
690 J.  Org. Chem. 1988,53, 690-692 

The organic phase was washed (1 X 5 mL of HzO, 1 X 5 mL of 
saturated aqueous NaCl), dried (K2C03), fdtered, and concentrated 
to give a dark brown oil. The residue was bulb-to-bulb distilled 
(50-100 "C, 2 mm) to give an impure mixture of pyrrolizidines 
17,8, and 18 (0.191 g, 2.81.21 ratio, respectively, by GC analysis). 
This mixture was separated by preparative gas chromatography 
(10% SP-2100 on Supelcoport, 6 f t  X '1, in.) to give pure pyr- 
rolizidines 17 (0.084 g, 42%), 8 (0.040 g, 20%), and 18 (0.030 g, 
15%). 

rac -( 1s ,2S ,8S )-4-Aza-2-(dimethoxymethyl)-l-methyl- 
bicyclo[3.3.0]octane (17): IR (CHC1,) 1185, 1122, 1075, 1035 
cm-'; 'H NMR (250 MHz, CDC13)17 6 4.78 (d, J = 7.5 Hz, MeO- 
CHOMe),3.45 (m,H-8),3.35 (8, OCH3),3.30 (s,0CH3),3.12 (ddd, 
J = 3.1, 6.0, 10 Hz, H-5), 2.94 (dd, J = 8.0, 10.8 Hz, H-3), 2.68 
(dd, J = 8.1, 10.8 Hz, H-3), 2.54 (ddd, J = 7.1, 8.2, 10 Hz, H-51, 
2.20 (m, H-1), 2.08 (app quintet, J = 6.8 Hz, H-3), 1.90 (m, H-61, 
1.68 (m, H-6 and H-7), 1.42 (m, H-7), 1.08 (d, J = 7.3 Hz, CH,); 
MS (CH, CI), m / z  200.1650 (200.1650 calcd C11H,,N02). 

rac -( 1s ,2R,8S )-4-Aza-2-(dimethyoxymethyl)- 1-met hyl- 
bicyclo[38.0]octane (18): IR (CHCl,) 1178, 1120, 1077, 1045 
cm-';'H NMR (250 MHz,CDCl,)" 6 4.40 ( d , J  = 7.7 Hz,MeO- 
CHOMe), 3.80 (m, H-8), 3.35 (s, OCH,), 3.30 (s,0CH3), 3.20 (dd, 
J = 7.7, 9.8 Hz, H-3), 2.84 (m, H-2), 2.52 (m, H 4 ,  2.45 (dd, J 
= 8.5, 9.8 Hz, H-3), 2.25 (m, H-1), 1.98 (m, H-5 and H-7), 1.74 
(m, 2 H-6 and H-7), 0.88 (d, J = 7.7 Hz, CH,); MS (CHI CI), mlz 
200.165 0 (200.165 0 calcd for CllH22N02). 

Exploration of Possible Alkene Isomerization in the 
Rearrangement of 2 Alkene Amino Acetal 15. Three reaction 
samples of 15 (1.0 mmol) were prepared as previously described, 
and the ampules were heated at  115 "C for 3,4, or 8 h. At the 
end of each reaction period, the sample was cooled to 0 OC and 
quenched with an excess of solid NaBH, (0.04 g, 1 mmol). 
Comparison of these samples with authentic samples of the (2)- 
and (E)-pyrrolidine alcohols 19 and 20, by capillary GC (30 m 
DB-5 column) and 250-MHz 'H NMR analyses indicated the 
presence of only 19. 
(Z)-l-Pyrrolidino-3-pnten-2-ol(l9). To a solution of amino 

alcohol 13 (0.301 g, 2.98 mmol) and dry THF (10 mL) was added 
anhydrous K&03 (2.5 g, 18 mmol). The slurry was stirred, and 
a solution of 1,4-dibromobutane (0.36 mL, 3.0 mmol) in dry THF 
(10 mL) was added via cannula over a 45-min period. The re- 
sulting mixture was stirred at  24 "C for 12 h and filtered, and 
the solvent was evaporated. Flash chromatography (30 g, SOz, 
955  ether/Et3N) gave 19 as a colorless oil (0.333 g, 72% yield): 
IR (film) 3600-3200, 1660,1605,1450,1115 cm-'; 'H NMR (250 

(qdd, J = 1.6, 8.3, 11.2 Hz, =CHCH), 4.45 (pseudo dt, J = 4.0, 
9.1 Hz, CHOH), 2.8-2.4 (m, 6 H, CH,N), 1.66 (dd, J = 1.6, 6.7 
Hz, CH3CH), 1.45 (m, CH,CH,); MS (CHI CI), mlz 155.1311 
(155.1310 calcd for CBH17NO). 
(E)-l-Pyrrolidin0-3-penten-2-01(20). Amino alcohol 4 (1.002 

g, 9.92 mmol) was alkylated with 1,4-dibromobutane (1.20 mL, 
10.0 mmol) as described in the preparation of 19 to give 20 (1.169 
g, 76%) as a colorless oil after purification on SO,: IR (film) 
3600-3200, 1610, 1445, 1110, 1060 cm-'; 'H NMR (250 MHz, 

= 1.6, 6.5, 15.2 Hz, CH3CH=CH), 4.10 (br m, CHOH), 2.8-2.4 
(m, 6 H, CH,N), 1.72 (dd, J = 1.6, 6.8 Hz, CH3CH=), 1.45 (m, 
CH,CH,); MS (CH,CI), m/z  155.1309 (155.1310 calcd for 
CgHi7NO). 

Crystallography. Single crystals were prepared by slow 
crystallization from hexane. The crystals were found to belong 
to the triclinic system with unit cell dimensions at  22 OC: a = 
8.453 (3) A, b = 9.803 (3) A, c = 11.513 (4) A; CY = 74.25 ( 2 ) O ,  /3 
= 94.18 (2)", y = 112.23 (2)O. Intensity statistics favored the 
centrosymmetric space group P1-. A density of 1.30 g cm-3 was 
calculated for 2 = 2 formula units per unit cell. Threedimensional 
intensity data were collected on a Syntex P2' automated dif- 
fractometer, using monochromatized Mo K a  radiation ( A  = 
0.709 30 A). The 8/26 scan technique was used to measure the 
intensities of 2215 independent reflections within the range 0' 
< 28 < 55".ls Of these, 1815 had P > 3a(F)  and were used in 
subsequent calculations. 

MHz, CDCl3) 6 5.54 (dqd, J = 1.0,6.7, 11.2 Hz, CH,CH=), 5.35 

CDC13) 5.70 (dqd, J = 15.2, 6.8, 1.0 Hz, CH,CH=), 5.44 (qdd, J 

(18) General procedures for data collection and processing have been 
given in: Sams, D. B.; Doedens, R. J. Inorg. Chem. 1979,18, 153. 

The structure was solved in a straightforward fashion by direct 
methods, with MULTAN 77 system of  program^.'^ The oxalic acid 
of crystallization was revealed at  this stage. Refinement was by 
full-matrix least-squares methods.20 Hydrogen atoms were in- 
cluded at  their idealized positions (C-H = 0.95 A) with fixed 
isotropic temperature factors of 5.0 A2. The final unweighted and 
weighted R values were 0.047 and 0.064, respectively. A final 
difference map showed no significant residue. 
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The alkylation of nitro aromatic compounds by leaving 
group substituted carbanions, a method pioneered by 
Makosza and co-workers, has proven to be one of the few 
general processes accomplishing formal nucleophilic aro- 
matic substitution for hydrogen.' Our study of one such 
system showed that methyl 2-chloropropionate (MCP) 
reacts with a variety of nitro aromatic compounds under 
the influence of 2 equiv of strong base (NaH, Me,COK, 
or Me3CONa) in N,N-dimethylformamide (DMF) to give 
methyl 2-(4-nitrophenyl)propionates in good yields.2 
While reactions of this type are thought to proceed via 
Meisenheimer salt formation followed by elimination of 
HCl to give product anion (Scheme I), there is little direct 
evidence to support this mechanism. 

Makosza and Glinka studied the mechanism of nitro- 
benzene alkylation by chloromethyl phenyl sulfone and 

(1) Makosza, M.; Golinski, J.; Baran, J. J. Org. Chem. 1984, 49, 1488 

(2) Stahly, G. P.; Stahly, B. C.; Lilje, K. C. J. Org. Chem. 1984,49,578. 
and references cited therein. 
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restricted by the flanking aromatic nitro groups, preventing 
an antiperiplanar arrangement of the hydrogen and chlo- 
rine atoms. However, such an explanation will not com- 
fortably account for the observed lack of elimination from 
complex 2, where the flanking substituents are the much 
smaller cyano groups. 

I t  is possible that relative Meisenheimer complex sta- 
bilities are particularly important in understanding these 
reactions. Equilibrium constants have been determined 
or estimated for complexes of methoxide ion with TNB 
(23 L mol-'),' DCNB (1.4 X L mol-'),6 and DNB (- 
lo4 L mol-')8 in methanol. The TNB and, to a lesser 
degree, DCNB complexes are more stable than the DNB 
complex and do not readily lose HC1 to form alkylated 
nitrobenzenes. On the other hand, mononitroarenes, which 
afford enduring complexes only in certain systems at low 
temperatures? are readily alkylated by MCP in yields that 
exceed that obtained by using DNB.2 However, this 
Meisenheimer complex stability argument is not applicable 
in all cases. Apparently the character of the nucleophile 
is an important variable, as Makosza and Ludwiczak ob- 
served trisubstitution of TNB by chloromethyl phenyl 
sulfone.1° 

In search of deuterium isotope effects, we conducted 
experiments in which MCP was allowed to compete for 
nondeuteriated and perdeuteriated nitroarenes. Product 
mixtures were examined by gas chromatography/mass 
spectrometry. Control experiments were used to determine 
the extent of hydrogen (or deuterium) exchange occurring 
under the conditions used (Me3CONa, DMF, 0 "C). For 
example, reaction of nitrobenzene-d, with MCP gave a 
single product containing four deuterons. Reaction of 
DNB-d4 with MCP afforded products containing either 
two or three deuterons. The d2 product presumably de- 
rived from exchange of the acidic deuteron situated be- 
tween the two nitro groups. This type of exchange in the 
DNB system has been studied extensively." 

Reaction of equimolar amounts of MCP, nitrobenzene, 
and nitrobenzene-d, afforded a 1:l ratio of products arising 
from MCP attack at protonated and deuteriated positions. 
Therefore, as in Makosza's system: no primary deuterium 
isotope effect was evident. However, reaction of MCP with 
a mixture of DNB and DNB-d4 gave a preponderance of 
the product arising from MCP attack on DNB. The ratio 
of do + dl species to d2 + d3 species afforded a kH/kD value 
of 3.9, corresponding to a primary isotope effect. 

Makosza and Winiarski recently reported similar isotope 
effects in DNB reactions and offered a reasonable mech- 
anistic explanation.12 They maintained that the elimi- 
nation step is rate determining. Variations in the sym- 
metry of the elimination transition state due to factors 
such as Meisenheimer complex stability and steric inter- 
actions are responsible for variations in the magnitude of 
the observed isotope effect. Thus, intermediacy of a less 
stable Meisenheimer complex such as a mononitroarene 
complex would result in an unsymmetrical elimination 
transition state and a small isotope effect. On the other 
hand, a more stable complex such as that from a dinitro- 
arene would proceed through a more symmetrical elimi- 
nation transition state and result in an observable primary 
isotope effect. 

Scheme I 
NO2 
I 

base 0 + CH3CHCIC02CH3 - 
NO2 

p 2 -  I 

concluded that the reaction proceeds by a fast, reversible 
carbanion addition followed by a slower base-induced 
el iminat i~n.~ However, while the proposed mechanism 
calls for breaking of the Ar-H bond during the rate-de- 
termining step, only a secondary kinetic isotope effect 
could be derived from experiments using nitrobenzene-Cd. 
Makosza suggested that the small isotope effect is due to 
a nonsymmetrical transition state in the elimination step. 

We have studied the reactions of 1,3,5-trinitrobenzene 
(TNB), 3,5-dicyanonitrobenzene (DCNB), and 1,3-di- 
nitrobenzene (DNB) with MCP in DMF, with MeaCONa 
as base. The expected alkylation product did not form in 
the TNB reaction. Instead a stable red oil was isolated 
by chromatography and was identified by spectral means 
as Meisenheimer complex 1. Isolated Meisenheimer -6: 6\ &+ 

R NO? N 0 2  
H C-CO2CH3 CHjCHCOzCH, H C-CO~CHS 

/ \  
3 CI CH3 

/ \  
CI CH3 

1: R = N 0 2  4 
2: R = C N  

complexes containing a-halogen atoms are rare.4 The 
reaction of DCNB with MCP under similar conditions also 
failed to yield an alkylated product. Spectral (UV-vis A, 
422,521 nm), and TLC evidence suggested the presence 
of a Meisenheimer complex in the reaction mixture, but 
attempts to isolate the complex were unsuccessful. A likely 
structure for the complex is 2, where addition has occurred 
para to the nitro group. This proposed regiochemistry is 
supported by the reported para selectivity of methoxide 
addition to DCNB.6 

In contrast to the TNB and DCNB results, DNB was 
alkylated by MCP to give compound 3 in 37% yield. 
Presumably, Meisenheimer salt 4 is an intermediate in this 
reaction. 

These data suggest that hydrogen chloride is readily 
eliminated from complex 4 but not from complexes 1 or 
2. In fact, treatment of isolated 1 with several bases led 
only to recovery of unreacted 1 (Me3COK, DMF, 25 OC; 
DBU, THF, reflux) or decomposition to intractable 
products (NaH, DMF, 25 OC; LDA, THF, -78 "C). This 
resistance to HC1 elimination could be explained by the 
steric argument that rotation of the side chain of 1 is 

(3) Makosza, M.; Glinka, T. J. Org. Chem. 1983, 48, 3860. 
(4) (a) Shein, S. M.; Khmelinskaya, A. D. Zh. Org. Khim. 1972,8,1237. 

(b) Gold, V.; Wassef, W. N. J. Chem. Res., Synop. 1986, 24. 
(5) The UV-vis spectrum is consistent with the spectra of similar 

complexes. See: Strauss, M. J. Chem. Rev. 1970, 70, 667. 
(6) Fendler, E. J.; Fendler, J. H.; Arthur, N. L.; Griffin, C. E. J. Org. 

Chem. 1972,37, 812. 

(7) Bernasconi, C. F. J. Am. Chem. SOC. 1970, 92, 4682. 
(8) Crampton, M. R. J. Chem. SOC., Perkin Trans. 2 1973, 710. 
(9) (a) RajanBabu, T. V.; Reddy, G. S.; Fukunaga, T.  J. Am. Chem. 

SOC. 1985, 107, 5473. (b) Bartoli, G. Acc. Chem. Res. 1984, 17, 109. 
(10) Makosza, M.; Ludwiczak, S. J. Org. Chem. 1984, 49, 4562. 
(11) (a) Buncel, E.; Zabel, A. W. Can. J. Chem. 1981, 59, 3177. (b) 

Guthrie, R. D.; Wesley, D. P. J. Am. Chem. SOC. 1970, 92, 4057. 
(12) Makosza, M.; Winiarski, J. Acc. Chem. Res. 1987, 20, 282. 
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An alternative explanation, at least for our systems, is 
that the rate-determining step changes with Meisenheimer 
complex ~tabi1ity.l~ In the DNB-MCP reaction, the 
rate-determining transformation may be elimination from 
the relatively stable DNB Meisenheimer complex. In this 
case the observed primary isotope effect would be antic- 
ipated. However, in the nitrobenzene-MCP reaction, 
formation of the unstable Meisenheimer complex may be 
rate determining, a situation that is consistent with the 
absence of a primary isotope effect. Similar multistep 
reaction pathways have been examined in detail and are 
believed to involve rate-determining Meisenheimer com- 
plex  formation^.'^ 

It is evident that these reactions are complex, particu- 
larly when the diversity of possible nucleophiles, sub- 
strates, and reaction conditions is considered. A definitive 
clarification of the actual pathways involved awaits further 
experimentation. 

Experimental Section 
NMR spectra were recorded on a Varian EM-390 or a GE/NIC 

NT-360 spectrometer. Chemical shifts are reported in parts per 
million relative to tetramethylsilane. Infrared spectra were re- 
corded on a Perkin-Elmer 983 spectrophotometer. UV-visible 
spectra were obtained on a Varian Cary 219 spectrophotometer. 
Mass spectra were obtained on a Finnigan 4023 gas chromato- 
graph/- spectrometer equipped with a 50-M SE52 fused silica 
capillary column. Preparative thin-layer chromatography (PTLC) 
was carried out on commercially prepared silica gel plates (An- 
altech), and visualization was by ultraviolet light. Elemental 
analyses were performed by Galbraith Laboratories, Knoxville, 
TN. 

Meisenheimer Complex 1. A mixture of 100 mg (1.04 mmol) 
of sodium tert-butoxide, 107 mg (0.502 mmol) of 1,3,5-trinitro- 
benzene (TNB), 57 WL (0.50 mmol) of methyl 2-chloropropionate 
(MCP), and 1 mL of NJV-dimethylformamide (DMF) was heated 
at  60 "C for 1 h and poured into 10 mL of water. The resulting 
red, aqueous mixture was extracted with three 5-mL portions of 
dichloromethane, treated with 3 g of sodium chloride, and ex- 
tracted with eight 10-mL portions of diethyl ether. Combination, 
drying (MgS04), and concentration of the ether layers afforded 
a residue, which was purified by PTLC (20% methanol in di- 
chloromethane eluent), giving 15 mg of 1 as a dark red oil: 'H 
NMR (DMSO-d6) 6 1.40 (s,3 H), 3.58 (s, 3 H), 5.68 (m, 1 H), 8.44 
(m, 2 H); NMR (DMSO-d,) 24.9 (q), 44.6 (d), 53.4 (q), 75.0 
(s), 122.9 (e), 126.7 (s), 128.2 (d), 128.2 (s), 128.8 (d), 169.8 (9); 
UV-vis (DMF) A, 448,502 nm. 

Methyl 2-(2,4-Dinitrophenyl)propionate (3). An ice-cold 
mixture of 100 mg (1.04 mmol) of sodium tert-butoxide and 0.5 
mL of DMF was treated dropwise with a solution of 84 mg (0.50 
mmol) of 1,3-dinitrobenzene (DNB) and 57 WL (0.50 mmol) of 
methyl 2-chloropropionate (MCP) in 0.5 mL of DMF. The purple 
mixture was allowed to warm to room temperature and poured 
into 10 mL of 1 N HC1. Extraction with three 10-mL portions 
of diethyl ether followed by combination, drying (MgS04), and 
concentration of the ether layers afforded a residue, which was 
purified by PTLC (50% petroleum ether in dichloromethane 
eluent), giving 47 mg (37% yield) of 3 as an oil: IR (neat) 3099, 
2952, 1738, 1605, 1534, 1349 cm-l; 'H NMR (CDC1,) 6 1.68 (d, 
3 H, J = 7 Hz), 3.72 (s, 3 H), 4.45 (q, 1 H, J = 7 Hz), 7.78 (d, 1 
H, J = 8 Hz), 8.47 (dd, 1 H, J = 8,2 Hz), 8.81 (d, 1 H, J = 2 Hz); 
mass spectrum (70 eV), m/e (relative intensity) 208 (22), 102 (27), 
77 (45), 76 (22), 65 (25), 59 (loo), 51 (30), 43 (98). Anal. Calcd 
for CloHloNz06: C, 47.25; H, 3.97; N, 11.02. Found: C, 47.62; 
H, 3.90; N, 11.29. 
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Recently, we' and others2 have demonstrated that 
readily available esters of optically active 3-hydroxybutyric 
acid are of great utility in the convergent synthesis of 
thienamycin and related &ladam antibi~tics.~ As detailed 
in eq 1, dianion arylaldimine condensation produces 3- 

Hi3 

Ar = p-methoxyphenvl 

(hydroxyethyl)-2-azetidinones with the correct absolute 
stereochemistry at position 3 of the p-lactam ring system 
as needed for the elaboration of the total synthesis of 
thienamycin, antibiotic PS-5 (l), and related penems. We 
now report the full details of an extension of this metho- 
dology toward the asymmetric synthesis of carbapenem 
antibiotic (+)-PS-5 ( l ) . 4 9 6  Our strategy relies on the 

Y Y  

COOH 

1 
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