wcw. The reskhm wu purified oo silica gel (elution with 3wb EtOAc/hzx) to provide 2ti. u a mk&ss oil, 0.16 g (31%): 

Ia)26D +690 (c 0.5, CHCl3); IR (neat) 2933, 2859. 1777. 1696, 1386. 1351. 1210 cm- 1; )H NMR (300 MHz. CDCl3) 6 7.36-7.20 (m, 
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c0nccnWusd in vacw. The midw was plrif& ~1 lilicx gel (e&km with 50% RaOAc/hex) lo provide 25 es x whit8 solid, 1.0 S (18%): mp 

64-65 Oc: Ia12$ +340 (c 1.60. CHCl3); IR (Rk) 1786.1692 1390 cm -l: lH NMR (300 MHx, CDCl3) 6 7.34-7.20 (m, SH. ammuic). 

4.724.63 (m. 1H. NCHh 4.45-435 (m. W. OfX2CH). 4.25-t.13 (m, 2H. OUf2CH2). 4B5-3.98 (m. W, NCH2). 3.29 (dd. 1H. J = 

13.3. 33 HG phCf% 2.94-2.87 (m 4H. XCOCH2)). 2.75 (dd 1H. 3 = 13.3.9.6 Hz. PhCH). 1.70-1.62 (m. 4H), 1.43 (1. 6H): 13~ NMR 

(75 MHz. Cm3)6 173.41, 173.24. 153.38. 135.28. 129.35. 128.86. 127.24. 66.09. 61.94. 55.07. 42.45, 37.85, 35.39, 34.96, 28.97, 

2ft.82 24.09 PPIII; MS (FAR) m/e 417 (M++ H). M. C&d. fol C22H28N206: C. 63.45; H. 6.78; N. 6.73. Found: C. 63.31; H. 6.83; 

N. 6.86. 

I2S-I2R*(R*),Z(ER* xad 8S*)ll-3[2,8-Dl~xtbyI-l,~-dloxo-~-(2-ox~3-oxxxolldlnyi)aony~J-4-(phcnylmcthyt)-2- 

oxxxo&&ooe (2% Rapped by ths same poadure aa described for 14x by reaction of 25 with iodomethme. Isolti as an inaepamble 

mixlure of dirtamomem 26 u x yellow oil (56%): [a]% +47O (c 1.10, CHCl3); fR (nut) 2974,1777,1696.1387.1287 cm-l; 1~ NMR 

(300 MHz. CDc13) 8 7.36-7.20 (m. 5H. aromatic). 4.71-4.66 (tn. 1H. NCH). 4.43-4.37 (m. 2H. OCH2). 4.25-4.14 (m. 2H. OCH2CH2). 

4.w.00 (m. W. NCH2X 3.75-3.66 (tn. 2H. Z(COCH)), 3.26 (dd, IH. J = 13.3.3.2 Hr. PhCH), 2.77 (&I, lH, I = 13.3.9.5 HZ. 2(PhCH)). 

1.77-1.68 (m. 2H). 1.42-1.26 (m. 8HX 111 (d. 3H. J = 6.81 Hz, CH3). 1.15 (d, 3H. J = 6.6 HZ. CH3): 13C NMR (75 MHZ. CDCl3) 6 

177.26. 177.28. 153.86. 152.93. 135.26. 129.31. 128.77. 127.16. 65.91, 61.73. 55.29. 42.70, 37.89. 37.53, 37.50. 33.42, 33.36, 33.22, 

33.18.29.42 2930, 26.97, 26.87, 26.77, 17.27. 16.91. 16.89 ppn; MS (FAB) m/e 447 (M+ + H). Anal. Calcd. for C24H32N206: C, 

64.85; H. 7.26: N. 6.30. Found: C. 64.55; H. 7.09; N, 6.17. 
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