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AkbKesyntbesis of ftans-3~1~*-hydroxyethyl~~~dimethoxyethyl~2-azetidinone (9, an important inter- 
mcdiatc for the syutis of thienamycin (i), was investigated starting from tbe isoxaxoliue derivatives 3 and 9. The 
most effective mctbod was catalytic hydrogenation of t~sbt-butoxy~nyl-3_(2’~dimethoxyethyl~5-methyl- 
isoxaxolinc (9) with Adams catalyst in acetic acid, followed by trimethylsilylation of the resulting epimeric 
amim~stcrs HA and B, cyclization with EtMgBr, and deblocking. Novel reductions of the isoxazolines with 
sodium borohydridc and nickel chloride or with diborarte followed by catalytic hydrogenation were also reported. 

Thicnamycin (1) is a highly potent and broad spectrum 
@la&am antiiitic~3 having a novel 6a-hydroxyethyl 
group on the /3-lactam ring.’ The unusual aud desirable 
antibacterial activity has promoted a number of synthetic 
studies which have rasultcd in total synthesis of 
thienamycins and simpler carbapencm analogs.6’o 
RecentIy, we reported a formal total synthesis of (“-F 
thienamycin and (~)-8R*decysteaminylthiinamycin (2) 
through the isoxaxoline derivative 3.” This synthetic 
approach is expected to have some advantages over 
other synthetic n~thods~‘~“~ because the isoxazoline 
intermediate contains the hydroxyethyl moiety of thien- 
amycin with the correct stercochcmistry as the crythtr, 
form. However, since the main reduction product of 3 
was the undesired stereoisomer, the required trams- 
axetidinone 5, synthesized from the resultant amino ester 
mixture 4 by formation of the lactam derivti amino acid 
using N,N’dicyclohexylcarbodiimide, was contaminated 
with its epimer 6, which was inseparable from 5. On the 
other hand, treatment of 4 with Grignard reagent sclec- 
tively produced 5 in about 10% yield.” We therefore 
looked for a more effective synthesis of 5 and here 
report the improved results, including novel reduction of 
the isoxaxoline and fl-lactam formation.‘3 

REYJL'IXANDDlSCU!SSION 

The reduction of the isoxaxoline and jl-lactam for- 
mation were studied in the methyl and t-butyl ester 
derivatives since a more favorable steric effect was 
anticipated in the latter case. The isoxazoline t-butyl ester 
was synthesized by a method simi@r to that used for the 
methyl ester 3.” Thus, the 1,3dipolar cycloaddition of 
the nitrile oxide, formed in situ by the reaction of 
3-nitropropanal dimethyl a&al” (7) and phenyl isocy- 
anate in the presence of a catalytic amount of triethyl- 
amine,” with t-butyl crotonate”j (8) was carried out at 
room temperature in benzene. The required adduct 9 was 
isolated as the main product along with a small of the 
regioisomer 10. After a short column chromatography 
on silica gel, 9 was obtained in 58% yield-while 10 was 
gained in 14% yield. 

Reduction of the isoxawlines 
Initially catalytic hydrogenation of the isoxazolines 

using Pd, Pt, Rh and Ru catalyst were examined. Among 
them, only Adams catalyst gave clean reduced products 
when the reduction was carried out in glacial acetic acid 
under a medium pressure of hydrogen. As reported ear- 
lier,” the reduction of methyl ester 3 with Adams cata- 
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lyst under 6atm of hydrogen yielded quantitatively a 
stereoisomeric mixture of the two aminoesters 4A and B 
in a ratio of 2:5. The ratio of the two products was not 
affected by the hydrogen pressure. On the other hand the 
hydrogenation of t-butyl ester 9 under the same con- 
dition as above gave quantitatively the mixture of amino- 
esters 11A and B in a ratio of 1: 1. The former isomers 
4A and 1lA were the desired stereoisomers and showed 
lower Rf values than that of the epimers 4B and 11B on 
silica gel tic. 

The isoxazolines 3 and 9 were reduced with sodium 
borphydride in the presence of transition metal salts. 
Treatments of 3 or 9 with sodium borohydride and nickel 
chloride or c&t& chloride” produced the aminoester 4A 
or 11A in poor yield but the stereoisomer 4B or 11B 
formed in trace yield. The methyl ester was stirred with 
sodium borohydridc and nickel chloride hexahydrate in 
methanol at room temperature to atIord the pure 4A in 
13% yield after chromatographic puriftcation. 

Reduction of the isoxazolines with sodium cyanoboro- 
hydride or diisobutylaluminum hydride were also tried, 
but aminoesters were not observed, A treatment of the 
t-butyl ester 9 with excess diborane at room temperature 
gave an adduct, the structure of which was obscure. 
Reduction of the resulting adduct with Adams catalyst 

under hydrogen atmosphere formed the aminoesters 11A 
and B in 13 and 72% yields, respectively. 

/Uuctam formation 
After conversion of the pure aminoester 4A, obtained 

by the reduction with sodium borohydride and nickel 
chloride, into the corresponding amino acid l2A, heating 
12A with N,N’dicyclohexylcarbodiimide in aqueous 
dioxane at 60” produced the desired /I-lactam 5 as a 
single stereoisomer in 59% overall yield, It is clear from 
this experiment that the formation of the C,+epimer 6 
from the mixture of aminoesters 4A and B by the same 
reaction co&ions” was due to the epimerization of 4B. 
The cyclization using N,N’dicyclohexylcarbodiimide 
proceeded at lower temperature by addition of 4di- 
methylaminopyridinea* but the epimerization still occur- 
red. Namely, after hydrolysis of the epimeric mixture 
of the aminoester 4A and B,” prepared by reduction with 
Adams catalyst in acetic acid, the resulting amino acids 
i2A and B were stirred with N,N’dicycIohexylc&odi- 
imide and 4dimethylaminopyridine in a mixture of 
methylene chloride and acetonitrile at room temperature 
togivethemixtureofSaud6inaratioof 1:2.5. 

In order to prevent the undesired epimerization, direct 
ring closure of the aminoesters was investigated. Ac- 

(:) R=Me 

(2, R=tBu 

(4A) R=Me 

(&$) R=tBu 

Scheme 3. 
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cording to Woodward’s method,” the epimeric mixture 
of the aminoesters 4A and B was treated with triisobutyl- 
ahuninum to give only the desired azetidinone 5 in 11% 
yield, Consequently it was decided to determine whether 
protection of the OH group in the aminoesters would 
enable a more efficient conversion to 5. Thus, treatment 
of the mixture of 4A and B with excess trimethylsilyl 
chloride in the presence of triethylamine in benzene at 
rwm temperature, afforded the mixture of N,Odisilyl- 
ated product 13. When the reaction was carried out for a 
shorter period, using a limited amount of the reagents, 
stable trimethylsilyl ethers 14 were obtained. On treat- 
ment with excess EtMgB? in THF at room tem- 
perature, both pr&cts 13 and 14 were effectively con- 
verted into a mixture of tmns- and cis-azetidinones 15, 
m/e 276&I+ t l), in 63 - 78.3% yield. The IR spectrum 
(CHC&) of this product showed NH group absorption at 
3425 cm-’ and CO group absorption at 1758 cm-‘. The 
trimethylsilyl group was observed as a singlet (9H) at 
0.1 ppm in the NMR spectrum (CCL). Deprotection 
using aqueous ammonium chloride gave the fruns- and 
cis+lactam 5 and 16, which were separable by silica gel 
column chromatography. By this method the frtzns-/3- 
lactam S was synthesized in 21% yield from the isox- 
azoline 3, while 16 was produced in 38% overall yield. 

iBu3Al 
> 

Interestingly, the epimeric mixture of the t-butyl esters 
1lA and B, obtained by hydrogenation using Adams 
catalyst, afforded only the tmks-azetidinone 5 by the 
aforementioned reaction sequence; silylation, cyclization 
with EtMgBr, and deprotection. The undesired isomer 
11B in the aminoesters reacted with EtM@r to give 
ether-soluble unidentified products. Therefore 
purification of the fl-lactam 5 was readily achieved by 
utilizing its high water-solubility. According to this 
method, reduction with Adams catalyst followed by 
cyclizatioa of the protecting aminoester, the thienamycin 
synthetic intermediate 5 was obtained in 41% overall 
yield from the isoxazoline 9. 

-AL 
&nerd. IR spectra were obtained with a Hitachi 215 spectra- 

meter, NW spectra with a JNM-PM-60 instrument tJ’MS as an 
intemal reference), aad mass spectta with Hitachi M-5X ppd 
JbfS-OlSG-2 specttomctcrs. 

trans - 4 - f - Buioxycatkyl - 3 - (2’,2’ - dimethoxyethyi) - 5 - 
methylisoxazolinc (9) and trans - 5 - I - buloxycarbonyl - 3 - (2,2’- 
dimefhoxyethy0 - 4 - wurhylisoxawiinc (10). Several drops of 
Et,N were added to a mixme of 7” (15.7g), 8” (l%Oe), and 
phcnyl isocyanate (25 g) in dry benzene (200rnl). The red@ 
mixture was shred for 16 hr at rwm temp under a current of N2. 
After liltration of the mixhae, the fitrate was washed with water, 

(E and k) 
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Scheme 5. 
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dried over Na$04 and cvaporatcd to give a viscaus syrup. 
DistiEa~a d the Widuilc &or&d 8 ycllowi$h liquid (I.&p, 115 - 
12Y at ~~rnrn~g~, which was further pdkd by silica p&1 
Gdum cbmoroonphy. Evaposotioa of the ctkr - n - hexatrc 
(1:4 vlv). &rate gave 9 (l65g, )asa hobby- 
(CHClr) 1720 em-” (GO); NMR (CD&) 6 1.33 (3H, d, J = 6 Hz, 
&-Me), 1.46 (9H, s, 3 x Me). 2.66 (ZH, m, C~~H(~Me~, 3% 
and 3.30 (~cb 3H, each s+ 2 x QMe), 3.43 (lH, d, J- 9 Hz, 
C&r), 4.56 [lH, t, I = 6 Hz, ~~(~Me~* 4*63 (HI, m, C&H); MS 
M/G 274 (M’ + I), 273 (I@+); m(e 273.1585 (C&z. for C~~H~N~~: 
M+ mlc 273.15Ts). 

Evaporation of the CH&cC, &rate gave the isomer ¶g (4 g, 14%) 
as a y&wish oil, IR V, (CHC@ 1720cm-’ (00); NMR 
(CDCl~) 6 127 (3H, d, I = 7 Hz, CPM& 1.47 (9H. s, 3 x Me), 
253 PH, t. f = 6 Hz, C~~H~UMe~, 330 (6H. s, 2 x OMe), 4.23 
USE, d, / =6 Hz, C&H), 4.50 (lH, t, I =6Hz, C~{OMck]~ MS 
nrie 274 (M’ + I), 273 (M’); rrr/e 273.1555 {Calc for C,JH1_lNOs: 
hf* nJG 273.1575). 

Methyl 3 - amino-- 5 - hydmxy - I,1 - dimthoxyhexant - 4 - 
~u~~~y~u~~ (4A). tms-3” (1 g) and N~I**6~~0 (1.25 g) were 
dissolved in MeOH (50 ml) and NaB)4 (0.82 g) was added to the 
above rn~~ under WaS 

rnamtainod at 15-2.5” lhr 
at room kmp. After e was 
partitioned between coat. ammonia and CHCls. The organic 
faycr was washcd with water, dried over ?&SO, sod cv~ra~ 
to give a residue, which was subjected to silica gel chromato- 
graphy. Eva~~~~n of tfre Mc~~~~*~~~ (1: 50 v/v) eluate gsve 
4A (JBmg, 13%) as B y~~owish oil, IR Y~~ (CHCls) 1725 cm-’ 
(GO); NMR (tXM&) 6 1.25 [3H, d, I = 4.6 Hz, &CH(OH)], 
1.&6 (2H, dd, I =X6 and 6.6Hz, &-H& 3.21 (2H, s, NH2 
disapmcd by D&I), 3,37 {6H, s, 2 x OMe), 3.77 (3H, s, 
4.33 (fH, dq, J =6 and 66Hz, CYH), 4.57 [IH, 1, I= 
CH(OMchJ; MS m/c 236 (M’i- 1); nJc 236.1490 (C 
~*~~N~~~ M’ + t de 236~~4~~. 

(a) To a soln of 9 (669 mg) in dry THF (10 fnl), 1M BHs. THF 
(4.95 ml) was added at O- 16”. The mixture was stirred for 16 hr 
at room temp under a current of N2. After addict of 10% 
NaOH, the mixture was extracted with CHQ, The ex~ct.w~ 
washed with brine, dried over Na$Q, sod evaporated. The 
resulting oily r&due was dissolved in A&H ~1~~~ and then 
stirred for 16 hr with PtQ (IO0 mg) under a current of Hz (1 atm) 
at room temp. After filtration, the tiltrate was concentrated under 
rcduccd pressure at do” to afford a residue, which was partitioned 
between CHC13 and 10% NH&H, The CHCls extract was 

hed with brine, dried over Na~SO,, and cv 
syrup* which was sub~~ to silica gel 
Evaporation of the MeOH-CHC13. (1:49 v/v) eluate gave 118 
(48% mg, 72%) as a ~lorl~ss oil, NMR (CIX&)S 1.16 [3H, d, 
J = 6 Hz, McCH(OH)], 1.43 (9H, s, 3 x Me), 3.33 (6H, s, 2 x 
OMt), 3.83 -4.26 [IH, m, C&H), 4.58 [lH, t, J = 6 Hz, 
~~{QMc~]; MS m/e 278 (M* + 1)‘ 277 (M*); tie 277.1870 (Cak. 
for C,sHnNOS: M m/e 27’7.1888)~ 

Evaporation of the M~H-~H~l~ (3:47 v/v) cluat~ afforded 
1lA (88 mg, ~3%~ as a colorless oil: NMR (CDCl,) 6 1.28 [3H, d, 
J=6Hz, MeCH(OH& 1.50 (9H, s, 3xMc), 3.40 (6H, s, 2x 
OMt), 4.03-4.43 (1H, m, C.&Q, 4.53 [lH, t, f=dHz, 
C~(OM~~; MS mlr 278 (M’ + I), 277 (M”); mfe 277J921 (Calc. 
for C,3Hz7N0,: M” m/c ~.~~). 

tb) Pfo2 ~~rng) was shaken for 15 ruin undtr a alit of Hz 
in AcOH (1s ml) and 9 (500 mg) was added, The mixture was 
shaken for 2 &ys under a current of Hz (4.5 - 5 atm) at room 
temp. After Wration, the titrate was coacentrakd at 40” utukt 

ted pressure to give a residue, which was ~~~~ in CHQ 
wa.sMwithlO% N~~H~~.~ex~~~~ 

over Na&$ and evaporated to afford the epimcrk mixture of 
11A and R (MImg, 1009Q as a colorless oil, NMR spectntm 
(CD&) of which ~~~t~ it to be a mix- of IlA aad B iu the 
ratioof 1:l. 

esters” 4A and B (1+9gg), pnparud by the neduction with Hs- 
Adtuus Pt in A&H, Na (0.23g) aud several drops of H@ iu 
MCOH (10 ml) was stkd for 2ohr at room temp.. After 
cvapo&.ut of the .&ents, tbt residne wart di&ved iu Hro’ 
and adjussdd c pH 7.0 with dil. H&I,. The &turn was drkd by 
distillation of W;O urukr reduced pressure and tk rusiduc was 

.~~~~~~V~~~~C~ 

yellowish syrup, which was dissolved iu CH&!l.&H&‘N 
(HI:3 V/Y) (130 ml). After alto of 4 
(loo 

~~~~y~ 
and N,N’ - d~y~~~xy~~ ~1.74~9, the mix- 

ture was stirred for 24 hr at room temp. After filtration, the solvents 
wert rcmovcd by ~s~a~n under 
yellowish syrup, whkb was sub&W to silka goI 
graphy. Evaporation of the bcnzcllbace 
gave the mixtun of 5 and 6 (41Outg, 3%) as a coloricss syrup, 
NMR sect (~~~) of which indicated it to be a mixture 5f 5 

and 6 in the ratio of 1:25, 
trans #nd cis - 3 - [t’R* - ~~d~xy~h~~ - 4 - (ZJ - achy- 

ethyl) - 2 - o~tti~cnes (5 and 16). To a mixture of 4A and II’* 
(1.497g) and E&N {~.~~ in dry benzene (15m!), a soln of 
Me&Cl (I .?28 g) in dry beniznc (S I& was slowly added u&r 
woting with ice, The rn~ was stirred for ghr at room tc&p 
under a current of N2. After fkatiou, the f&r&c was evaporated 
to give a syrup, which was dissolved in dry THF (25 ml), 3M - 
EtMg&Et,O (63ml) was slowly added to the mixhrre u&r 
cooliug with ice and a current of Nt. The resulting mkture was 
stirred far 15 br at room temp trader a current of Ns. H&I (15 ml) 
was added drop by drop under cooling with 
was stirred for Ernst at room temp. After 
(5Om.h the rnixm was well stirred and fihe 
cva~~~ to give a residue, which was sub~~ to short 
cohrmn chromatography on silica gel. Evaporation of acetone- 
benzene (1 :I+) &rate afforded the epimerk mixtrue of U 
(1.375g 7996) as II yellowish oil; IR u,, (CHCl3 
175% (C=G); NMR (Ccl,) g 0.1 (9H, s, OS~~~~, 1. 
C, -Me), 3.3 (6H, s, 2 x UMcj, 7.4 br (tH, s, NH); 
(hi++ l), m/c 276.1592 (Calc, for C,zHasNO,Si: (M* t 1) mjl, 
276.X29)+ This compound was used for the #rtt reaction without 
further purification. The mixtrue of the above 15 (1.375 g)I NH&l 
(&294g), Hz0 (30 ml} and ether (5 ml) was stirred for 20hr at 
room temp. The aqwus lay Wlporated to give a tesidlto 
which was extracted witb After ~v~x~~~ of tbc 

jGctcd to silica gel cukmn 
n of the (3 : 17 v/v) 
494mg, 38%) as a colorless syrup? 

whose spectrrd data and tic behaviors were ~d~~~ with those 
of the authentic sample.” 

E~~~o of the a~to~~~ [I: 3 v/v) &ate 
tna~5 (266 mg, 21%) as a colorless syrup, which was idea 
with the lunatic sample” on the #rnp~~n of IR and 
spectra and tic. 

(a} A mkiurc of 1A (880 t ~e~~~ by the lotion with 
NiCl~6H~~ and NaBfi4, NaOH (165mg) ad sewal drops of 
Hz0 in ?&OH (30 ml} was stirred for 48 hr at mm temp. After 
evaporation of the solvent at 30”. the 
Hz0 (2Qml) aod adjusted to pH 3 with 
with ice. The mix- was evaporated 
was ~x~~~ with CH~~E~H (1: 
eva~~ti~n of the solvent, the residue 
(I8 u@ and H,O (g ml}, The rcs 
N,N’ - dicyclohexylcarbodkide 
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with ice and the mixture was stirred for 6 days at room temp 
under a current of Nz. Ice (12 g) was added in small portions 
during 5 hr. The organic layer was separated by decantation and 
the aqueous layer was further extracted with CH+&. The com- 
bined organic layers were dried over NaxS04 and evaporated to 
give a yellow syrup, which was subjected to silica gel chromato- 
graphy. Evaporation of the acetone-benxem (1:3 v/v) eluate 
afforded 5 (174mg. 11%) as a colorless syrup, which was 
identified by tic behavior and spectral comparison. 

(c) To a mixture of 11A and B (0.5648), prepared by the 
reduction with HrAdams Pt in AcOH, and Et,N (1.1 g) in dry 
benxene (5 ml), a soln of Me$iCl (1.6g) in dry benxem (5 ml) 
was slowly added under cooling with ice. After stirring for 8 hr at 
room temp under a current of Nx followed by filtration, the filtrate 
was evaporated. The resulting syrup was dissolved in dry THF 
(1Oml) and 3M-EtMgBr-Et,0 (3 ml) was slowly added to the 
stirring mixture under cooling with ice and a current of N2. The 
resulting mixture was stirred for 40hr at room temp under a 
current of N1. After evaporation of the solvents, Hz0 (LOml) 
was slowly added to the residue under cooling with ice. After 
stirring for Jontin at room temp, the product was extracted 
several times with CH&. The extract was dried over Na.#O, 
and evaporated to give a syrup, to which a soln of NH&I 
(200 ml) in Hz0 (10 ml) and ether (5 ml) were added. The resulting 
mixture was stirred for 16 hr at rcmm temp. After evaporation of 
the aqueous layer, the residue was subjected to silii gel 
chromatography. Evaporation of the acetone-benzene (I : 3 v/v) 
cluate afforded the @-lactam 5 (170 mg, 41%) as a colorkss syrup, 
which was identical with the authentic sample by comparison of 
IR and NMR spectra and tic behaviors. 
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