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Abstract: A novel antibiotic, lactivicin (LTV), was isolated fran the culture 

filtrates of two bacterial strains by various types of chrcmatcgrapby. LTV 

exists in aqueous solution as an eguilibrium mixture of two epiamsrs in a ratio of 

about 1:l. The chemical structure of LTV (~OH,~N~~) was determined to be 2- 

(4S-acetylamirrz-3-oxo-2-isoxazolidinyl)-5-oxo-tetrahydrofuran-2-carbcqlic acid. 

The absolute configuration at the C-6 position was elucidated from the CD 

spectral data and X-ray crystallcgra@ic analysis of rl-amino-lactivinic acid 

obtained by the iminoether method. This canpound is useful as a starting 

material for chemical tification. LTV showed antibacterial activity against 

Gram-positive and negative bacteria, susceptibility to B-lactanmxs, armd affinity 

for penicillin-binding proteins. We therefore concluded that LTV is a novel 

skeleton antibiotic having &lactxm-like activities. 

In our zreening program for new inhibitors of cell wall synthesis frun bacterial strains, We 

discovered lactivicin (LTV, 11,') a novel antibiotic, in culture filtrates of s lactam- 

a sp. nav. YK-258 and Lyscbacter alixs sp. IXN. YK-4222'. LTJwa.9 purified by the msthcd used 

to isolate acidic, water-soluble substances. Itwasobtainedasaneguilibrilrmmixtureinagueuis 

solution. The structure of this antibiotic has been determined by chemical degradation and 

spectrcecopic analyses to be a dicyclic dipeptide as shown in Fig. 1.') LTVis active against Gram- 

positive and sane Cram-negative bacteria, &l vitro and in vivo121 -- and shows biological activities 

which are similar to those of B-la&am antibiotics in that it is susceptible to B-lactanmmx and has 

an affinity for penicillin-binding pr~tei.ns.~~~l As LTV gave 4-ami~lactivinic acid (4-ATA) by the 

imiIlDethern&hcdingxdyield, we tried to synthesizenrne effective and less toxicde.rivative~ of 

this antibiotic based on the known S-la&am antibiotic chmnistry. 

This paper deals with the isolation and structure elucidation of lactivicin in detail and 

preliminary chemicalmcdifications of this carpound. 

LTV is an acidic, water-soluble antibiotic. It was isolated fran the culture filtrate as the 

scdium salt by column chral&ography using anion-exchange resins, anicn+=changesephadex, an 

adsorptive resin and activated carbon. In place of QAE-SephadexR chromatography, ion-paired 

extraction using 2% trioctylmethylamnonium chloride/dichloromethane solution or preparative 

reversed-phase HPI_C using a octadecyl silicate coluam/O.OlM phosphate buffer (P.B., pH 6.31 axAd be 

used. Bioactive fractions were detected by measuring antimicrobial activity using B-lactam- 

hypersensitive mutants, Pseudaronas aerugi.nosaC 141and EscherichiacoliPGfl,andbyHPLC. 
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Fig. 1 Structures of lactivicin and its esters 

Lactivicln 1 LTV, 1) 

R 

2A: PNB 

3A:CH, 

R 

28: PNB 

30: CHJ 

Two clcee peaks having almst ths same heights ware ohserved cn HPE of purified 1 as sham in 

Fig. 2. Peaks A and B shawed the same ant.buiWal activity in the diffusion method and were 

present in a ratio of 53 to 47 (average of five lots). We tried separating these peaks by 

prepwative HPI& follcwad by desalinatim using activated W chrcsmtcgraphy, txlt we fwrxI that 

tk HPIC petterns of the recwered so1utici3s 

Fig . 2 Typical ?iPIE pattern of lactivicin 

Colunn: OIXS, EKHack A-312fY~ a~.L&.) 

Mobile phase:. 4% Me&H/O.OlM P.B.fpH 6.31 

Detection: W akeorbsnce at 214 nm 

Flawrate: 2ml&n 

~~~aatiwseofthestarti.ngsoluticns. The 

fig. 3 ~~~Uibrf;un patterns of lactivicin (A 

and B) in 0.1 M P.B.fpH 7.0) at 23°C 
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Table I. Stabilities of lactivicin and naturally occurring B-la&am antibiotics in P.B. 

(6O”C, 100 pq/m.lIa 

Half-life time (h~-)~ 

pH3 @i5 pH6 pH7 pH8 pH9 

Lactivicin 

Cephabacin H114) 

cephabacin F114) 

Clavulanic acid15) 

C-19393 E516) 

CephalosporinC 

Cqhabacin M15) 

PQithienamycin B") 

Epithienamycin A") 

Penicillin N 

~~;Y$=phal" 

a, The samples prepared 

regions. b, The residual 

I 0.39 1.63 

0.85 0.85 -- 

1.4 0.73 - 
0.70 

1.5 

1.6 1.5 

1.8 1.8 - 
0.43 

0.50 

2.1 

1.9 27 

2.4 - 

1 .l 

1.8 

in our laboratories were used. 

amcuntswere msasuredbyHPLC. 

0.45 0.35 

0.85 0.58 

0.87 0.50 

1.4 0.40 - 
1.5 0.50 

1.5 0.90 

1.5 0.37 

2.2 4.8 

5.1 8.5 

8.0 2.0 - 
29 6.3 - 

Underlines express the most stable pE 

conversion rates from A to B and from B to A starting with samples prepared just after the 

separationofpeaksAandBbypreparativeHPICaresho+ninFig.3. Ekquilibrirnnwaa attained in 

both cases after about one and a half haus at 23'C, pH 3 to 7. 

The sodium salt of 1 obtained as a eguilibrium mixture gave positive color reactions with 

potassium psrmanganate and negative color reactions with Greig-Leaback, Sakaguchi, Wlich, Ba.rtm 

and Dragendorff reagents. LTV is readily soluble in water and dimethyl sulfoxide, soluble in 

methanol, and sparingly solubleinacetons arkdethylacetate. 'Ibe stability of 1 at 60°C in P.B. of 

various pHs is shown in Table 1. The stability of 1 at these pH regions was abmst the sams as 

these of the cephabacins, clavulanic acid, carbapenfrns, or cephalosporin C. LTV is mt stable at 

PH 5. 

The W spectrum of 1 contained a shoulder at 216 nm. TheCDspactnnnofl~anqative 

Cotton effect at 238 rnn and a positive one at 212 rrk The W abxxptions ad Cottcm effects in the 

Table 2. w arx3 (D spectra of lactivicin and naturally occurring 8-lactzan antibioticsa 

w: +sax nm (E) CD:[81 nm 

Iactivicin 216 (4050, sh) 212 (+18400), 238 (-22200) 

Penicillin N E&dabs. 232 (+18900) 
clavulanic acid mdabe. 215 (-39800), 238 (+2'900) 

Sulfazecin18) &dabs. 236 (+11000) 
~ephabacin Hl14) 260 (9000) 226 (-50700), 258 (+21000) 

8 I 
Ml 
5) 264 (9000) 234 (-58800), 260 (+49100) 

Tw:;,~~) Fl 14) 260 253 (9520) (3850) 228 218 (-30900), (-12100), 260 255 (+29500) (+7510) 

C-l 9393 s220) 
I 

244 (16900), 288 (13600) jg tT;;y'$j, 263 (-46200), 

Forn&icin A2') 1 224 (24500), 269 (2000) 230 (-113000) 

sa@es were mmaured at 23-25'C in water by Hitachi f$ec&&~taneter 320 (WI and JASCO 

AutaMticHecording Spectropolarimeter J-2oA (CD). 
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Fig. 4 IR speckumof lactivicin sodi.msauz(KBr) 

Fig. 5 'H m spctnm of lactivicin [300 MHz, D20, * ~-3001 

I”“,““,....,....I....,..,,,.... ,, 

s.0 4.S 4.0 S.5 S.0 2.5 2.0 
PP” 

CD spectrum of tk known B-la&am antibiotics are slxmn in Table 2. These characteristic W and (I) 

spedral data suggested that 1 has differentchrcmophore(s) fran those of known B-la&am antibiotics 

despite the similarity in their biological activities. The IR spa&rum of 1 (Fig. 4) was also 

canplicatedin the carbonylregion. The IR abeorptions at 1780 and 1730 an-' seemed likely to be 

B-la&am and ester -1s. However,afterstxuctured&ermi~tianof 1,theseabsorptionswere 

assigned to y-lactone and 3-isoxazolidone (y-lactam) carbonyls, respectively. In the 'H NMR 

spectrum, all correqx&ing signals were observedas overlapping signals as sti in Fig. 5. 

Cn acid hydrolysis of 1 in 6N hydrochloric acid, serine was detected in the hydrolysate by amino 

acid analysis and was fcurxA to bs the L-form by the tmdified HPLC msthod4)using a choral mobile 

phase. Upon kreatment with p-nitrobenzyl bromide in dimethylformamide (DMF), 1 gave two p- 

nitrc&nzylesterepinb=rs (U&28). l&y - separated in their plre forms by Sqhadex IA-20R 

or silica gel chrauatcqra~y. when 2BwashydrogeMtedusixqlO % palladium-ca?Am todeprotect the 
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Table 3. ‘3c NMR speotral data [loo MHZ, bppn, JEJL Gx-4001 

carbon 

co 
I I 

8, 

I, 

C-6 

c-5 

c-4 

c-9 

c-10 

C-l 4 

-3 
II 

,I 

c4zwmxl (solvent) 

1 3 z 3B 4 8 10 

(=-6) (oMsed6) (I==-%) (-1 (D$3 (wa3) 

175.84 s 

172.82, 171.07 s 

169.68, 169.64 s 

167.21, 167.02 s 

96.44, 96.28 s 

68.40, 71.07 t 

52.19, 51.93 d 

29.06, 28.82 tb 

28.15, 28.12 tb 

22.25 q 

174.27 s 

171.80 s 

169.56 s 

165.54 s 

91.48 s 

69.52 t 

51.60 d 

28.31 tb 

27.17 tb 

22.12 q 

53.54 q 

174.39 s 

170.22 s 170.45 s 

169.59 s 169.55 s 

165.41 s 

91.38 s 

71.75 t 72.48 t 

51.02 d 51.07 d 

28.28 tb 

27.11 tb 

22.14 q 22.23 q 

53.53 q 

a, 67.8 MHz, b, Ihe signals my be reversible. 

Table 4. 'H NM3 spectral data [400 MFIs, 6m J(Hzf, J%X Gx-4001 

Protcn 

14-H 

9-H 

1 O-H 

S-H 

4-H 

12-H 

PNBb 

canparnd molvent) 

1 K$Of u K=.l3) 

179.62 s 172.80 s 

177.10 9 170.29 s 

175.55 5 170.04 s 

168.42 s 163.28 s 

156.19 s 151.86 s 

76.77 t 74.86 t 

55.73 d 52.60 d 

32.84 t 30.15 t 

23.56 t 21.03 t 

24.60 q 22.93 q 

52.74 q 

52.60 q 

51.88 q 

28 ff=,) 
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2.06(s) 2.06(s) 2.06(s) 

2.72(ckid, 4.0, 10.0, 18.1) 2_62(d&l, 4.7, 10.2, 17.9) 2.62(ddd, 5.0, 10.3, 17.8) 

;s9;l” . 2.93(&d, 8.3, 10.0, 2.86(&&d, 8.1, 10.0, 17.9) 2_86(ddd, 7.6, 10.0, 17.81 

fi409,& . 2.51(ddd, 8.3, 10.0, 2.47(ddd, 8.1, 10.2, 14.1) 2.47(&M, 7.6, 10.3, 14.0) 

&O&8 . 3.lOfddd, 4.0, 10.0, 3.18(&S, 4.7, 10.0, 14.1) 3.11(dzi, 5.0, 10.0, 14.0) 

4.19(dd 8.5 10.5) & 4.20 
(dd, 8.9, 9.6, 

4.12(&d, 8.4, 11.0) 4.08(&d, 8.3, 10.4) 

4.66 8 4.70(t, 8.5) 4.81(dd, 8.4, 8.5) 4.88(& 8.1, 8.3) 

S_OO(dd 8.5 
(dd, 8.5, 9.6, 

10.5) & 5.05 4,68(ddd, 4.9, 8.5, 11.0) 4.95(&d, 5.2, 8.1, 10.4) 

8.45(d, 8.1) (L S.Sl(d, 7_8ba 5.97(d, 4.9) 6.07(d, 5.2) 

a, in M9&d6, b, The sigmls at PNB groups are abbreviated. 

RiB group, 1 oould only bs obtained as the equilibrium mixture. TreaiJlBlt of 1 with methyl i&id3 

by a similar method afforded a pair of methyl esters (3A ard 3B). An equillbriun between the two 

form of these esters wa9 not ohsemed in aquems solutions and only degr&atkm pxcdmts were 

found. The 13c NMR spFctra.l data of 1, IsA, and 3B WAble 3) suggested the preseuoe of the follo4d.ng 

functional groups in 1 ; seryl, acetyl, ethylene, and quarternary carbon. Prom the coupling 

oonstant analysis of the ‘H NhR stxztnnn of U (Table 41, the signals at 4.68, 4.12, 4.81 and at 

2.62, 2.86, 2.47, 3.18 e wsre assigxxxl to the serins ~-O-CH2-CXUWPX-l and ethyleue (-CZ2-CS2-) 

moieties, wspectively. FJxm these fir&ngs, it was clarified that 1 was the equilibliun mixture of 

the epiIlK%rs. 

me physicoohemi cal and spsotral data for 1 and its esters are swmarizedinl&ble5. Dua 
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Table 5. Physicocbnical propxties of lactivicin and its ester derivstives 

M.P. 

[al, (c) 

SO1.a 

SI-MS: ml2 

Analysis 

w: &&WE) 

Sol. 

CD: [9l(rmr) 

Sol. 

IR:v_fKBr) 
-1 (an 1 

a,Ihevslwxi of specific optical rotations wee msasured at 23-25°C. 

Colorlesscryst. 

163-166"C(dec) 

+76.?"(0.62) 

QIc13 

287 (t&HI+ 

&lorless tryst. white pa*der 

180-181"c(&c) 

-112'(0.51) 

=13 

287 (M+H)* 

+97.3'(0.48) 

cHC13 

408 (M+H)+ 

=10H11N24m* 
0.5H20 

216(4050, sh1 

H2O 
1780, 1730, 
1660 

?lH14N2? 

216(3720, shj 

Mesx 

;EttI$::{ 

M&H 

1800, 1760, 
1750, 1650 

1815, 1805, 
m, 1740, 

C17H17N34 

214 1 
262 1 f 

MeoH 

1805, 1775, 
m;, 1680, 

-64.5"(0.50) 

cKc13 

408 (t&H)+ 

CI7H17N309 

1805, 1760, 
1680, 1610 

specific rotation of 1 had an intermediate value between methyl esters YL and 3B. ?he molecular 

fcmmlaofthee&.iumssltofl wasde~~fnmelgnentalaMlysesandSI~dataof~es~ 

derivatives to be C,oHl,N2~Na. 

Alksline and acidic hydrolyses gave clear results for ths structure detxxminatim. When 1 was 

Fig. 6 Degradation patterns of lactivicin 

N-Ac-D-cycfoserine 
7 

1 

I ’ “Lo’ - hytlirone 
2,4 Dlnltrophenyl- 

Hi or 

Cepholosporinose O 5 O 6 

tOOH 

11 
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hydrolyzed in 0.1N odium hydmxide, N-acetyl-Ztcycloserine (4) and a-ketoglutaric acid (5) were 

obtained as shaorn in Fig. 6. The latter was amverted into tbs 2,4-dinitropbsnylhydrarumdsriva- 

tive (6). lbe physi co-c&mica1 data for 4 were identical with those for the N-aostyl derivative (7) 

synthesized from D-cycloserine, except for the sign of the specific optical rotation. This 

degradation pattern clearly sho%ed that 1 has 3-isoxazolibsne and glutaric acid moieties and the 

linkageoccurs bet- ths nitrogen group in the ring of 4 and one of three carbonyl groups in 5. 

Upon treatment with a cation-exchan gs resin, Dcwex 50 W x 2R ( H+ type), 1 gave a tricarboxylic acid 

ccnpound (8) as ths single product, which was converted to a tri FNH ester (9) or a trimsthyl ester 

(10). In the 13C MUIR spectrum of 8 (Table 31, the quaternary carbcn signals at 6 96.44 and 96.28 in 

1 were absent but a new signal at 6 156.79 was m. The collapse of these chemical shifts 

strongly suggested ths fonssticn of an oxyimifuo group [i=N-D-I in 8, frana~carbon 

moiety [-&(-Crr)-4-j in 1 which was assun& frczn ths chemical shifts at 6 97.76 to 97.89 in the 

13C NMR spectra of cephabacins M,_6'). Hydrcgenolysis of 8 was carried out using a 10% palladium- 

carbon catalyst to clarify this assumption. The reaction gave DLrglutamic acid (11) and N-acetyl-L- 

serine (12) which was converted into a PNH derivative (13). These firdlngs shawed that in 8 the 

linkage occurs bstwsen the hydroxY group of the serins moiety and the amino group of the glutamic 

acid moiety. Fran the results of the degradation studies, the quarternary m should be the a- 

carbon of glutamic acid. The structure of 1 was finally deduced to bs 2-(4S-acetylsmino-3-o-2- 

isoxazolidinyl)-5-oxo-tetrahydrofuran-2-carboxylic acid (Fig. 1). 

Asmenticnsdabove, lexistedinaguecus solutions as an equilibriunmixture of two epimfz.5 in 

about a 1:l ratio. The ester derivatives of 1 were isolated as pure epimsrs and did not iscauarize in 

50% mathanol/O.tM P.B.(p# 3, 5, or 7) for 2 days at rcxrn temperature or in methanol when left for 1 

week at room temperature. In triethylaminelchloroform at room temperature, 3B reached an 

equilibrium of about 1:l after 22 hcurs. Treatsent of 1 with H2'80 at 4°C for 1.5 hours did not 

increase the molecular weight as detected by the SI-MS naasuresent. These data indicate that this 

typaofi- izationdoes not occur by hydrolytic cleavage of the lactcne group or by attack of the 

hydroxYlanicm at the C-6 position. The i sasarization rsschanism of the carboxYlates in the aqueous 

solutions and of the esters in the organic solvents can be explained by the formation of an 

imroniun cation as the intermediate (Fig. 7). Ihe carboxylate ccmpounds may attain equilibrium 

before deccmposition ocours in aqueous solutions, because the carboxY anicn stabilizes the irmkonium 

CatiOn.6' A~imilarmechanisnhasbeenreportedinthecaseofoxapenem.~) 

Fig. 7 Equilibrium mschanism of lactivicin 

LTV is an excellent starting material for chemical mcdificaticn (Fig. 8). LlVbsnsbydrYlester 

(14) synthesized by dipbenyldiazam+hane or diphenylmethyl branide could be deacetylated by the 

usual iminostber msthcd81 using phosphorms pentachloride, to afford an amino derivative (15). 

Treatment with trifluoroacetic acid/a&sole or h@ugan/lO% psllacli- todeprotect the 

carboxY blocking group produced 4-amine- lactivinic acid (4-A& 16). Preferential crystallizaticn 

of 16 from water afforded a single epimsr (16 A). Tbs -lute configuration at the C-6 prjition of 

16 A was determined as R by X-ray cqstallogra@ic anslysi~.~1 Another partially purified epimsr (16 

B) was obtained from 14 B in the mannerdescribedabnm.Qmpcpud16 was ccmvertedinto 1 by acetic 
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Fig. 8 hocedures of Q-am&w-lactivinic acid 

i)P%Py 

ii) MeOH 

0 iii)H+ 

) N-Acyl 

derivativer 

‘OCH Ph, bCHPh, 
15 

H+ Ph2CN2 

I 

Hq Pd-C 

1 

Ac20 

aq. NaHC03 

anhydride in 2% .9ulium bi- te. c!apxmd 15 was easily acylated ad deprdxted to give varicmi 

types of N-acyl derivative of 16. 

(P spectral studies gave impmtant informatim to determine the absolute ccmfiguratims at the C- 

6 position (Fig. 9). LTV and ita related carigrxnds, excluding the ester derivatives, e in 

abcut 1 :l ratios of their e&mars in acpexa solutions, wfiich seems to cause the cottan effects of 

y-l.actme mrkcnyl miety to offset each other. Thus, their Ul spectra dly reflect the y-lactam 

carbmyl moiety. llle bathochrmcic shifts my be due tc the N-2 sub&ituent effect, cm anparing the 

CDspactraof 1 and& l%e residual CD spectra obtained by subtracting the spectra of the mixture 

Fig. 9 CD spectral data of lactivlcin and related cmpamds f23-25T in water) 
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fmn those of the isolated epiixzs rr?y only reflect the y-la&xxx? cxbonylmaiety. The residual 

spectra of the A-type epimers had a p!XdtiVe Cotton effect at 217-219 nm and a Wgativs one at 248- 

250 nm. Those of the B-type epimers had typically opposite pattexns. CD spectral data in 

c&&n&ion with X-ray crystallographic analysis results showed the absolute axxfigurstic0s at the 

C-6 position to be R for tbe A-type epinvxs and S for the B-type one8. 

The#idlstructureoflfrantheacid~degrarpattheC-l3pxritiontotfie~lgroup 

at the C-11 position through the C-3 amide group including absolute configuration at the C-4 

position resembles the active site of the B-lactam antibiotics such as natural penicillins, 

cephalospxins,ornocardicins. This clearly accounts for ths biolcgical activities of t keing 

similar to those of &lactam antibiotics in spite of the absence of the B-lactam ring in the 

molecule. E&ymatic hydrolysis of 1 by cephalosporinsse resulted in cleavage at tbe y-la&am group 

togivecanpxlnd Eas withtha usualcqhalosporins. The hydrolysis rates of 1 by &la&amases were 

examinsdusingcephalosporinsses fran EWerobacter cloacae IF0 12937 and m aenqinosa U 

31, and a penicillinase fran Escherichia & 205 TFH R+(566). As &-YLMI in Fig. 10, the hydrolysis 

rates differed in the presence snd alxesxe of the cephalosporinsse fran FL closcae IF0 12937 at 4", -- 
25" and 37°C. These results showed that hydrolysis was not just a chemical reaction but an 

enzymatk reaction. In these experiments, the two isasars of 1 had different hydrolysis patterns. 

Asthe~aturewasdecreas~,tfredifferencebe~themhecamegreater,asequilibri~between 

thetwoisaners is attained slowly at low teqxxratures; the acquisition tirae for equilibrium at 4'C 

was about 20 hours. When a five-fold smxmt of enzyme was used at 4*C, 1B was hyrtrolyzed faster 

Fig. 10 Hydrolysis of lactivicin by cephalosporinase (E. closcae IF0 12937, 0.2 unit/ml) 

c----o l.activicin 

I 4*c -* tictlvlcln + CSsH 

OJ 
0 2 4 6 

Time (hr.) 

Fig. 11 ~y&olysis of lactivicin by cepkalogporinase (E. cloacae IF0 12937, 1.0 tit/d, 4°C) 

Time (hr.1 
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than 1A as shoxninPig. 11. The8am3resultshereobtaineduaing a cephalosporinase fran 5 

aeruginoaa U31 and a penicillinase frun E. e 205 TZ%f R+(566). Frcnl these findings, it was 

assumed that 1B is more similar to the B-la&am antibiotics than is 1A in the structural 

cxnformaticn of the active sites. when the crysta1confWnat1on of cX&EW&e'O) was overlapped, 

bythetechnigueof 3-dismnsional aqmiter graphics, with the calculated stable-anfonr&icns of 1A 

and lB, 1B was much more similar to cefmenoxime than was IA. These observations are in good 

agreeamntwiththeabaveassumption. 

I-ALAbenzhydryl (Hi) ester (15) was usedasthe startingnraterialinnkodificatian studiesof 1. 

Wcially available acyl chlorides were used in N,N&thylacetamide (IX&A) and dichlorarbzthane 

to acylate 15 (Method I). Free acids ware coupled with 15 in the presence of I-hydroxybenzotriazole 

(IiWl'1 and N,N'~~l~~~~~~ tDW in dimethylformamide (DMF) (Methcd II). Fannylaticrm. 

was achievedusing acetic-formic anhydride (Method III). The benzylo~yl(2)-glycyl derivative 

was prepzedby themixed anhydridemethcH usingsmthylchloroformate (Method IV). Ibe bmzhydryl 

(Bli) groupof acylated ccmpxlnds was renxred in the most cases by hydrogenolysis. The reactions 

warecarriedcutoverlO% palladium+a&on underahydrogenatanoepher e for abcut 50 minutes at rocm 

tsmperature (Method A). The carboxylgrurpof the DL-phenylmalonylside chainwas protected as a BB 

ester and thereafter it was also hydrcgenolyzed. DnderthesereactiCXlco&itions,the2group0f 

the amino acid side chain could not be removed and prolonged reaction tims led to deocqcsiticn. 

To cbtain non-protect& phenylglycyl derivatives, we c&se a pmethoxybenzyloxycarbonyl(MZ) group 

fortheprotecticnoftheaminogr~. DeprotseticnoftheMZandBHgrarFswerecarriedcxltbythe 

reaction using trifluoroacetic acid (Method B). To obtain effective derivatives for oral 

administration, N-acyl4-AIA pivaloyloqnethyl (PaMI esters were synthesizedby the treamt of the 

corresponding acid sodium salts with POM chloride. The physico-chemical properties of the 

derivatives syntbzsized are shown in Table 6. 

Table 7 shows the antibacterial activity of 1 and its derivatives. LTV was weakly active 

against Gram-positive and saneGram-negativebacteria in vitro. -- However, 1 showed relatively strong 

protective effects in experimentally infected mice. The ED58 values for administration by 

subcutaneous in$octicn were 25.4 rag/kg against Staphvlococcus aureus 308 A-l, 2.05 mgfkg against 

Streptococcus pyogenes E-14, and 71.0 mg/kg against Escherichia ooli O-111. The preliminary aate 

toxicities (ID501 of 1 in mice were about 400 @kg for subzutaneous administration and more than 

4000 n&kg for oral adninistration. Among the synthetic derivatives, N-phziylacetyl(23), N- 

phenoxyacetyl(26) and N-Z-glycyl(25) derivatives had clearly stronger & m antibacterial 

activities than 1. N-Phenylacetyl(23t and N-formyl(lPf derivatives sho+& greater protective 

effects against S. aureus 308 A-l. -- N-Benzoyl(211 , N-p-hydroxy-mandelyl(29), N-R-mandelyl(28) and 

N-Z-glycyl(25) derivatives had aliiost the same in vivo efficacy as 1. -- Althaqh the D-phenylglycyl 

group is known to be very effective as a side chain of semi-synthetic &la&am antibiotics, the 

co-g derivative (31) had no activity because of its instability in neutral and basic 

aguecus solutions. 

As 1 showed relatively strcng toxicity on parenteral administration, we tested the preliminary 

acute toxicities of the related ampcunds ofltodeterminewhichpartialstrudureshavethetoxic 

site. N-acetyl-L-cycloserine did not show any toxicity at a dose of 2,000 mg/kg (ip and se). 

w 8was less toxic than 1 when administered parenterally, LD50 500-1000 mgfkg, ip, and >2000 

mg/kg, SC. N-Phenylacetyl 4-ALA showed even less toxicity when adninistered parenterally, ID58 

1000-2000 mg/kg (ip and SC). Subcutaneous adninistratico of this ccqound and oral adninistration of 

its FCt4 ester shcwed alnret the sane protective effects in mice infected experimentally with S. - 

aureus 308 A-I, S.pyogenes E-14, and E.coli O-111 as shown in Table 8. Furthermore, the POM 

derivative had no acute toxicity at a dose of 10.0 g/kg by oral acfninistratiai. 

The findings described above gave a great inpact to synthesize lactivicin analogs. After 

establishment of synthesis for l"), syntheses of various kinds of 1612) and tricyclic penams or 

cephanm having a y-la&one ring13) have ti carried out. These Wrks suggest that it will be 

possible to synthesize more effective and less toxic lactivicin snalogs in the near future. 
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Table 6. physie& prcqerties of N-acyI Q-amino-lactivinic acid f* -1 

23 

24 

26 

MF.khcd& MOleWldK Analysis IRS& %iNMR: SppnJ(Hzf 

Yield fcxmuI.a Cakx3 E-a& (cm-') (90 or 100 MHZ, D201 

Nieotinyl 

Phenylacetyl 

Phenyl- 

m&XlYl* 

Phencxy- 

acetyl 

s-Marldelyl 

R-MaXklyl 

F-w- 

maix3alylf 

p-chlO~- 

mende1y1* 

R-Phmyl- 

Sww1 

IIIh 58 Cg$N&Na C, 37.38 37.58 l760 

1lf2H201 H, 3.49 3.92 1730 

N, 9.69 9.36 1670 

IA 40 C12H15N207Na C, 43.75 44.01 1790 

(2/5H20) H, 4.83 5.21 1730 

N, 8.50 8.51 1660 

IIA 25 C,,Hl,N~~ C, 39.89 39.77 1780 

(1/W20) H, 3.65 3.68 1730 

N, 8.46 8.50 1660 

IIA 30 CllH13N208Na C, 39.65 39.95 1795 

(1 /a?201 H, 4.23 4.37 1730 

N, 8.41 8.49 1660 

Ih 28 Cl5~1~~ C!, 50.57 50.54 1785 

H, 3.68 4.72 1730 

N‘ 7.86 6.74 1660 

IA 25 C,4H12N34Na C!, 45.31 45.90 1790 

( f /nr,o, H, 3.59 4.20 1730 

N, 11.47 11.11 1665 

IA 43 C,6~,5N~ C, 51.40 51.43 1790 

(1/5H2ot H, 4.15 4.58 1730 

N( 7.49 7.30 1660 

IIA 19 C17H14N20QNa2 C, 45.67 45.54 1790 

(315H20f H, 3.43 3.63 1730 

N, 6.27 6.49 1670 

I&i 29 C18HlgN309NB C, 46.86 47.14 1790 

W20) Ii, 4.37 4.42 1730 

N, 9.11 9.18 1670 

I& 43 C,6H,5N20$& C, 49.29 49.25 1790 

(1 /SH$) H, 3.98 4.43 1730 

N, 7.19 6.94 1665 

IIA 33 C,6H,5N20$a C!, 48.62 48.46 1785 

tllur20) H, 4.08 4.28 1730 

NI 7.09 7.22 1670 

fIA 21 C~6H,5N~8Na C, 48.39 48.46 1785 

(315H20) H, 4.11 4.28 1730 

N, 7.05 1.22 1665 

IIA 29 C,6Hr5N20QNa C, 46.72 46.50 1790 

(ll2H20) H, 3.92 4.03 1730 

N, 6.81 6.82 1660 

1I.A 28 C,6H14N~~l C, 44.72 44.76 1780 

Na(lDH20) H, 3.52 3.54 1730 

N, 6.52 6.69 1660 

IIB 43 Ct6H,7N307 C, 51.86 52.10 1790 

(21SH20) H, 4.84 5.10 1730 

N, 11.34 11.48 1670 

2.4-3.4(4H,m), 4.1-4.4(1&m), 

4.6-4.9(l~,m), 5.0-5.311H,m), 

8.22(lH,s) 

0_94(3W,t,J=7), l-64(2&==- 

3x71, 2_32f2H,t,J=7), 2-4-3-4 

(2&m), 4.22(1H,mf, 4-5-5-3 

1.59, 2.49fkka.L 3H, S)r 2.4- 

3.3(4H,m), 4.30(1H,m), 4.76 

(lH,m), S.ll(lH,mf 

1_40(3H,d,J=7), 2.3-3.4(4HIm), 

4.2-4.512&m), 4.6-5.3(2H,m) 

2.4-3,3(4H,m), 4-1-5-6(3&m), 

7.4-7.9(5H,m) 

2.4-3,4(4H,m), 4.2-5.5(3&m), 

7,59(1H,dd,J=8,5), 8.24(1H,dt, 

J=8,2), 8.72(1H,br.d,J=5), 

8.92(1H,br,s) 

2,3-3.3(4H,ml, 3-69(2&s), 

4.18(1H,m), 4.5-5.3(2%m), 

7_38(5~,m) 

2.4-3_4(4H,m), 4-L5.313%m), 

4‘6~(lH,S)~ 7*41(5&s) 

2,3-3.4(4&m), 3.8~5.2(3R,ml, 

3.91(2~,.9), 5_17t2H,s), 7.45 

(5H,s) 

2.1-3,2(4H,m), 3.7~5.2(3H,mf, 

4_54(2H,s), 7.00(3H,s), 7.31 

(2&m), 8.67, 8.85(1H,df 

2.3-3,3(4H,m), 4.28(lH,t,J=91, 

4,5-5,3(2&m), 5.29(1H,s), 

7,50(5H,s) 

2.4-3.3(4H,m)~ 4‘23(1R,t,J=Qf, 

4.5-5.3(2H,mk, 5.25ffH,s), 

?.SO(SH,s) 

2.3-3.4(4H,m), 4.1-4.5tW,mI, 

4.5-5.3(W,m), 5.20,5.22Ce~h 

O.SH,sf, 6,9712H,d,.J=8t, 7.38, 

7.40(each lH,d) 

2.3-3.3(4H,mI, 4.1-5.3(3&m), 

5.25, 5.28(eaCh 0.5H,s), 

7‘49(4B,S) 

2.3-3.3fQH,m), 3.9-5.313&m), 

5,25(lH,sf, 7.4-7.7(5H,m) 





Table 8. Proteotiveeffeotsof laotivicinanfkl~s ininfeotedmioe 

Antibiotic I w=@ Mxc Q.l+u =)50 hdwa 

Iaotivicin Wa) s. aureus 308A-1 -- 
S.lyogmWsE14 

EL ooli o-111 -- 

N-Phenylaoetyl-4AI.A (Ns) s. auxeus 308A-1 

S.v E-14 

E. ooli C-111 

N-Pbenylaoetyl-4 
pivaIoyloxymetbylester 

S. aureus 308A-1 

S. Pyoqmes E-14 

E. c0li O-111 -- 

25 25.4 (so) 

1.56 2.05 (SC) 

50 71.0 (so) 

0.78 21.1 tsc1 

CO.1 0.65 (so) 

3.13 17.7 (SC) 

17.7 (PO1 

1.39 (pof 

40.4 (PO) 

a, Intrapsrikmealinfeotion. 

l'he speoific optical rotations, NV and CD (JAsco J-ZOA with DP-501N1 spectra wsre measured at 23- 

25"Cinwater unIessotbemAse stateA IheIHspeotrawerenmafiuredinKBrpsllets. Thedvaluea 

in the 'H NMH (90 MHz1 spectra were recorded in pgnn downfield from TMS using a Varian EM-390 

speokxeterunkssoth~sestated. !Ihe SI-mass spstxa (KS1 wxe measured with a Hitachi M-80 A 

mass spedrmrater with xencmicmbeam suaroe. Ihe samples were suspsndadin glycerol. 

Isolatianof 1: IkouIturebrothofF& kAamgen us m-258 was filtered at kelow 5°C thrcqb Hyflo- -- 

Super CelH" The filtrate (4360 liters) was lo&& onto a oolmm of Amberlite IHTG~O~ (Cl- type, 

400 liters) and the active substance was eluted with 2% NaCI (2000 liters). The eluste was applied 

to activated oarkon ohranatograpby (160 liters) eIuting with 8% is0-IWOH (1640 liters). Ihe eluate 

was ohrcmatxqrapbsd on IHA-68H (Cl- type, 40 liters) and active fraotkns ware eluted with 1% NsCl 

(2000 Liters). The eIuate was desalted with aotivated oarixm (80 liters) and amoentrated. +iTie 

oormentrate was lyophilized to give a pcwder containing 57% of 1 (620 gl. The pm&x (5 g) was 

dissolved in water, loaded onto QUGSephadexH (Cl- type, 200 RI) and eluted with 0.03M NaCl. The 

active fractions were desaltedwith activated carbon (500 ml), 0onoentrated and freeze-dried to give 

the scdium sakof 1 (2.5 g) as a white powder. 

p-Nitrobenrylation of 1 (Ur and 2B): ‘Do a soluticm of 1 (400 I@ In CMF (4 ml) was add&i EX3N (0.1 ----- 

fnlt andp-ni trobensyI branide (800 mg). Ihe resulting solution was stirred for 3 h0urs at roun 

teqerature. l&s reaoticm mixture was diluted with AoOEX, wasbed with O.OlM P.B.(pH 6.3) and water, 

evap0rated and treated with AdlM-petr0l~benrinto give a mixture Of Y&and 2B. CWUnat0grspby 

on &phadex I&20H, using AaXt-MeCH (19:l) as an eluant, gave 2A (105 I@, 28 (67 mgl and a mixture 

(280 mg). 

Metbylation of t (3Aand 3B): I0 a solution of the sodium salt of 1 (2.0 gl in WF (10 mll was added ----- 
Me1 (0.8 ml) andthemixturewas stirred for 5 hours at roan txxapsrature- lbe concentrated residue 

was suspemdadinwater andextradjedwitb AoGBt and CH2C12. The 0rgsniclayer was axiamtrated and 

pulverized frcui AcCBk-ether to give 3 (1.36 9). Tbe mixture (1.0 gf we8 obrrmstqrapbed 0n silica 

gel (50 g) using CHCI3-MsCH (5O:l to 2O:l) as a dsveloping solvent. Thepurefraoticmsoontaining 

3Bwere amcxmtrated and then cr.ystalIized fran A&Et tx give 3B (81 sq) as colorless crystals. The 

fraotionscx&aining 3Awere amoentrated am3 orystallized frun EtCH-etber to givs U (277 mg) as 

oolork3s orystals* Ihepurity of this ssqlewas 85 % by HPIL A mixture of 3A and 3Bn, also 

obtained (246 q). 
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Alkaline hydrolysis of 1 LM): A solution of 1 (1.0 g) in O.lN NaCU (48 ml) was stirred for 2 hours _- 
at roczn temperature. After addition of O.lN NacH (7 ml.), the solution was stirred for a further 1 

ha~atrocmtemperature. The reacticnmixture was diluted With water (250 ml) and chrunatogr~ 

on QrSsephadex A-25R (AcS type, 100 mI) using 0.02-0.03M A@XH4 as the eluant. The fractions 

giving a single peakby HPICwerecoIlectedandpassedthrough Dckvex 50Wx ZR (SO-100 mesh, H+ type, 

150 ml). The effluent was concentratedand freeze-dried togive 4 (280 mg) as a white powder. An 

analytical sample was obtained by cry&al.lization fran EUXi, mp 174-175'C (dec), la], -7O.l"(c 

0.50). SI-MS: m/z 145 (M+H)+, W : 225 run (~3700)‘ IR: 1710, 1665, 1565 an-', 'H MR (lMSD+): 6 

1.83 (3~, s), 3.87 (lH, CM, J=8, Y), 4.46 (lH, t, J=B), 4.72 (lH, m), 8.35 (lH, d, J=7), 11.3 (lfi, 

br). Anal. Calod. for C5H8N203: C!, 41.67; Ii, 5.59; N, 19.44; 0, 33.30. Faind: C, 41.73; H, 5.56; N, 

19.16. 

A ~01~ti~n of 1 (1.0 g) in O.lN Na0H (42 ml) was stirred for 1 hour at = temperature. After 

addition of O.lN NaCSi (10 ml), the solution was again stirred for 1 ban at roCm tenparature. The 

resctionmixturewas adjusted to pH 7.6, concantratedand freeze-dried to give cnde 5 as a pbxler 

(1.17 g). To a solution of crude 5 (390 mg) in 95% EtOH (10 ml) was added 2,4-dinitrophenyl 

hydrazine (400 mg) in H3W4-E&Xi (3:2, 8 mi). The resulting solution was allowed to stand for 30 

min at room tempsrature and was then concentrated. The concentrate was diluted with H20 and 

ext.ractedwithAcOEt. Theorganiclayerwes extract&with 2% NaHC03. After adjustment to PH 1.5, 
theaguecuslayerwasre-extractedwithAcQEt. Iheextradwaswashedwithbrineandcon~trated 

to afford 6 as a white pcx&.r (180 mg). An analytical sample was obtained by crystallization fran 

A&XX-Et20, mp 215-216*C t&c). IR: 1720, 1620, 1500, 1410, 1340 an-', ’ H NMR (CD300): 6 2.70 (M, 

m), 2.97 (2H, m), 8.08 (lH, d, J=9), 8.36 (lH, dd, J=3,9), 9.00 (lH, d, J=3). Anal. Qlad. for 

c~,H~~N~o~: c, 40.50; H, 3.09; N, 17.17; 0, 39.24. Found: C, 40.29; H, 2.81; N, 17.12. The 

physico-chemical data were identical with those of the authentic sample, synthesized from a- 

ketxqlutaric acid. 

Acid hydrolysis of 1 (a): A solution of 1 (400 mg) in H20 (100 ml.) was passed thra& Dowex SOW x 9 -- 

(50-100 mesh, H+ type, 40 ml). The effluent was cxmcentratsd and freeze-driedtogive 8 as a white 

pMkr (396 try), [a)D +17.3*(c 0.52). SI-MS: m/z 291 fM+Hf+, W: 220 nm (~5,300, sh), IR: 1735, 

1625, 1545 CR-', ' H NMR (400 MHZ, D,O): 6 2.05 (3H, s), 2.63 (2H, t, J=7.3), 2.81 (2H, t, J=7.3), 

4.60 (2H, d, J=4.9), 4.77 (lH, t, J=4.9). Anal. CalaL for C10H14N208: C, 41.38; H, 4.86; N, 9.65; 

0, 44.11. Found: C, 41.51; H, 4.96; N, 9.24. 

p-Nitrcbenzylation of 8 (9): To a solution of 8 (100 mgl in CMF (5 ml) were added Et3N (100 1.11) and -...-- 
p-nitrcbanzylbrcrnide (300 mg) and the mixture was stirred for 5 hours at rcun temperature. Ihe 

reacticnmixture was dilutadwith AcOEX, washedwithwater and then concentrated. The residue was 

treat& with petroleum benzins to give crude 9 (200 zg). This was btcgraphed cn silica gel (20 

g) using CX!13:MecH (49:l) as tha eluant. * pure fracticns were ccncentrated to afford 9 as a 

hygroeic powder (170 nq), (a), -9.6"(c 0.50, CHCl3). W (CX3(N): 214 nm (z27,600), 266 nm 

(31,600), IR: 1745, 1685, 1610, 1525 an-', ' H NMR (400 MHz, CDC13): 6 2.01 (3H, s), 2.65 (2H, t, 

J=7.1), 2.81 (lH, dt, J=13.8, 7.1), 2.88 (lH, dt, J=l3.8, 7.1), 4.58 (lH, dd, J=3,3, 11.7), 4.75 

(‘IH, ~33, J=3.3, 11.7), 4.95 (lo, dt, ~=8.1, 3.3), 6.65 (lH, d, J=8.1) and FWB signals. Anal. CaIcd 

for C31H2~5014.1/21i20: C, 52.84; H, 4.29; N, 9.94; 0, 32.93. Found: C, 52.99; H, 4.22; N, 9.82. 

&&hyl.aticn of 8 (10): To a solutiat of 8 (150 nq) in Meohi (5 ml) was added a solution of CH2N2/n20 -- 
and the mixture was allowed to stand for 30 min at r0cm tenmratum. After ccncentration, the 

residue was diluted with 2% N~HCO~ (30 ml) and extracted with AcoEt (60 ml). Ihe extract ~a9 washed 

with water and concentrated to give 10 as a white powder (167 rag). An analytical sample was 

crystallized fmn Et20, mp 81-82'%, [a)D +56.O"(c 0.51, ClKX3). W (M&if: 223 nn(&8800), IR: 1745, 

1735, 1650, 1555 an-', ' H NM? (ax13): 6 2.05 (3H, s), 2.55 (nt, m), 2.82 (2H, m), 3.65 (3H, s), 

3.75 (3H, s), 3.82 (3H, s), 4.47 (lH, dd, J=3, 12), 4.70 (lH, da, 3~3, 12), 4.07 (lH, m), 6.73 (lh, 

d, J=8). Anal. Cal& for cl~2~208: C, 46.99: H, 6.07; N, 8.43; 0, 38.52. Found: C, 46.92; W, 
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Deacetylaticn of 14 (15): lb a suspensi~ of 14 (657 nq) in Ui2C12 (60 ml) were aMed pyridine (I.46 --- 
ml) and FC$ (936 mgf at -20°C as@ the solution was stirred for SO min at -IS"- lO*C. After coding 

to -4O'%, MeQf (9 ml) was a&&d to the reacticm mixture and the soluticn wss stiti for 30 min at - 

15"- -10°C and for 1 hour at rcxxn temperature. 'lb the react&n mtxture was added N Hcl (30 ml) and 

the solution was stirred for 45 min at room tmpfxature. Afteradjl_&mf!ntto pH 7.9, the reactian 

mixturewasdilutedwithwater, extractedwithCXp2 andtheextractwas amcentrakd. llxeresick~s 

wss treatd with Et20 to give 15 (506 I&, [aID -15.2"(c 0.50, CHC13). W (Me&Xi): 220 nm (fA3,300), 

250-260 (1,300), IR: 1800, 1780, 1740, 1600 an-', ' H NMR fCXl3): 6 2.2-3.5 (4H, ml, 3.7-4.0 (W, 

m), 4.4-4.6 (1H, m), 6.97 (lH, s), 7.2-7.4 (IOH, m). Anal. C&cd. for C2lH2$3206: C, 63.63; H, 

5.09; NI 7.07; 0, 24.21. Found: C, 63.63: H, 5.05; N, 7.02. 

The oxqpxds 15 A (340 mg) and 15 B (200 sg) wsre prepared in the same way as described abwe 

fran 14 A (657 IIKJ) and 14 B (657 rip), respxtively. 15 A: [al, +30.8"(c 0.50, CXC13). W NiXi): 

218 nm (&13,700), 250-260 (1,3001, IR: 1800, 1765; 1740, 1600 an-', ' H MIR (cDc13):62.2-3.5 (6H, m, 

2H disappeared after additicm of D,O), 3.6-4.1 (2H, m), 4.3-4.6 (lH, ml, 6.97 (lH, sl, 7.2-7.3 flOH, 

m). -1. Cald. for C21H20N206: C, 63.63; H, 5.09; N, 7.07; 0, 24.22. Found: C, 62.97; H, 4.87: 

N, 6.68. 15 B: [al, -37.4"(c 0.50, CHCl3). w (M&xi) : 218 nm (~14,300), 250-260 (1,40Of, 1R:V 

1800, 1770, 1735, 1600 an-', ' H NMR fCIXX3): 6 2.2-3.5 (6H, m, 2H dim after addition of 

D20), 3.6-4.1 (ZH, m), 4.3-4.6 (lH, m), 6.97 (lH, s), 7.2-7.3 (lOH, m). And. Qlcd for C21ii2ON206: 

C, 63.63; H, 5.09; N, 7.07; 0, 24.22. F'xnuxd: C, 63.24; H, 5.09; N, 6.92. 

Deb;nzhy&ationof15(16):Tba -- suspsnsion of 15 (396 IKJ) in C?i2C12 (10 ml) wsre a&led anisole (434 

~1) and m3m (924 pl) at -20°C a133 the solution was stirred for 40 min at -2O"- -1O'C. l?xe 

reationmixture was diluted with cH2C12 (100 ml) and extracted with O.lH P.B.(pH 7.3, 100 ml). I?ae 

aqueous layer was cxxxentrated andadjusted to pH 6.0. The solution was chrcmatographed on carb+i 

(SO ml) using 8% iso-EMX as the eluant. lk fractions were concentrated ad freeze-dried to give 

16 as a white w (143 q), [al, -fl'(c 0.1). FD-MS: 231 (M+H)*, W: 221 XEI (E3,700), IR: 1800, 

1760, 1740, 1670, 1580 an-', ' H NMR (400 MHz, D,O): 6 2.52 (IH, m), 2.72 (lH, m), 2.91 (lH, ml, 3.08 

(lH, III), 4.35 (lH, m), 4.56 (lH, m), 4.80 flH, m). AMl. Calcd. for C8RloN206 .1/2H20: C, 40.17; R, 

4.64; N, 11.71; 0, 43.48. Found: C, 40.42; H, 4.36; N, 11.65. 

when 16 was crystalized fran water, 16 A was obtaiwd as c010rless needles, mp 177-181aCf~)~ 

[al, +124"(c 0.1). W: 221 tnn (~3,500), IR: 1800, 1735, 1660, 1580 an-', 'H MrlR (400 MHz, D,O,: 6 

2.52 (IN, m), 2.72 (In, m), 2.91 flH, ml, 3.08 (lH, m), 4.34 (lH, m), 4.55 (lb m), 4.78 (lH, m). 

AMY. Cal& for C8H10N206: C, 41.75; H, 4.38; N, 12.17; 0, 41.71. Found: C, 41.57; H, 4.39; N, 

12.11. 

The canpxud 15 B (180 mg) wss hydrqensted over 10% W-C (90 mg) in THF:H20 (l:l, 18 ml). The 

cat&y&was filteredoff andthe filtratewssviashedwith Et20. The aqueous layer was Dtrated 

and freeze-dried to give 16 B as a white pcdx (77 mg), [al, -97Yc 0.2). The purity of 16 B - 

80% by HPIL!. W: 221 nm (&3,200), IR: 1800, 1760, 1670, 1570 cd, 'H bMR (400 MHZ, D20): 6 2.52 

fly, m), 2.72 (lH, m), 2.90 (In, m), 3.08 flH, m), 4.44 (lH, m), 4.68 (lR, ml, 4.86 ilH, m). 

N- Acylatifxi: 

~etkd I: ?b a suspsnsian of the smi~ derivative 15 (1.0 g, 2.53 nmolef in CH2Cl2 120 ml) ware 

added r~ (1.0 ml, 10.8 mnole) and n-butyryl chloride (265 ~1, 2.53 mnole) and the mixture was 

stirred for 30 min at 0°C. Into the reactian mixture was added CH2C12 (200 d) and the 0-c layer 

was washed with 2% NaKD3 am3 concentrated to give N-n-butyryl 4-ALA EM ester (860 mg) as a white 

m 

Method II: ~YI a suspension of 15 (1.5 g, 3.79 km&e) in PIF (15 ml) were added H[)BT 1525 mg, 3.89 

mrole), Mz-D-phenylglycine (1.20 g, 3.81 mnole) and DCC (792 IT& 3.84 nmolel. Thereacticnmixture 

was stirred for 30 min at 0°C and then axcentrateii. The residue wsa suspenkd in A&St (75 ml) and 

the precipitate was filter& off. The filtrate was wsshed with O.lN HC1 and 5% -3. The Organic 

layer was axicentrated and chrcms~aphea on silica gel. Elution with AcLEt-hexane (1:l) gave N-D- 

phenylglycyl O-ALA BH ester (1.77 gt as a white pswder. 
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W&hod III: rr, a eolutico of 15 (800 mg, 2.02 male) in at2C12 (40 ml) wzre eMed pyridine (1.60 

ml, 19.8 nDle) and acetic-formic enhydride (1.0 ml). The reectiDn mixture was stirred for 1.5 

hcursatO"CandwashedwithNHCl.and2%NaHCX$. Theeolutianwasdriedand amcentrabzd to give 

N-formyl 4-M SK ester (720 ?ql as a white poWaer. 

t&thcd N: ma soluticn of ~~l~o~f~~ 1196 ~1, 2.54 nm&e) in lFiF (20 ml), -led to 

-lO"C, wae added dxxqiee a soln of z-glycine (531 ark, 2.54 us&e) and Ec3N (357 1.11, 2.56 nololef in 

lXF' (10 ml) during 20 min. Then, 15 (1.0 g, 2-53 mnole) sqxnded in THr? (20 ml) was added slowly. 

The reacticn mixture was stirred for 2 hr at -10°C. After coocenttcticzn, the residue was dissolved 

in AcXEt (100 ml) and washed with O.lN i&Xl arx.I 5% NaHCEJ3. The eolutionwes dried and -centrated 

to give N-Z-glycyl ~-ALA ESi ester (1.24 g) as a white pcMer. 

Depl?&Etionof BH ester --- 
Method A: A solution of N-n-butyryl 4-ALA EM ester (760 mg, 1.68 mle) in 'llii? (30 ml) and O.lM 

P.B. (pH 7.5, 20 ml) was hydrogwt& over 10% Pd-C (760 mg) under a i@rxq~ abxphere for 50 min 

at xxxn teqxxature. The filtered reactionmixturewas oc#centrate%ItorenKWe ?xlF and washed with 

ether. The aguecus layer was deea&& with LXeion HP-20 (100 ml) and freezedr ied to give N-n- 

butyryl4-ALAsaiiumsalt (295mgf asawhitepcW3er. 

Methcd B: lb a solution of N-D-phenylglycyl 4-ALh BH ester (1.0 g, 1.44 nm~le) in Q.'2Cl2 (SO ml) 

wz?+y? added anisole (940 ~1, 8.65 mle) and trifluoroacetic acid (2.0 ml, 26 n-a&e) and the reaction 

mixture was stirr& for 6.5 haus at -10°C. l'be reaction mixture was extract& with O.lM P.B. (pH 

7.3, 250 ml) and the aqueous layer was adjusted to #I 5.3. l&e solution was desalted with HP-20 and 

freeze-dried to give N-D-pbenylglycyl I-ALA sodium salt (410 q) as a white pw&?r. 

N-Fhenylacetyl 4-m POM eater: To a solution of N-mylacetyl 4-W sodium salt (3.5 g, 9.46 ml) --- 
in LMF (10 ml) was added pivaloyloxymethyl chloride (2.73 ml, 18.9 ml). The reactim mixture was 

stirred for 22 hours atrccxntempxature and then anxentiated. The residue was diluted with EtOAc 

(200 ml) and washed with water. The solution was dried and concentrated. The residue was 

pulverized fran n-hexane to give N-phemylacetyl 4-m PCM ester (3.5 9) aS a white w. IRt 

1785, 1750, 1660 cm-', EI-MS: m/z 462 (ti), lH NMR (C.lx13): 6 1.20 (SH, sf, 2.2-3.4 (4H, m!, 3.60 

(ZH, s), 3.8-4.2 (lo, m), 4.5-5.0 (2H, m), 5.82 (ZH, s), 6.0-6.3 (1H, ml, 7.30 (5S, m) ppn. An& 

Qlod. for ~2H26N20g: C, 57.14; H, 5.67; N, 6.06. found: C, 56.98; H, 5.73; N 6.12. 

We are grateful to Dr. H. Okazaki in this Divisicm for their emxuragement thxc@cutthis work 

and to Dr. S. Chibs in this Dfvisian for acute toxicity tests. W are also due to the members 

of the large-ecalepra&cticx~ and physical analysis sections for their support. 
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