
P-Lactams. XI. Synthesis of N-phosphorylated mono- and bicyclic p-lactams' 
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GEORGE JLIST, DENISE D L I C ~ ~ T .  and WIII-YLI LICI. Can. J. Chem. 61, 1730 (1983). 
Starting from appropsiatcly substitutctl n~onocyclic p-lactam. N-pl~osl~l~o~.yl;~tctI I I ~ C ) I I ~ -  ant1 bicyclic p-lactams have bccn 

synthcsized. 
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GEORGE JUST. DENISE DLIG,\T ct W ~ I I - Y U  LIU. Can. J. Chem. 61, 1730 (1983). 
Des p-lactarnes mono- ct bicycliques N-phosphosylCs ont CtC synth6tisCs i~ pastir tlc p-lactamcs monocyclitlucs. 

Some time ago ( 3 ,  3). we postulntetl that the ring strain of 
penicillins ant1 cephalosporins, which seems to be responsible 
for the high frequency of p-lactam ir absorption and hence also 
for their chemical and biological reactivity. may he replaced by 
electronic activation. and that properly activatctl rnonocyclic 
p-lactams should possess antibacterial i l~tivity. AS P;II-t ol'this 
continuing program, we described the synthcsis of bicyclic 
p-lactam 5. in which the p-lactam nitrogen is directly attached 
to a phosphate. Because of the importance of the recently 
described N-s~~lfatcd monobactams (4). wc also describe the 
synthesis of N-phosphorylated rnonobnct;ums 211, and 24b 
using methodology developed for the preparation of 5 .  

Phenyl cyclophosphoramidate l o  was treatetl with ethyl mal- 
onyl chloride ( 5 )  to give 211 in excellent yicld (6) .  Amide 20 
underwent base catalyzed diazo exchange with p-toluene- 
sulfonyl azide ( 7 )  to afford 311. We next attempted to form the 
p-lactanl 411 by a carbene insertion reaction, a method pio- 
neered by Corey and Felix ( 8 )  and extensively applied by Lowe 
and co-workers (9)  to the synthesis cf a variety of bicyclic 
p-lactams. Irradiation of the a-diazo-arnitle 311 at 0°C in carbon 
tetrachloride using a Rayonet photochemical reactor. with 
maximum output at 350 nik.  led to a complicatetl reaction 
mixture. The infrared spectrum ditl not show any diazo 01- 

p-lactam absorptions at 2200 01- -1750 cm-I. respectively. 
Using flash chromatography. one of the less polar spots iso- 
lated proved to be phenol. Since phenol absorbs in the ultra- 
violet spectrum at 210 m k  and 370 m k ,  we suspected that i t  

might interfere ~ j i t h  the carbene insertion ~.eaction untler the 
photolysis contlition. We therefore tlecitletl to replncc the phen- 
oxy moiety by a trichloroctl~yl gro~111. This protecting g1.0~1~ c;ln 
bc rcmovetl in the presence of a p-luctanl ( 10). ant1 S I I O L I I ~  not 
absorb light. 

Addition of 3-amino-I-propa~~ol ant1 tricthylaminc to tri- 
chloroethyl t l i c l~ lorop l~osp l~~~tc .  preparetl i11 .sii~r by reaction of 
trichlorocthyl alcohol and triethylanline with ~ I I O S ~ ~ O ~ L I S  oxy- 
chloride. afforded the ~ y ~ l o p h ~ ~ p h ~ r i ~ ~ ~ ~ i d i ~ t ~  11,. in 93% yicltl. 
after flash chromatogrupl~y . I t  was couplecl. as bet'orc, with 
ethyl ~nalonyl chloritlc to give amitlc 21,. I'hc tliazo conlpound 
3b was o11t;iinctl in n manner analogous to that of its corrc- 
spontling phenyl tlerivative 311. 

lrratliation as describetl before, or trcatnlcnt with copper in 
toluene or rhodium acetate in ~ncthylcnc chloride ( I  I ). gave a 
mixture of protlucts which were not itlentif'ietl. 

In a second. more successful series ol' reactions. alcohol 711 
(12)  was transformctl to its tetrahydropyranyl ctlicl- 7b ( 1 3 ) .  
Reaction of 71, with 11-butyllithium at -7X°C in tlry tctra- 
hydrofuran, li)llowctl by addition of tliphenylchlo~~opl~osphatc, 
gave the reactive tliphenyll)ho~ph~~i~~~~itIi~tc 9 in 80'% yield. 
Deprotcction with pyritlinil~m 11-tolucncsulfonatc ( 1 3 )  gave 
alcohol 1 I. clearly charnctcrizetl by its nmr spectrum. 

Reaction of diphenylphosphoramidate 1 1  with nnhytlro~~s 
cesium fluoritlc' in ier.1-hutanol gave the cyclizctl p-lact;um 5.  
in 20% yield. along with phenol ant1 p-lactum 13. us the sole 
side products that could be isolatecl. Attempts to improve the 
yield of the reaction ant1 to elinlinatc the side product 13 were 

l o  R = P h  2tr X = Hz. R = Ph 4tr Y = COOEt. R = Ph 
l b  R = CH,-CCI, 2b X = H,, R = CH,-CCI, 417 Y = COOEt, R = CH,-CCI, 

3cr X = Nz. R = Ph 5 Y = H . R = P h  
3b X = Nz. K = CHI-CCI, 

/ 

6  12 = I ,  t1 R = H, b R = THP 8 11 = I ,  R = THP 
7 11 = 2, a  R = H, b R = THP 9 II = 2. R = THP 

10 II = 1 . R  = H 
1 1  11 = 2 ,  R = H 

'~bstractcd in past from ref. I .  
'Rcfercnce 14; also unpublished results of Dr. Ogilvic's laboratory. McGill Univcssity. 
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.II~S-I- ~ l '  A L .  1731 

in vain. This sufgcstccl that pcrliaps thc p-lactam nitrogcn was 
in part acting as thc leaving group. during treatment with CsF. 
instcucl of the phcnoxitlc union. 

Both stri~ctnrcs 5 and 13 wcrc proven hy 200 MHz ' H  nmr 
spectra ancl by mass spectrometry. which showctl ~r r / r ' s  tluc to 
loss of ketone. I n  ;~tltlition. monocyclic Ij-lactam 13 was prc- 
parc~l  by reaction ol'alcohol 711 with tl~l~licnylchlorophospli~~tc. 
Attempts to hytll~olyzc thi\ material to the [rcc pliospho~ic acid 
t'ailccl. 

Whcn this sequence was repeated using alcohol 611 (611 + 
611 + 8 i. 10 i. 11 i. 12).  obtninccl hy sodiirm borohydride 
reduction of 4-c;1rbot>enzyloxy~1zetitlinonc kintlly proviclcd by 
Dr. Christensen. Mcrck Laboratories, n o  bicyclic lower liomo- 
log corresponding to 5 was obtained. ant1 only monocyclic 
diplienylpliosphate 12 was isolatecl. The latter was itlcntical to 
12. prcparetl I'rom alcohol 6rr uncl diplicny lcl i lorophosphe.  

The formation of monocyclic Ij-lactam. altlioi~gh concep- 
tually siniplc. was fraught with experimental tlifficulties tlue to 
the acid-labrlity of the N-P bond. Ij-Lnctam 16. prcp;~rcd by . ~ 

adaptation of known procetlures ( I S )  via the sequence 14 + 

15 + 16, was phosphorylated with dibenzylchlorophosphate 
in a manner similar to that described before. Catalytic hydro- 
genolysis of dibenzylphosphnte 170 in mctlianol over Pd/C at 
I ntm gave after I h the phosphoric acid 170 which was char- 
actcrized by conversion to its dimethylester 17c using tliazo- 
methane. Deblocking ol'the t-BOC group of 17rr under a vari- 
ety of acidic conditions clid not lead to the expected amine 18. 
Instead, either N-P bond cleavage (tritluoroacetic acid (16)) ,  
or opening of the p-lactani ring (17-toluenesulfonic acicl, ethyl 
acetate ( 17)) was observed. 

Therefore, 16 was hydrolyzed in trifluoroacetic acid ( 16) at 
0°C to the animonium salt 19. Reaction of 19 with phenylacetyl 
chloride (18)  gave P-lactani umide 20. Formation of a mono 
anion by means of butyllithiirm at -78°C. followed by addition 
of dibenzylchlorophospliate. gave phosphorylated p-lactam 
21lr. Catalytic debenzylation using 10'2. Pd/C in methanol 
gave the phosphoric acid 210 which could be characterized. as 
was acid 170, by conversion to its methyl ester 2 1 ~ .  

Similarly. compound 19 was transformed in phosphoric acid 
25b in the following manner. First, reaction of 19 with the 

14 Z = OBn 
15 Z = OH 
16 Z = H  

appropriate acid 22 ( 19) was carried out in THF/CH,C12, using 
N-ethoxycarbonyl-2-ethoxy- I ,2-diliytlroqi~inoline (EEDQ) (20)  
as coirpling agent. Deblocking of the trityl group by formic acid 
in a niethanolic solution led, alter I h retluxing, to p-lactani 24 
in 83% yield. The dibenzylphosphate 25rr, isolated by phos- 
phorylation of 24 as described before. was hydrogenolyzed 
under two different conditions. both requiring long reaction 
times. Thus, under the first set cf conditions. previously used 
(10% Pd/C. hydrogen at I atm. methanol), debenzylation 
gave, after 10 h, the phosphoric acid 256 which could be 
isolated as free acid or as its triethylamine salt 25rl. Under the 

second set of conditions (hydrogen at I atm. I equiv. of  
KHCO? in THF-ethanol-water (ref. 21)) .  hydrogenolysis 
provided after 6 h the corresponding monopotassiurn salt 25e. 

All compounds reported gave good, interpretable nmr and 
mass spectra except for 25a,  25b, and 25c,  where mass spectra 
could not be interpreted. 

None of the N-phosphates tested had notable antibacterial 
activity when compared to Squibb's monobactani S Q  26.776 or  
piperacillin. 

In view of the extensive work of the Squibb group on phos- 
phorylated monobactams (nionophosphams) recently described 
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(22)-  wc do not plan to do any f i~ r thc r  work in the mono- 
phospham area. 

Experime~ltal 
rt'hin-laycr chromatography \vas pcrl'ormctl on Mcrck Silica Gel 60 

aluminum-backed plates. Flash chromatography was done with 
Woclm Silica (32-63 p,) using prctlistillctl solvents. Mclting points 
wcsc dctcrrninctl on a Gallcnkamp block ontl asc uncorrcctctl. Optical 
rotations wcrc mcasurcd in a I dm cell on a Pcrkin-Elmer 141 
pol~~rimctcr. Nuclear magnetic resonance spectra wcrc sccorclctl on 
Varian 7'-60. 7-6OA. ancl XL-200 spcctsomctcrs. Inl'wrctl ( i r )  spcctra 
wcrc run on  n Pcskin-Elmcs 297 spcctrophotomctcl.. Mass sl~cctl-a 
wcrc taken o n  HP5984A or LKU 9000 spcctromctcrs. 

P/ll'll,l'/ ~ ~ , l ' ~ ~ / O / ~ / / ~ ~ . ~ / ~ / l ~ ~ l ~ ~ / / l l ~ ~ / ~ / ~ ~ ~  121 

To 3-amino- I -propano1 ( 1 g. 13.3 rnmol) in tlry mcthylcnc cliloridc 
(20 mL) was addcd pyritlinc (3.16 g. 40 mmol) ant1 ~)licnyl- 
clichlorophospli:~tc (2.8 g. 13.3 mrnol) at O°C. .fhc mixturc \\,as stirrcd 
:I[ room tcmpcraturc for 18 11. The solution was wnshctl with watcr (2 
x 15 mL). dricd (MgSO,). and cvaporatccl. .l'lic rcsicluc isas purificcl 
by flash chromatography (ethyl acctutc) to afhscl 2.24 g (79(/() 01 1rc 
as n colorlcss oil. Infrarcd (f i lm) v,,,,,,: 3250 (NH. iuiiidc). 1590. 1485. 
1260. 1210 em ': 'Hmr (CDCII) 6: 1.2-2.4 (m. 2H. CH?). 3.8-3.7 
(m, 2H. CH,N). 4.1-4.7 (m. 3H. NH. CH20). 7.32 (5 .  5H. C,,H5); 
ms (70 cV. 69°C). III/~J ("Im): 213 (643. M"). I20 (382. M "  - 
Cf,H,O'). 

AIII~LILJ 2a 
To a solution ol' I r r  ( I  .44 g. 6.76 nimol) in THF ( I 0  mL). cthyl 

nialonyl chloride ( 1.02 g. 6.78 mmol) in THF (5 mL) was adclccl. 'fhc 
rcaction was followcd by mcuns of tlc. Wlicn starting material disap- 
pcarcd (-15 11). the solvcnt was cvapol-atctl. Tlic rcsitluc was intso- 
duccd into a flash chromatography column to al't'orcl 1 .85 g (84(;/0 of 
2r1 as a colorlcss oil. Infrnrcd ( f i lm)  v,,,,,,: 1740 (C=O. cstcr). I690 
(C=O. amidc) cm ': I ~ m r  (CDCI;) 6: 1.24 ( t .  3H. CHI). 1.6-2.5 
(m. 2H. NCH,CH,CH,O), 3.0-3.6 (m. IH. CHN). 3.83. 3.90 (2s. 
2H. CH:CO). 4.1 1 (el ,  2H. CHKH,). 4.1-4.9 (m. 3H. CH,O, 
CHN). 7.30 (s. 5H. Cf,Hq): rns (20 cV. 20°C). rii/c, ("Im): 327 (20. 
M" ) .  234 (1000, M* '  - CI,H50'). 

Ditrzo-tr~rritlr 3 a  
To n solution of 20 (1.85 g, 5.66 mmol) in acctonitrilc (20 mL) 

containing tricthylarninc (0.63 g, 6.24 mmol) was atltlctl 11-toluene- 
sulfonyl nzidc ( 1.18 g, 5.98 mmol) at O°C. .l'lic mixturc was stirrcti for 
40 h at room tcmpcraturc. The solvcnt was cvnporatecl below 30°C and 
rcplaccd by mcthylcnc chloritlc (40 mL). Aftcr bcing washcd with 0.4 
N potassium hydroxidc. watcr. dricd (MgSO,). iuncl cvnpol.atcd. the 
rcsiduc was puril'icd by tlash chrornatoglxphy (pctrolcum cthcr - 
cthyl acctatc. I : I )  to afford 1 .70 g (85%) of 3r1 as a ycllow oil. 
Infrarcd (f i lm) v,,,,,,: 2135 (N,), 1730 (C=O. cstcr). 1690. 1050. 
1590, 1490 cm ' : ' ~ ~ n r  (CDCI,) 6: 1.30 (t .  3H. CHI). l .6-2.5 (m, 
2H. CH,). 3.2-3.8 (m. IH. NCH). 4.30 (q. 2H. CH,CH,). 4.0-4.7 
(m. 3H. NCH. NCH,CH,CH,O), 7.23 (s.  5H. C,,H?): ms ( 2 0  cV. 
60°C). III/~ ("1,): 353 (32, M"). 325 (245. M " - N,). 260 (77. 
M" - Cl,H,O'). 253 (34 1 ). 94 ( 1000). 

T r i c ~ l ~ l o r o e t l ~ ~  c~\~cl~~~~l~o.s/~I~~~r~~~~li~I~cfo 1 a 
A solution of 2.2.2-trichlorocthyl alcohol (0.49 y .  3.28 ~nmol)  and 

tricthylaminc (0.33 g. 3.27 mmol) in anhytlrous tct~xhydroful-an (3 
nlL) was addcd dropwisc at -78°C into phosphorus oxychloridc 
(0.5 g. 3.27 rnmol) in THF (5 mL) under nitrogen otmosphcrc. Al'tcr 
stirring 0.5 h, thc tcmpcraturc slowly incrcasctl to room tcmpcraturc 
within I h and thc mixturc was coolcd again to -78°C. To the coolctl 
mixturc. a solution of 3-amino-I-propanol (0.245 g. 3.26 mmol) ancl 
tricthylaminc (0.693 g. 6.86 mrnol) in THF (3 mL) was atldcd. Thc 
mixture was allowcd to warm to room tcmpcraturc :uicl stirrcd for 
another 4 11. Thc tctrahydrofuran was cvapolxtctl. The rcsicluc was 
addcd to mcthylcnc chloridc (50 mL) and watcr (40 mL). Thc organic 
layer was washcd with 1% HCI (30 mL). dricd (MgSO,). and cvapo- 
rated. The crude product was purifcd by flash chromatography (cthyl 

acctatc) to obtain 0.8 1 g (93%) of l h  as a I~ghr ycllo\\ oil. Infrnrcd 
( f i lm)  v,,,,,,: 3250 (NH).  1420. 1335. 1200. I100 cm I: l ~ms (CDCI , )  
6: 1.5-2.5 (m. 2H. NCH2CH2CH20). 3.0-3.7 ( m .  2H. NCH,). 
4.1-4.8 (m. 3H. NHOCH,). 4.50 ((1.  2H. CH,C,:CI,. .I = 7 Hz): nls 
(70 cV. 20°C). III/~ ("i,): 273 (4. I\/l ",;t 0 .  CI;'). 271 (IX..M" + 
4. CI:'CI~'). 269 (55. M "  + 2. cI~'CI, 1. 207 (57. M ". CI;'). 120 
( 1000. M A .  - OCH,CCI;'). 

A~irirlr 2 b 
This conipountl \V;IS obt;tinctl from l b  via the ~)roccdurc for the 

prcp:~r:~tion of2rc. in 90% yicld aftcr Ilasli cliromatogral)hy (~)ctsolcum 
ctlics - EtOAc, 1.5: I ) .  Infrarccl ( f i lm) v ,,,,,,: 1735 (C=O. cstcr). 
I69O(C=O. itmiclc). 1330. 1300cm ': 'Hmr(CDC1;) 6: 1.30(t. 3H. 
CHI). 1.7-2.3 (m. 2H. NCH,CH,CHIO). 3.1-3.7 (m .  IH. NCH). 
3.8-4.8 (mb. 3H. OCH.. NCH). 3.90. 4.04 (2s. 2H. CH,). 4.20 ( e l .  
2H. CH,CH,). 4.70 ((I. 2H. OCH,CCl,. J = 7 Hz): ms (70 cV. 

37°C). III/~ ('lm): 385 ( 15. M '' + 4. CI:'CI;~). 383 (36. M r '  + 2. 

C I ~ ~ C I : ~ ) .  381 (38. M". ~ 1 : ' ) .  234 (194. M "  - OCH,CCI;'). 

Dir~:o-r~~i~irlo 3 b 
Compountl 3h was obtained I'rom 2h via the procedure for the 

1)rcpar;ltion of3r1, in 80'2 yield ;~l'tcr flash c1irornatogI';~pIiy (pctrolcum 
cthcr - EtOAc. 1.5: 1). Inl's;~rctl ( f i lm) v ,,,,,,: 21 15 (N,). 1720 (C=O. 
cstcr). I650 (C=O. a~iiitlc. I330 crn I: 'Hmr (CDCI,) 6: I .30 (t .  3H. 
CHI), 1 .6-2.3 (ni. 2H. NCHlCH2CH,0). 3.1-3.8 ( m ,  IH .  NCH). 
3.8-4.8 (m. 5H. NCH. CH20.  OCfi,CH ;). 4.80 (el .  2H. 0CH2CC11. 
J = 7 Hz): ms (70 cy .  51°C). III/~ ("Ic0): 272 (14. M "  - 
EtOOCCN2CO' + 6. CI , I ) .  270 (41. M " - EtOOCCN,CO' + 4, 
CI;"CI;~), 268 (81. M" - EtOOCCN2CO' + 2, C I ~ ~ C I ~ ' ) ,  266 (14, 
M-  - E~OOCCN,CO', ~ 1 . ; ~ ) .  

(3-Lrrc.rrr111 7b 
A solution of p-lnctam 7r1 (4.39 mg. 3.82 mmol) ant1 tliliydropyran 

(482 mg. 5.73 mmol) in dry mcthylcnc clilositlc ( I 0  mL) containing 
pyriclinium 11-tolucncsulfon;~tc (PPTS) (96 mg. 0.382 mmol) was 
stirrctl l'or 8 h at room tcmpcraturc. 'fhc solution was clilutctl \vitli cthcr 
~uncl washed with half-satu~.atcd brine to remove the catalyst. Aftcr 
tlrying ant1 cvnl)ol.ation of the solvcnt, flash chromatography (cthyl 
ncctatc) gave 110 mg (54%) THP cthcr 7h. Infrarccl ( f i lm) v,,,,,,: 3300 
(NH), 1760 (C=O) cm ': 'Hmr (CDCI,) 6: 1.4-2.1 (m. 8H. 
CH,CH,O. CHCH,CHZCH,). 2.49 (tltld. IH. CHHCO. J ,,,,, = 
13 Hz. J ,,,,,,, = 2.2 Hz, JNll = I .  I HZ). 3. 10 (ddd. I H. CHHCO. J ,,.,,, 
= 13 Hz. J,,, = 4.2 Hz. JNll = 1 . 1  Hz). 3.3-4.1 (111. 5H. CHNH. 
2CH20). 4.6 (bm. IH. CH.OCHOCH,). 6.3-6.7 (bs. IH .  NH): 
rns (70 cV. 20°C). 11i/r (b): I99 (99. M" ) ,  99 (103. M "  - 
HO-0). 85 ( 1000. THP ' ) .  

(3-Lrrc.tr1111 Y 
Undcr a nitrogen atmosphere. u solution of (3-lactarn 71) (253 mg. 

1 .27 rnmol) in tlsy THF (5 niL) was coolcd to -7XDC and trcatcd with 
n-BuLi ( I  ccluiv.) in THF. Aftcr bcing stirrcd for 10 min. tiiphcnyl 
chlorophosphatc (342 mg. 1.27 mmol) was adtlctl dropwisc. and 
stirring. at -7XDC, was continued b r a  pcsiotl of 30 min. Tlic reaction 
mixture was warmed to room tcrnpcratllsc by itsell'. Aftcr adding 
rncthylcnc chloridc (20 mL), the organic Inycs was \\;~shcd \vitli wntcr 
(2 X 15 mL). clrictl (MgSO,). ancl cvapot.atctl. 'The rcsi(luc was puri- 
fictl by tlash cliromatogl-aphy (pctrolcum ctlicr - cthyl occtatc: I : 1.5) 
to afford 438 mg of  (3-lacttun 9 in 80% yicld. Inflarcd (f i lm) v,,,~,,: 1790 
(C=O. p-lactam) cm I: ' ~ m r  (CDCII) 6: 1.2-2.1 (m, 8H. 
CH2CH,0. CH,CH2CH,). 2.6-3.0 (in. 2H. CH,CO). 3.1-4.0 (m. 
5H, CHN. CH,O. CH20) .  4.2 (b. IH. CHI. 7.00 ( s .  IOH. 2Cc,Hs). 

p-Lrcc,trrrr~ 6b 
Compound 6h \v;~s obtaincd from (3-lactam 6rc. via tlic proccdurc 

for the prcp:~ration of 7h. in 80% yicld aftcr Ilasli chromatography 
(EtOAc). Infrarcd (f i lm) v,,,:,,: 3280 (NH). 1750 (C=O. (3-lact;uii) 
cm ' ;  'Hmr(CDC1,) 6: 1.2-2.0 (m, 6H. OCH(CH,);). 2.51 (app.bd. 
IH.  COCHH. J ,,.,,, = 14 Hz). 2.96 (2ddcl. IH. COCHH, J ,,.,,, = 14, 
J,,, = 4 HZ. JNll = I .5 z ) ,  3.2-4.0 (111.4H. OCH?, OCH,). 4.48 ( b ~ .  
1 H. OCH). 6.7-7.0 (bs, l H, NH): rns (70 cV. 19°C). rir/c ('Im): 185 
(21 M" ) ,  85 (1000, THP'). 
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M" - 1-BOCNHCHCHCH, + I ) .  157 (70. 1-BOCNHCHCO'. 1- 

BOCNHCHCHCH,' ). 107 (40. C,,HrCHzO'). 101 (350. 1- 
BuOCO' ). 9 I (880. C,HiCHz4 ). 57 ( 1000. I-Bu ' . CH,-CO-NH ". 
CH~-CHMC-NH"). 

4-Merl~~.I-3-[( t c r t - h r r r o . v ~ c ~ t r ~ ~ I ~ o ~ ~ y I ) ( r r ~ ~ i ~ ~ o [ -  I -1~ho.vl~lror~\~l-3-~1:c~ri~Ii11o11~~ 
17b 

Dibcnzylpliospliori~~iiicli~tc 170 (40 mg. 0.087 rnmol) w n ~  dissolvctl 
in methanol (5 mL) iuid liydrogcnatctl for I I1 at I atm of H, in the 
prcsence of 10% Ptl/C (5 mg). Aftcr filtration nntl evaporation. the 
rcsiduc was wnshed with chloroform (3  x I mL) to ol'ford 22 mg of 
amitlophosphoric acid 17h in 9OC% yicltl: pH (CH;OH solution) 
2.5-3: ir (CHCI,) v,,,,,,: 3450-2600 (OH). 33-50 (NH). 1760 (CO 
p-lactiurn), 1705 (CO I-BOC). 1250 (P=O) cm I :  'Hmr 200 MHz 
(D,O) 6: 1.33 (s. VH. I-Bu). 1.43 ( c l .  3H. CH). J = 6.5 Hz). 3.7-5.0 
(m, 5H): ms (70 cV), rir/c, (o!m): 497 (120. M '' + I + 3 IMS) .  
397 (120). 39.5 (740. M "  - r-BuOCO + 3'1'MS). 340 (370. M "  
- r-BOCNHCHCO + I + 3TMS. M "  - I-BOCNHCHCHCH., 
+ I + 3TMS). 323 (150, M " -  I-BuO + 3TMS). 101 (20. 
I-BUOCO'). 73 (1000. I-BUO?). 57 (340, I-BU-. CH?-CO-NH +.. 

C H ~ - C H M ~ - ~ ~ H + ' ) .  

~-M~I/IJ./-.?-( ~ ~ ~ ~ - ~ L I I ~ . \ : \ ~ ' ~ I I ~ / J O I ~ ~ / ) ~ I I ~ ~ ~ I ~ O / -  1 - ( / ~ I ~ I ~ ' ~ / I ~ ' / / ~ / ~ ~ I . S / ~ / I ~ I ~ \ ' / - ~ -  

(i:t,~i(lir~or~c~ 17c 
To a suspension of p-lactam phosphoric acid 17c. (8.5 mg. 

0.03 mmol) in CH2CI2 ( 1 mL) was acltlcd dropwise at O°C a solution 
of cliazomethanc (2.5 ccluiv.) in ether. ?'he reaction mixture was 
warmetl to room temperature by itself. Aftcrcvapol.ation of the solvcnt 
10 my of dimethylphosplnoraniitI;~te 17t. were obtainetl in n quantita- 
tive yield; ir (CHCI,) v,,,;,,: 3450 (NH). 1780 (CO p-lactam). 1715 
(CO I-BOC). 1270- 1 180 (P=O) cm I: 'Hmr (CDCI,) 6: 1.3- 1.45 
(s  + tl. 12H. I-Bu + CH,). 3.6-4.4 (m. 24. CH-CHI. 3.8-4.0 
(2d. 4H. Z OCH,. J,,-c,,Il, = 12 Hz). 5.2 (brd. IH. NH): rns (70 cV). 
rille ("IW): 235 (60 Mi.' - I-HuO). 157 (20. I-BOCNHCHCO+. I- 
BOCNHCHCHCH,'). 152 (460, M"  - r-BOCNHCHCO + 1.  
M+ -  - I-BOCNHCHCHCH; + I).  109 (80. PO(0Me);'). 101 
(245. r-BuOCO'). 57 (1000. I-Bu '. CH,-CO-~H... 
C H ~ - C H M ~ - A H ~ ) .  
P-Ltrc./trrrr 19 

P-Lactam 16 (200 mg. 1 mmol) was dissolved in tritluoroncctic acid 
( I  mL) at 0°C. After stirring for 10 min. the acid was rcmovcd by 
evaporation and the rcsiduc washcd with carbon tctracliloritlc (3 x 
1 mL): ir (fi lm) v,,,,,,: 3450-2680 (NH. OH). 1770 (CO p-lactam). 
1670 (CO) em '; 'Hmr (CD,COCD,) 6: 1.5 (d. 3H. CHI, J = 6.5 
Hz). 3.8-4.4 (m, 3H. CHMc. NH?). 5.05 (tl. IH, CHNH. J = 
1.5 Hz). 

4-Metl1yl-3-l~hrrr~ltrc~e1trriritlo-_7-tr:t~/itlir1011c~ 20 
To a solution of p-lactam 19 (214 mg. I rnmol) and pyritlinc 

(237 mg. 3 mrnol) in tlry mcthylcnc chloride (20 mL) was added, 
dropwisc undcr nitrogen, phcnylacctyl chloride (232 mg, 1.5 mrnol) 
in 5 mL mcthylcne chloride. Aftcr the addition was complete the 
solution was stirred for 3 h. washcd with pH 4.5 buffer (KH,PO,) and 
water, dried (MgSO.,). and evaporated. Tlic crudc product was puri- 
fied by tlash chromatography (ethyl acetate) to afford a colorless solitl 
(50 mg) in 236. yicld; mp 138- 140°C; (a]:' -36.0" ( t .  0.65, 
CH3OH): ir (CHCI3) v,,,.,,: 3420 and 3300 (NH). 1760 (C=O 
p-lactam), 1670 (C=O arnidc). 1600 (C=C) cm ': ' ~ m r  (CDCI,) 6: 
1.5 (d, IH, CHI. J = 6.5 Hz), 3.4-3.7 (m. 3H, CH,, CHMc), 
4.5 (dd, IH,  CHNH, J = 6.0, 2.0 Hz), 6.5 (br s, IH,  NH P- 
lactarn). 6.8 (d. IH ,  NH amidc, J = 6.0 Hz). 7.3 (s. 5H. C,,H5); 
ms (70 cV). rrl/c. ("1,): 175 (380, Cl,HiCH2CONHCHCO'. 

4-Mr1h~~l-3-phe11ylc1~~erti111i~Io- I -tliher1~~l~~ho.s~~I101'~I-2-c1ze1ic/i11o11e 
21 a was prepared from p-lactam 20 as tlcscribcd for 17rr. in 30% yicld 
after tlash chromatography (EtOAc-hcxancs. 60:40): ir (CHCI,) 
v,,,;,,: 3400 (NH), 1780 (CO p-lactam). 1670 (CO amidc). 1270- 1 180 
(P=O) e m ' ;  ' ~ m r  (CDCI,) 6: 1.5 (d, 3H. CH2, J = 6.5 Hz), 3.65 

( 5 .  2H. CH.). 3.75-4.1 (m. IH.  CHMc). 4.2-4.4 (tltl. IH. CHNH. 
J = 7.0. 2.0 Hz). 5.1 -5.3 (21. 4H. 2CH,. .I = 9 Hz). 0 .  I (ti. IH. 
NH. J = 7.0 Hz). 7.4 ( s .  ISH, 3C,.H5): rns (70 cV). rrr/c, 
478 (150. M "). 304 (140. bl" - C,,HiCH,CONHCHCO i- 1 .  
M "  - C,,H,CONHCHCHMc + I ) .  281 (490). 175 (490, 

4-Mc1h~l-3-l~lic~11~It1c~c~t~11ii i lo-  I - /~ l lo .~ l~lror~~l - -7- t r :cr i t l i r1o1lc~ 21 b was 
~)sc~);w~I I'rom P-li~ctam 21 t r  ;IS tlcscribcrl I'or 17h. Y icltl: 85% : pH 
(CH ;OH solution) 3.5: ir (N~!iol) v,,,,,,: 3450--3000 (OH. NH). 1750 
(C=O p-lactarn), 10.50 (C=O amitlc), 1200 (P=O) cm ':'Hms 
(CD;OD) 6: 1.5 (tl. 3H. CH;, J = 0.5 Hz). 3.6 ( s .  2H. CH,). 
3.7-4.6 (m. 3H. CH-CH. NH). 7.3 (s .  5H. C,,Hi). 

4-Mc/l1yl-3-plr~~r1~loc~c~t~1111itIo- I -tlirrrc~th~ll~ho,s1~I1~11~~~I-_7-tr:ctitli11o11c 
21c was prcp;ucd from p-lnctiuii 2111 as clcscribcd t i ~ r  1 7 ~ ;  
ms (70cV).  i ("1~) :  327 (5. M " +  I), 175 (10. 
CoH,CH,CONHCHCOt. C,,H,CH,CONHCHCHMc' ), 1.52 ( 1000, 
M"  - C,,H.rCH,CONHCHCO + I .  M " - C,,H5CHZCONHCHCHMc 
+ I ) .  I09 (70. PO(OCH?):L). 91 (380. C,,HiCH2' ). 57 (70. 
~ N H  -.. CH~-CHMC-~~H '.I. 

p-L(rc.rcrrlr 2.3 
-1.0 a solution of p-lactiuii 19 ( I .07 g. 5 mmol) in 150 mL of clsy 

THF-CH?CI, ( 1 :2) was nddctl tricthylaminc (0.60 g. 6 mmol) at O°C 
and undcr nitrogen. The reaction mistlire was stirrccl for I I1 ;unti 
allowed to warrn to room temperature. Then two solutions. trityl acid 
22 (2.66 g, 6 mmol) in 30 mL dry CHICll and EEDQ (1.48. 6 mmol) 
in 20 mL dry CH2CI,, wcrc succcssivcly added dropwise. Aftcr stirring 
for a periotl of 15 In, the solvcnt wi~s rcmovcd ant1 ethyl ~~cctutc nclclccl. 
The organic laycr was waslicd with a 4% NnHCO; solution (2 X 

20 mL) ;~nd brinc. dried (MgSO,). and cvapolatetl. The crutlc mi~tcrial 
was purifictl by flash chromatography (EtOAc-licxancs 75 : 25) to 
afford 0.98 g of p-lactam 23 in 38V yicltl: mp 135- 140°C: la]:' 
-3 1.4" ( c .  1.35. CHIOH): i s  (CHCl,) v,,,;,,: 3320 ant1 3360 (NH).  1765 
(CO [J-lactam). I080 (CO amitlc) cm ' :  'Hmr (CDCli) 6: I .5 (d .  3H. 
CH,. J = 6.5 Hz). 4.0 (5. 3H. OCH;). -3.5-4.0 (c l t l .  IH.  CWMc, 
J = 0.5. 2.0 Hz). 4.4-4.6 (tltl. IH. CHNH. J = 0 . 0 .  2.0 Hz). 6.2 
( 5 .  I H. NH p-lnctwm). 6.6 ( s ,  I H. CH=). 7.1 (tl. IH. NH amidc). 
7.3 (s. 15H. 3C,,H;). 

P-Lerc.rtrrti 24 
Trityl p-lactam 23 (485 mg. 0.92 mmol) in 75 mL of methanol - 

formic acid (4: 1 )  was rcl'luxcd l i ~ r  I h. Aftcr evaporation of the 
solvent. the crudc m~~tcrial  was washctl with carbon tctlachloridc to 
give 227 mg (0.80 miiiol. 86%) of amino p-lactam 24: mp 
125- 130°C (dcc.): [a]:," -70.5" ( ( .  2.47. CHIOH): ir (CHCI,) v,,,;,,: 
3480. 3410. 3300(NH). 1760(CO p-lactarn). 1670(COarnidc). 1600 
(C=C) cm I: 'Hmr (CD,COCD,) S: 1.4 (cl .  3H. CHI. J = 6.5 Hz). 
3.6-4.0 (m. 4H. OCH,. CHMc). 4.5-4.7 (dd. IH .  CHNH. 
J = 8.0. 2.0 HZ). 6.72 (s. IH. CH=). 6.92 ( b ~  S. 2H. NHI). 7.5 (s, 
I H, NH p-lactarn). 8.3 (tl. IH .  NH amidc): rns (70 cV). rrr/c ("Ico): 283 
(80, M") .  252 ( 100, M.'' - OCH,). 240 (150. M " - CONH. 
M" - McCHNH). 126 (1000). 125 (HIN-C=N-C-C=N), 99 

\ // 
S-CH 

(250). 83 (300). 57 (250). 

N - t l i h e r ~ ~ ~ l / ~ l i o . ~ ~ ~ I ~ o ~ ~ ~ l  p-ltrc.rtrr11 250 was prepared from compound 
24 (227 mg, 0.8 mmol) following the procctlu~.c described for 17tr. 
Howcvcr. in the present case. the organic laycr was washcd with a 4% 
NaHCO solution and brinc. ' ~ h c  crudc compound was purified by 
flash chromatography (EtOAc) to afford 150 my of p-lactam 25tr in 

35% yicld; [al:' -18.4" ( t ,  1.05. CH,OH); ir (CHCI.;) v ,,,,,,: 3480. 
3380 (NH). 1750 (CO p-lactarn). 1670 (CO ;un~itlc). 1600 (C=C). 
1190 (P=O) cm I; 'Hmr 200 MHz (CDCI,) 6: 1.43 ( d .  3H. CH,. 
J = 6 Hz). 3.89 (s, 3H. OCH,). 4.15 (cld, IH. CHMc. J = 6.0. 2.0 
Hz). 4.62 (dd. IH .  CHNH. J = 7.0. 2.0 Hz). 5.1 1-5.17 (2d. 4H. 
2CH1. J~,-ocll, = 8 HZ). 5.76 ( s .  2H. NHI). 6.66 (s. l H. CH=), 
7.22 (rn. IOH, 2C,H5). 8.1 I (br d. l H. NH. J = 7 Hz); rns (70 cV), 
rr~/e (Olm): 187 (180), 167 ( 1  lo), 149 (370). 107 (170). 100 (830), 97 
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( 160). 91 ( 1000. C,H,<CH,' ). 83 ( 103). 79 ( 100). 69 (680). 57 (760). B~NNI:R. K .  BUSII. 0 .  M .  FLO).I). N. H. GI~~II(;oI~~\I':\I),\K~u, 
55 (610). 45 (250). W. H. K o s r t ~ ~ .  W. C. LIU. W. L .  P,\IIKEII. P. A .  PICINC'II'E. 

N-l>llo.s/)l~ot:\I f ! - l~ l t~ t io i~  2517 was prcparccl I'rom 250 (47 mg. 0.086 M .  L .  K,\.I-IINL~I. W. A .  SLC'SARCIIYK. W. H. 1r11:~o. wid J .  S. 

nimol) according to the mctliocl fivcn for l7h. After I 0  h of reaction. WELLS. Nature. 291. 489 (198 1 ) .  

filtration. iuicl evaporation. the cruclc mi~tcrinl was rccrystullizctl in 5 .  0 .  S. BIIESI-O\Y. E. B,~I~AIc;~\II~~EN, i111il C. I<. H:\C'SLIR. J. Aln. 
McOH - EtOAc ( 1 : 3) to give pliosplioric ncicl 25h in 80% yicltl; pH Chcm. Soc. 66. 1786 (1944). 

(McOH solut io~~)  5.5: 1 ~ 1 % '  26.3' ( ( .  0. IS. CH,OH): i s  (KBr)  v,,,,,,: 6. K .  P!\NKII~WIC'%. K. KINAS. W. J. S-I~EC. A. B. F o s r ~ : ~ .  M .  

3600-7900 (NH, OH). 1745 (CO f!-lactarn). lht15 (CO amiclc), 1210 J A R ~ I A N .  ancl J. M. S. VAN MMNCN. J .  Am. Clicm. Soc. 101. 

(P=O) en! I: 'Hrnl-200 MHz (CD.;OIl) 6: 1.47 (e l .  3H. CHI. J = 6.5 7712 (1979). 

Hz), 3.93 (s. 3H. OCHI). 3.47-3.77 (m. IH. CHMc),  4.2-4.4 (m. 7. W. V. E. D~EIIINC; ancl C. H. DEI'LIY. J. A ~ i i .  C l ic~ i i  SOC. 75. 

IH,  CHNH).  6.8 (s .  IH.  CH=). 7.72-7.47 (m. 5H. NH,. NH. 5955 (1953): M .  RE(;IT%. A~igcw.  Chc~ii. Int. Etl. Engl. 6. 733 

?OH): ms (70 cV) .  ril/p ("Im): 368 (40). 97 ( 1 10). 91 (200). 83 (180). (1967). 

09 (370). 57 (450). 55 (410). 44 (1000). 8 .  E. J. C~IIEY ancl A. M .  FCLIX. J. Am. Chcm. Soc. 87. 2518 
(1965). 

N-tlitr~c~/ll!l /)l~o.s/)lior:\l P-ltr~rtlti1 25c was prcparctl from coml7ouncl 9. D. M .  BICUN\VIN i111d G. LOWE. J. CIic~ii. SOC. Pcrki11 Tri111s. I .  
2511 as clcscribccl for 171.: 111s (70 cV). t ~ r / i ,  ( O l m ) :  279 (60). 107 ( 120). 1321 (1973): J. Clicm. Soc. (C) .  3756 ( 1971 ): J. P,IIIKI~II and 
149 (780). 130 (120). 121 ( 1  10). 97 (It10). 95 (120). 91 ( 1  10). 85 G. LOLVE. Cl ic~ i i .  COI~~IIIUI~. 577 ( I97 1 ): 865 ( I97 1 ): D. M .  
(150)). 83 (270). X I  (250). 73 (300). 71 (330). 69 ( 0 5 5 ) .  57 (780). 55 BRL'N\VIN 311d G. LOIVE. Cl ic~i i .  C o ~ i i ~ i i u ~ i .  589 ( 1972): M .  V. J. 
(680). 43 ( 1000). R,\tvisn~ and G. LO\VE. J. Chcm. Soc. Pcrkin .l'ra~is. 1 .  479 

T t ~ i ~ r l ~ ~ l t ~ t i i t ~  strlr 25cl was obtainccl by mlclition o f  tricthylaminc (1973). 
(5 mg. 0.05 mrnol) to a solution of acid 25h (9  "1:. 0.025 mmol) in 10. R,  B. w ~ ~ ~ ~ ~ , ~ ~ ~ , ~ ~ ~ ~ , ~  K,  H ~ ~ ~ ~ ~ ~ ~ ,  J. G ~ ) ~ ~ . [ - ~ ~ .  p, N , , ~ ( ~ ~ ~ - ~ .  
I mL McOH. After stirring for 5 min, the solvent was rcmovetl to W. OI'I'OLZEK. R. R,\b~;\cit. S. R,\N(;;\N,\.~IIAN, nntl H. 
afford 13 rng off!-lactam 2511 in 9% yiclcl: ir (KBr)  v,,,,,,: 3550-3300 Vonr~~uc;c;t:~. J. Am. Clicm. Soc. 88. 852 (1966): K.  B. 
(NH). 1745 (CO f!-lactom). 1060 (CO ;umiclc). 1610 (C=C). 1245. Wooow,\r~v. Scicncc. 153. 487 (1966). 
1205 (P=O) em ': ' ~ m r  (CDIOD) 6: 1.3- 1.5 (1  + (1.  9H. 1 I .  R .  J. Po~sro r Io  nncl R. Sou.r.~~C;;\.rt. J. Cliem. Soc. Chcm. 
2CH2-CHI. CH3. J = 7.5. 6.5 Hz). 3.1 (q. 4H. 2CH,-Me. Commun. 846 ( 1979). 
J = 7.5 HZ). 3.5-4.6 (m. 5H. CHMc.  CHNH.  OCH3). 6.85 (s,  I H. 12, D, B, K ,  J O ~ - I N ~ ~ O N ,  S, M, ~~blhll.[-.l-. F, A,  BOL~I;F~\K~), ;inc\ 
CH=). 7.3 (ni. 5H. 3NH. NH,). B. G. CI-IRIS~ENSEN. J. Ani. Chcm. Soc. 100. 313 (1978): 

Mot~ol)ortt.ssiitr~~ strlr 25c 
Dibcnzylpliospl~ori~~iiidi~tc 2511 (5.4 mg. 0.01 rnmol) was dissolved 

in 2 mL THF-EtOH ( I  : I )  and 12 p L  o f  a 1 M aclucuus solution of 
KHCO, (0.012 rnrnol) was otltletl. Tlic mixturc was hydrogcnatctl for 
6 11 in thc presencc of 20%. Pd(OH)/C (3 ms). After I'iltsation and 
evaporation, tlic rcsitlue was washed with ethyl acetate to afford 
3.8 rng (95%) of potassium salt 25r: i r  (KBr)  v,,,;,,: 3600-2900 (OH. 
NH), 1745 (CO p-luctani). 1655 (CO amicle). I595 (C=C). 1250 
(P=O) em I.  
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