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Abcdmct-A variety of substituted /?-lactams, including a cepham analog, were synthesixed by the 
photoehemical reaction of [(methoxy)(methyl)carbene]chromiwn complexes with substituted imines. 
Oxaria= and oxaxolincs were inert towards chromium carhene. complexes. Oxtics were converted to 
bicydic /7-lactams by the photolytic reaction of molybdenum earbene complexes. Oxaxolinea were 
considerably less reactive and produced only low yields of b-lactam produet and an equivalent amount of the 
corresponding oxaxinone, incorporating two (MeO)(Me)CJCO) groups. 

The synthesis of both naturally occurring and 
unnatural fl-lactams has been an important area of 
research for over forty years, primarily because of the 
biological activity displayed by this class of 
compounds. In addition to continuing e5ort.s using 
classical organic synthetic methodology, 8 number of 
new /?-la&am syntheses involving the use of transition 
metals have recently been developed. These include the 
rhodium(I) catalyzed carbonylation of aziridines,’ the 
reaction of allylic epoxides with iron pentacarbonyl,’ 
the carbonylation of aminoolefins by iron carbonyl 
complexes,3 and the Pd-catalyzed carbonylation of 
azirinea4 We have recently reported a new synthesis of 
/I?-lactams from the photolytic reaction of imines with 
chromium carhene complexes (Eq. ( 1))5 and have used 
it to synthesize a number of mono- and bicyclic /?- 
lactams, including a penicillin analog.6 Herein we 
report the extension ofthis chemistry to the synthesis of 
cephalosporin analogs, functional&d monocyclic /?- 
lactams, and oxapenam and oxacepham derivatives. 

and 5, containing phosphonate groups, were inter- 
mediates in the synthesis of thiazine 1. These were 
converted, in high yield, to the corresponding fl- 
lactams 4 and 6. Enamine imine 7 was converted to the 
N-vinyl /?-lactam in somewhat lower overall yield, 
although this particular reaction has not heen opti- 
mired. As is the usual case with this iminef 
chromium carhene reaction, the reactions were 
stereospecific producing the single diastereoisomer of 
the product shown, in which the O-methyl and phenyl 
groups were cis. (This stereochemistry was deduced 
from the ‘H-NMR chemical shifts of the O-Me groups 
which appeared at 6 3.06,3.10, and 3.06 for 4,6, and 8, 
typical for O-Me groups ck to a phenyl grou~.~*’ Other 
O-Me groups in these j?-lactams normally appear in 
the 6 3.5-3.7 region.) &uze imine 5 has a chiral center, 
and racemic 5 was used in the reaction to produce 6, 
compound 6 was a mixture of the two diastereoisomers 
at that center. 

a-Ketoimines (9, 11) and adiimine (13) behaved 
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RESULTS AND DISCUSION 

The results of the reaction of pentacarbonyl 
[(methoxy)(methyl)carbene]chromium with a variety 
of substituted imines are displayed in Table 1. Thkuine 
1 was converted in fair yield to cephalosporin analog 2. 
As is typical for this /3-lactam-forming reaction, a single 
diastereoisomer, as shown, was obtained. There was no 
evidenceof the other diastereoisomer even in the crude 
reaction mixture prior to puritkation. The stereo- 
chemistry shown was ass&ed based on a comparison 
ofthe’H-NMRchemicalshiftoftheOMegroup(63.50 
in 2) with those of very similar compounds produced 
from thiazolines(63.SOand63.48)andcharacterized by 
single crystal X-ray diffraction studiea6 

Several N-substituted imines were converted to 
monocyclic /I-lactams in fair to excellent yield. Imines 3 

somewhat differently. Both the N-Me and N-phenyl 
monoimines ofbenzil underwent reaction to produce a 
mixture of diasteredisomers, the ratio of which 
dependedontheN-substituent. Again,stereochemistry 
was easfly assigned from the ‘H-NMR chemical shift of 
the O-Me group. The diimine of biacetyl also 
underwent reaction to produce both possible 
diastereoisomers. In this case, the stereochemistry of 
the products was more difficult to assign. It was 
assumed that the compound having the higher field 1 H- 
NMR absorption for the O-Me group (a 3.56) was 14a, 
while that having the lower field absorption (6 3.61) was 
14b. However, there is no clear precedent for the effect of 
a cis N-phenylimino group on the chemical shift of an 
adjacent O-Me group, so the stereochemical assign- 
ment of these diastereoisomers remains uncertain. 
Diimine 13 could not be converted to the his /?-la&am, 
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Table 1. /?-Laetams from imines and [(methoxy~methyl)carbeneJchrornium 
complexes (Es. (1)) 

IMINE PRCUJCT YIELOXD 

2. 

P. 

3 

PhCH.NR 

R.Cn2P(OXOEt)2 

R.CHK02MelP(OKEtl2 

R.CH’CH;! 

9. R=m IPB IpB. R-R, 52b (A/B*a 

II, R.Mm 12p. l2B, R=Me S2b (A/B.I.IS) 

148 198 40b (A/B.O.25) 

2, R.W2P(O)(OEtl2 90 

6, R.CH(CO;!M.)P(6103);! 80 

8, R=‘=-‘-% 4lb 

‘Reported yields arc for isolated, analytically pure product. 
b Yields arc not optimixed. 

even in the presence of excess chromium carbene 
complex. Further, treatment of the isolated mono-/% 
lactam 14 with additional chromium carbene complex 
failed to introduce an additional /?-lactam group, and 
14 was recovered unchanged. 

The reactivity oforganometalhc complexes can often 
be altered by changing one or more of the “innocent” 
(those not directly involved in the process) ligands. 
With the intent of both adjusting the reactivity of the 
carbene complex, and ultimately, of inducing chirality 
in the /?-la&am formed the monotriphenylphosphine 
complex of pentacarbonyl[(methory)(methyl)carbene~ 
chromium was prepared by a simple ligand substi- 
tution process.* Irradiation of this complex and 
the N-benxyl imine of benxaldehyde produced the 
desired fi-lactam (Eq. (2)) in fair yield (53%), although 
the reaction was somewhat slow (4 days). Further 
studies of this complex are in progress. 

carbene]chromium. Under a variety of conditions, 
no conversion to the fi-lactam was observed. 
Rather, the carbine complex decomposed slowly, 
and the oxaxine or oxaxoline was recovered un-’ 
changed. No product containing the carbene moiety 
in any form was observed. Similar results were obtained 
when the corresponding, more stable, tungsten carbene 
complex was used in place of the chromium com- 
plex. In contrast, irradiation of a mixture of the 
less stable pentacarbonyl[(methoxy)(methyl)carbene]- 
molybdenum complex and oxazines H-17 at 0” 
produced bicyclic fl-lactams 18-U) in fair yield@+ (3)). 
The reaction was stereospecific, producing only one of 
the two possible diastereoisomers at the two 
asymmetric centers formed during this reaction. Since 
oxaxinea 16 and 17 have a chiral center, and since 
racemic material was used in the reaction, products 19 
and 29 are mixtures of diastereoisomers at that center 

,OMe 
(CO)4( F$P)Cr=C; l 

/Ph ho 
PhCH2N=C 

Me ‘ti 4 daya 
(2) 

With the intent of preparing oxapenam and alone. This molybdenum carbene complex reacted with 
oxacepham analogs, oxaxines and oxaxohnes were the N-Me and the N-benxylimines of benxaldehyde to 
photolyzed with pentacarbonyl[(methoxy)(methyl)- give /?-lactams having the same stereochemistry as was 



K0)5Mo=C 
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R3 R3 

& R’, R2, R3.H & R’,R2, R3.H 41% 

16 R’.Et, R2,R3=Y. Lp F&Et. R2,R3=tb 42% 

1 RbhCtt2, R2, Rbll. 20 Rh’hCH2, R2, R3.y. 46% 

obtainad using the corresponding chromium carbene 
complex (Eq. (2)). Thus the stereochemistry of fl- 
lactams lS_20 are assigned by analogy. 

Oxazolines behaved in yet a different manner (Eq. 
(4)). They were significantly less reactive than the 
oxazines, and 25-500/, of the starting o-line was 
recovered after complete consumption of a 1.5 molar 
excess of the carbine complex. A low yield of the desired 
&lactam was obtained, again as a single diastereo- 
isomer. An equal amount of product containing the 
oxazoline and two (MeO)(Me)C(CO) fragments was 
also obtained, again as a single isomer (by high field 
(360 MHz) ‘H-NMR spectroscopy). Its stereo- 
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Model EM360 or a Varian Model T-60 spectrometer using 
Me,Siaeaninternatstaadardandarereport~inb.Au”C 
NMl+ctrawererecordedonaJBOLJNMFX-100Fowier 
Transform spcbrometa. High gdd NMR spectra were 
recorded on a Niikt NT360 spectromcrcr or an IBM 270 
NMR spectrometer. Mass spectra were &ed on a V.G. 
Mirromsss 16F spectrometer. 

All chromatographic isolations were accomplishal by 
radial-layer chro-kaiography, using a Chromatotkn Modd 
7924 with Kiesel ~~160 PF silica &. 

Analyses we& @onned by M-H-W Laboratories, 
Phoenix,Arizona. 

Mat&. All solvents were freshly distilled and stored 
under argon. Immediately before u8c they wzre degassed and 

a R’ti 

a R’PhCH2 

chemistry could not be assigned_ This material was 
shown to be a dihydrooxazinone, both by spectroscopy 
and by literirture analogy. Oxazinones are the major 
products frqm the reaction between free ketenes tid a 
wide range of imincs? The fact tbet they are formed as 
in Eq. (4)1 in a reaction which involves extensive 
decomposition of the relatively unstable molybdenum 
aubene complex, coupled with the observation that 
unstable diphenylcarbene compkxes of group VI 
m&al8 can decompose to produce .botb coordinated 
and tiee diphenyl ketene under certain conditions’o 
suggest that 25 and 26 may result frog the reaction of 
oxazolinea 21 and 22 with (methoxy)(methyl)ketene 
(freearcoordinated)producedfromthedccomposition 
of the molybdenum carbene complex. However, 
decomposition of the corresponding chromium 
carbene complex in the presence of oxazolines 21 and 
22 led to 110 /3-lactam or oxazinone products, but rather 
the oxax&mz~was revered unchanged (aide supru). 
Thus the role of free ketenes in this reaction remains 
unresolved. Both the stereospecifkity and the lack of 
ketene-w products in the other Cr and MO carbene 
complex eh@stry presented here and elsewhere make 
the gener4 @@mediacy of free ketene in these 
reactions unlikely. 

EXPRRIMENTAL 

General pruc?edures. All m.ps were obtained with a Mel- 
Tcunp mq..apparatua and are uocorr&ai. IR qcctra were 
rcconiadaldBeckmaM 4200 spsctropbotameter. All 60 
MHz ‘H-NMR v wmc nzorded on either a V&an 

(4) 

p R=ti 14% 2S R=H 13% 

24 R.PhCCH2 13% a R.PhtX2 13% 

saturated with argon. THF (Fis+r, Spactra Grade) was 
pzedried over Na w&, heated at rdlux over Na wire with 
benzophcnonc, and distilled at atmospheric pressure uDder 
N,. Diethyl ether (Fischer, Rcagcnt Grade) was prcdrial over 
MgSO, hcatcd at rcflux over Na with benzophcnone, and 
distilled at atmospheric pr*rsurc under N,. Petroleum ether 
(Skelly solve F, petroleum naphtha) was he&cd at rellux over 
CaHl and di&lkd at atmcapheric pr*rwrt under NI. MeLi 
was p\mchrad from Aldrich as a 1.4 M aoln in Et,O. 
Trimethyloxonium tctratlwroborate was obtained from Alfa 
and was used without further purification- Chromium 
hexaaubonyl was purchased from Strem Chticala and was 
iinely ground in a mortar and pestle before use. [(Methoxy) 
(methy1)carbeneJpentacarbonylchromium(O) and -molyb 
dcnum(0) were synthesized by literature proca 
durcs.‘1~‘zThiazinc1andimines3and5wtrcs~~by 
the proadure of RatclifTe and Christcnsen.‘3 f+Vinylim& 
7.‘*bcruilmono~9and11.*‘anddiiminc1316wcrcalso 
p&red by literature procxduk, as were oxazincs lS17” 
and oxazolines 21 and 22.‘* 

General pracedure for the synthesis of /I-ktams through the 
photolytic reaction qf imines with chromium m nwlybdenum 
embcnes 

(CO),MEC(OMe)(Me) (1 cquiv.) was weighed into a Pyrex 
1CWnl Erlcmneyer Bask which was then se&d with a rubber 
serum cap. The reaction v-1 was evacuated and filled with 
argon(3cycks).(IftheiminewRasaeolidit waaintroduadinto 
the reaction vcascl before the vumal wan saled) Solvent @IO- 
100 ml/mmol) was added by meana of a amoula When the 
imine was a liquid it was introduced (1 cquiv.) by syringe The 
nxctionvceael wastbcncithcrpiaccdinastmnyapotoutdoors 
at ambient tunp or w with six 2&W Vitalitc 
fluorescent h&a. A&r x hr the soln became hatcrogencous 
cloudy, and c&n changed and darkened in color. Tbc ad 
pointwasdettrminadtobewhcnnomore~lorceaogcsiethe 
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soln could be observed. Isolation consisted of tiltration and 
removal of solvent in eacuo to yield a coIored oil. The oil in 
several cases was nearly pure /I-lactam but in most cases the oil 
contained small amounts of starting imine plus Cr by- 
products. These by-products were eliminated by dissolving 
the oil in a nonprotic solvent. The soln was then exposed to air 
in the same light used for irradiation. ARer x bra great deal of 
ppt formed and the soln was clear and colorless. Filtration and 
removal of solvent in vecuo yielded the desired /I-lactam along 
with starting material. Pur&ation was accomplished by 
recrystallization or by chromatography. 

Synthesis sf. 1 - diethylphosphonmethyJ - 2 - phenyl - 3 - 
merhoxy - 3 - why1 /kaz&Gone (4) 

Chromium ca&cnc complex (250 mg, 1 .O mmol) and S (255 
mg, 1.0 mmol) were combined in tbe usual mamter in CHsCl, 
(~O)andirrodiatbdundcrVitalitcsuntilnostartingmaterial 
wasdetected byTLC(l2hr).Afterairoxidation,tiltration,and 
solvent removal, the raidue was evaporatively distilled 
(200”/50 mm Hg) to give 4 as a colorless oil (307 mg, 90%) 

‘H-NMR (270 MHz) (0: S 1.30 (m, 6,2CH,CI&), 
1.65 (s, 3, -CH,), 3.06 (s, 3, -_ocH,k 4.11 (m, 6, -Cl&P, 2- 
OC&CH,), 4.70 (d, 1, JHT = 2.2 Hz, PhCHw 7.36 (m, 5. 
ArH). IR (neat): 1760 (s, C=O) cm-i. (Found: C, 56.04; H, 
7.01; N, 4.00. Calc for C,,Hs,,NO,P: C, 56.31; H, 7.04; N, 
4.11X.) 

Synthesis of 1 - diethylphosphonomethoxycarbonybnethyl - 2 - 
phenyl - 3 - methoxy - 3 - methyl - ~9 - aztidinone (r) 

Using the procedure described above the chromium 
carbene complex(250 mg, 1.0 mmol) and S(313 mg, l.Ommol) 
produced 320 mg (WA) of 6 as a mixture of diastereoisomers 
after evaporative distillation (m/50 mm Hg). 

‘H-NMR (270 MHz) (CDU,): d 1.30 (m, 6,2CH,C&), 
1.66 and 1.70 (s, 3. -CH,), 3.10 and 3.14 (s, 3, -0CHA3.48 
and 3.88 (s, 3, CO&H,), 4.05 (m, 1, -CHP), 4.22 (m, 4, 2- 
CKH,CH,),4.82(m, l.-PhCHN),7.36(m, 5,ArH). IR(neat): 
1741 (s, C=O), 1766 (s, C=O) cm-‘. (Found: C, 54.36; H, 
6.52; N. 3.59. Calc for CisHs6N0,P: C, 54.14; H, 6.52; N, 
3.51X.) 

Synthesis #methyl 3 -methyl - 7 - methoxy - 7 - methylceph - 3 - 
em - 4 - cmboxyf4re (2) 

Using the procedure described above, the chromium 
carbenecomplex(25Omg l.Ommol)andmethyl5metbyl-6H- 
1,3-thiaxine4carboxylate (171 mg. 1.0 mmol) produced an 
orange oil which was purified by Chromatotron (silica gel, 3 : 1 
hexane/ether)andmcrystallixedfromhexanetogive2(157mg, 
WA) m.p. 72-73“. 

‘H-NMR (270 MHz) (CDCl,): 6 1.54 (s, 3, CH,), 2.10 (s, 
3, =CC&), AB system, 6* = 3.14, & = 3.41, J,, = 17Hx 
(2, C&s), 3.50 (8. 3, OCH,), 3.86 (8, 3, CO,CH,), 4.85 (s. 1, 
CHS). IR (CC&.): 1740 (s, C=O), 1780 (s, C==O) cm-‘. 
(Found: C, 51.28; H. 6.02; N, 5.45. Calc for C,,H,,NO,S: 
C, 51.38 ; H, 5.83 ; N. 5.44x.) 

Syntheisof1-vinyl-3-ntethyl-3-methoxy-4-phenyl-/3- 
met&&me (8) 

By the procedure described above, the carbene complex 
(250 mg, 1 .O mmol) and N-vinvlbenxvlid I13 1 me 1 .O 
mmol)were irrad&ted in a diitbyl&er soln under a.rio~ 
After 3 days the brown heterogeneoussoln waaallowed to air 
oxidize. Standard isolation and purilication by Cbromatotron 
(2 mm silica gel, 1: 1 petroleum ether/ether) afforded 89 mg 
(41%) of 8 as a white solid (mp. 71-73”). 

‘H-IUMR (270.MHx) (CDCl& 6 1.66 (s, 39 CH,), 3.06 (s, 
3H.OCH,),4.31(d,lH.J = 11.9Hz~HrI.4.42(d.lH.J 
= 6.5H~&CHsj,4.67(s,lH,CH),6.78(dd,iH,J -‘li9Hx, 
J = 6.5 Hz, N--CH=C), 7.32-7.36 (m, 5H, Ph). IR (CDCI,) : 
1760 (C=O), 1639 (C=C) cm-‘. (Found: C, 72.04; II, 6.95; 
N, 6.37. Calc for C,sH,,NO,: C, 71.86; H, 6.96; N, 6.45x.) 

Synthesisof1,4-diphenyl-3-methoxy-3-methyl-4-benzoyl- 
p - ozetidinone (lh,b) 

By tha procedure described above, the carbene complex 
(25Omg l.Ommol) and N-phenyl ketoimine of bensil(285 mg, 
1 .O mmol) Were irradiated in a diethyl ether (60 ml) soln under 
argon.After4daysthedarkredsolnwasallowed toairoxidixe. 
Standard isolation and purification by Chromatotron (2 mm 
silica gel+ 1: 1 petroleum ether/ether) afforded 193 mg (520/,) of 
lOcontainingtwoisomcinaratioof2: l.Theseisomerswere 
not separabk on silica geL 

I~~I&A:‘H-NMR(~OMH~)(CDC~,):~~.~O(~,~H,CH~), 
3.48 (s, 3H, OCH,), 7.0-8.1 (a 15H. Phi. Isomer B: ‘H-NMR 
(60MHz)(~s):dl.SO(~jYCH;A3:78433H,~~7.~ 
8.1@,15H,Ph).IR(CIXl3:1745(C+0),1685(C=O)an-’. 
(Found: C, 77.36; II, 5.61; N, 3.69. Calc for C&Hs,NO,: C, 
77.61; &I, 5.70; N, 3.77x.) 

Synthcsisofl.3-d~hyl-3-methoxy-4-piun- 
/I - uzctkilnone (l2&b) 

Bytheproceduredescribedabovethecarbsnecomplex(250 
mg, 1.0 mmol) and the N-methyl btoiqriae of benxIl(223 mg, 
1.0 mmol) were irradiated with sunlight or the V&l&es for 48 
hr in 60 ml of diethyl ether. Oxidation iu ether with light, 
filtration, and concentration on the rotary evaporator gave 
270mgofawbitesemI-soIid. PurifkationbyChromatotron(2 
mm silica gel, 1: 1 petrokum ether/diethyl ether) gave 172 mg 
(52%) of 12 containing two isomers in a ratio of 1.15: 1. 

Isomer A : ‘H-NMR (60 MHx)(CDCl,) : 6 1.51 (s, 3H. CH,), 
2.93 (s, 3H, N-Me), 3.33 (s, 3H OCH,), 7.20(s, 5H, Ph), 7.5- 
8.O(m, 5H. Ph). Isomer B : ‘H-NMR (60 MHz)(CDCl,) : 6 1.43 
(s, 3H, CHs), 2.78 (s, 3H, N-Me), 3.65 (s, 3H. OCH,), 7.25 (a, 
5H, Ph), 7.40-8.0 (m, 5H, Ph). IR (CD&) : 1760 (C=O), 1685 
(c=o) cm -I. (Found: C, 73.81; H, 6.08; N. 4.44. Calc for 
C,sHH,,NO,: C, 73.77; H, 6.19; N, 4.53x.) 

Synthesimfl-phenyl-3.4-dimethyl-3-methoxy-4-acetanfl- 
/I - uzerid&wne (14a,b) 

By the procedure described above, the carbene complex 
(250 mg, 1.0 mmol) and the N-phenyldiimine of -2,3- 
butanedione (236 rn& 1.0 mmol) were irradiated in a C&Cl, 
(50 ml) sola &I&Z &god. After j hr, the soIn had turned & 
purple. Oxidation aRer 25 days of irradiation, &ation, and 
concentration on a rotary evaporator gave 188 mg ofa yellow 
solid PuritIcation by Chromatotron (2 mm silica gel, 1: 1 
petrolaunetha/othcr)pve144mg~5°~of14con~t~ 
isomersinaratioof(A=0.2.5:8= 1.0). 

Isow A : R, = 052 (WA ether/he&ns; silica & ‘H- 
NMR (360 MHz) (CDCl,): 4 1.62 (s, 3H, CHs), la2 (s, 3H. 
CH,), l.89(s,3H,CHs),3.56(s,3H.0CH,),6.74,7.0~7.55(m, 
lOH,Ph)IsowB:R, = 0.36. ‘H-NMR(360MHz)(CDCls): 
d 1.58@,3H,CHs), 1.86(s,6H, CH,), 3.61(8.3H,OCHs),6.65. 
7.05-7.55 (m 1OH. Ph). IR (CDCls): 1745 (M), 1650 
(C=N) cm-i. (Found: C, 74.54; H. 6.71; N, 8.61. Calc for 
Csr,Hs2Ns02: C, 74.51; H, 6.88; N. 8.6Y’/ 

~~~~~~l-benzyl-3-mathoxy-3-nuthyl-4-pkmyl-8- . . 

Tbe tetracarbonyl(methoxy(metbyl)carbaro)(triphenyl- 
phosphine)chromium(O) complex was pmparal according to 
the method of Fischer and Fiachers The carbena .+omplex 
(190 m& 0.39 mmol) was weighed into a quartx tube. The tube 
was sealed with a rubber serum cap, evacuate& a&tilled 
with argon (4 cycles). Diethyl ether (40 ml) ‘and N-benxyl- 
btnzylideneimine(76m~0.39mmol)wereadd~’andthcsoln 
was irradiated for 4 days. After oxidation, standard isolation 
and purification by Chromatotron (2 mm silica gel, 1: 1 
petroleumether/ether)aIforded 58mg(53%)ofthe/I-lactamas 
a colorless oil. 

‘H-NMR(60MHz)(CDCI,):61.61(~3H,CHs),3.1S(s,3H, 
OCH,), 3.95 (d, lH, J = 16.8 Hx CH,Phl4.28k 1H. CH1 
4.97 (d, 1H. J = 16.8 Iix, CHrPhi 7.45-7.55 (m, iOi3, Ph). Iii 
(CDCl,): 1753 (C==o) cm-‘. (Pound:C,76.59;H.676;N, 
4.90. Calc for C,sH,,NOs: C. 7684; II, 6.81;N, 4.98%) 



Chromium and molybdenum aubene complexes with imines 5837 

Syntheh cf74muhoxy. methyl)-Oephn (18) 
To a soln of [(methoxy)(methyl)e]pen&arbonyl- 

molybdenum(O) (295 mg, 1.0 mmol) in dry THF (50ml) in a 
pyrex jacketsd tube cooled by pumping -5? h4eOH/H,O 
froma~ttanp~thro~ituodcrargonat00was 
oddcd85mg(l.O~)dlS.Tbcrartdiontu~warirrPdiatod 
inaRayonstwith3000Asnd3~Alamss(6rofeoch)for72hr. 
Air oxidation inhexam, EtOAqliltratiw, and costcentration 
afforded 188.9 mg of a ydlow oil. Purification by 
Chromatotron (1 mm silica gel, bexane/EtOAc 9 : 2) afforded 
69.0 mg (40.4%) of the blactam. Crystallization of /&ctam 
from pentane afforded white crystal9 (m.p. 54-5y). 

(l.Smmd)of4,~et2~~~~~e~~~w~ 
irradiatedinaRayonctwith3000A~dJYX)A~~for72 
hr. Air oxidation, filtration, followal by co- on a 
rotovap afforded 179.1 mg of cru& hlinure. Pnr&aiion by 
Chromatotron (1 mm s&a & hexaq’EtOAc9 : 2) atlorded 
5 1 .O mg (13%) of oxazinone plus 40.0 mg (140/ of oxapenam. 

Ox4penam 23: ‘H-NMR (270 MHa)(CDCi,): 6 l.lS,(s, 3H, 
(c~)lc),117(s,3H,~COCH,A1.51(s,3H,(C~~~C),3.39 
(s, 3H, OCH,), 3.49 (d, lH, J = 7.8 Ha, CHA3.82 (d, lH, J 
= 7.8 Hr CH,), 5.14 (8, 1H. CIQ IR (CDCI,): 1760 (c=O) 
~-‘.(Found:C,58.12;H,8.28;N,7.8O.CakforC,H,,NO,: 
C, 58.40; H, 8.10; N, 7.570/,.) 

‘H-NMR (360 MHz) (CDCl,): 6 1.44 (s, 3H, CH& 1.55 (m. 
lH, NCH,CI&CH20), 1.83 (m, lH, NCH,C&CH,O), 3.09 

Ox&none U: ‘H-NMR (360 MHz) (CDCls): 6 1.20(s, 3H, 

(doft, lH,J’s = 4.6,12.2 Hz,NCI.I,),3.43(~,3H,oCH,),3.70 
(CH,),C), 1.32@,3H,(CH_,),C), 1.47(s,3H,CI&COCH,), 1.98 

(1, lH, J = 12.0 Hz, OC&), 3.90 (dd, lH, J’s = 5.8, 13.5 Hz, 
(s, 3H, C&C=), 3.25(s, 3H, C&OC=), 3.44(4 lH, J = 7.6 

NCllJ4.11 (d, lH, J = 120Hz,OCI&),49O(s, lH.OCHN). 
Hz, C&O), 3.58 (d, lH, J = 7.6 Hz, C&O), 3.61 (9, 3H, 

IR (CCl,) : 1770 (C=O) cm -I. (Found: C, 56.00; H, 7.73; N, 
OCH,), 4.88 (s, lH, CH). IR (CDCI,): 1760, 1720 (C=O) 

7.99.CalcforC,H,,NO,:C,56.15;H,7.6O;N,8.18”/,.) 
cm-‘. (Found: C, 57.47; H, 7.60; N. 4.97. Calc for 
C,,H,,NO,: C, 57.59; H, 7.74; N, 5.17%.) 

Synthesis of 2,4,4-trimethyl-bethyl_7+nethoxy, methy&O- 
cephum (19) 

To a soln of [(methoxy)(methyl)carbene]pentacarbonyl- 
molybdenum(O) (295 mg, 1.0 mmol) in dry THF (50 ml) in a 
pyrexco1djackettubeu~derargon~t0”w&added‘155m~(1.0 
mmol)ofl6.Thereaction tubtwasirradiatedinaravonetwith 
3000 A and 3500 A lamps for 48 hr. Air oxidation h hexane, 
EtOAc, filtration, and concentration a5orded 164.3 mg of a 
yellow oil. Purification by Chromatotron (1 mm alumina 
petroleum ether/ether 1: 1) afforded 102.0mg(42.3%) of the fi 
lactam containing two inseparable isomers. 

Isow A: ‘H-NMR (360 MHz) (CD&): 6 0.98 (t,3H, J 
= 7.3 Hz, CH,CI-l,), 1.21 (d, 3H, J = 6.1 Hz, C&CHO), 1.34 
(s, 3H, gem dimethyl), 1.39 (s, 3H. C&COCH,), 1.47 (m, 2H, 
CH& 1.55 (s, 3H, gem dimethyl), 1.97 (m, 2H. C&CHs), 3.49 
(s. 3H, OCH,), 3.89 (m, lH, C-H). Isomer B : ‘H-NMR (360 
MHz) (CDCI,): d 0.92 (t, 3H. J = 7.4 Hz, CHxCH,), 1.21 (d, 
3H, J = 6.1 Hz, C&CHO), 1.27 (s, 3H, gem dimethyl), 1.39 (s, 
3H, CI&COCH,), 1.48 (m, 2H, CI&), 1.57 (9, 3H, gem 
dimethyl), 1.89 (m, 2H, C&CHs), 3.51(s. 3H, OCH,),4.02(m, 
lH,C-H).IR(CDCl,): 1745(C=O)cm-‘.(Found:C,64.40; 
H, 9.27; N, 5.59. Calcfor C,,H,,NO,: C. 64.70; H, 9.54; N, 
5.81X.) 

Synthesis of 2,4,4 - trimethyl - 6 - benzyl - 7 - (methoxyqterhyl) - 
0 - cepham (20) 

To a soln of [(methoxy)(methyl)carbene]pentacarbonyl- 
molybdenum(O) (295 mg. 1.0 mmol) in dry THF (50 ml) in a 
pyrexcoldjackettubeunderargonatOowasadded2l7mg(l.O 
mmol) of 17. The reaction tube was irradiated in a Rayonet 
with 3ooO A and 3500 A lamps for 72 hr. Air oxidation in 
hexane, ethyl acetate, filtration, and concentration afforded 
270 mg of a yellow oil. Purification by Chromatotron (1 mm 
ahunina,petroleumether/ether 1: 1)afTorded 138.0mg(45.5”/ 
of the ~-&tam containing two isomers. 

Isomer A: ‘H-NMR (360 MHz) (CDCI,): d 1.21 (d, 3H, J 
= 6.1 Hz, C&CHO), 1.25 (s,3H, gem dimethyl), 1.36 (s, 3H, 
C&COCH,), 1.38 (m, 2H, CI&), 1.53 (s, 3H, gem dimethyl), 
3.05 (d, lH, J = 14.0 Hx, PhCH,), 3.31 (d, lH, J = 14.0 Hz, 
PhCH,), 3.48 (s, 3H, OCH,), 3.92 (m, lH, CH), 7.19-7.38 (m, 
5H, Ph). Isow B: ‘H-NMR (360 MHz) (CDCI,): 6 1.21 (d, 
3H, J = 6.1 Hz, CH_,CHO), 1.27 (s.3H, gem dimethyl), 1.37 (s, 
3H. C$,COCH,), 1.38 (d, 2H, J = 4.3 Hq C&), 1.62 (s, 3H, 
gemdunethyl),3.05(41H,J = 14.0HqPhCHx),3.31(d,1H,J 
= 14.0Hz,PhCHx),3.46(s.3H,0CH,),4.3(m, lH,CH),7.19- 
7.38 (m, 5H). IR (CDCl,): 1750 (C=O) an-‘. (Found: C. 
71.12; H, 8.12; N, 4.52. Calcfor C,,H,,NO,: C, 71.30; H, 
8.25 ; N, 4.62%.) 

Synthesis of qmethoxy~thy~3,M~~methyl-7~x~x51- 
azabicyclo[3.2.O]heprane (23) 

To a solo of [(methoxy)(methyl)carbene]pentacarbonyl- 
molybdenum(O) (442.5 mg, 1.5 mmol) in dry THF (50 ml) in a 
Pyrex cold jacket tube under argon at 0” was added 148.5 mg 

Synthesis of q~thoxysncthy~5-bmzyl-3,3-dimethyl-7-o 
4-oxo-l-azabicyclo[32.0]heptane (u) 

To a soln of [(methoxy(methyl)carbene]pentacarbonyl- 
molybdenum(O) (4425 mg, 1.5 mmol) in dry THF (50 ml) in a 
Pyrex cold jacket tube under argon at 0” was added 283.5 mg 
(1.5 mmol) of 2-benzyl+-dimethyl-2-oxazoline. The reaction 
tube was irradiated in a Rayonet with Moo A and 3500 A 
lamps for 72 hr. Air oxidation, filtration, followed by 
concentration alTorded 275 mg of crude mixture. Purification 
by Chromatotron (1 mm silica gel, hexane/EtOAc 9:2) 
afforded 68.5 mg (13%) of ox&none plus 53.0 mg (13%) of 
oxapenam. 

Oxqeruzm(24):‘H-NMR(270MHz)(CDCl,):61.13(s,3H, 
(CH,),Q 129@,3H,CH,COCH,), 1.52(s, 3H,(CI&),C),3.10 
(d, lH, J = 14.1 Hz CH,-Ph). 3.41 (d. 1H. J = 14.1 Hz 
CH,-Ph), 3.54 (s, 3H, OdH,), ji8 (d, ifi, J = 8.1 Hq CHx), 
3.92(d, lH,J = 8.1 &(X,),7.33-7.37(m,SH,Ph).IR(C&): 
1775(C==O)cm -‘.(Found:C,69.6O;H,7.80;N,4.83.Calcfor 
C,,H,,NO,: C, 69.83; H, 7.63; N. 5.090/,.) 

Oxazinone(26):‘H-NMR(36OMHz)(CDCl,):61.02(s,3H, 
(CI&)&), l.lO(s,3H,(C&),C), l.l9@,3H,CI-&COCH,), l.% 
(s,3H,CI&C=),3.07(d,lH,J= 14.0&CHzPh),3.17(41H, 
J = 8.3 Hz, CH,Ph), 3.22 (s, 3H, &Coc=), 3.31(4 lH, J 
=8.3Hz,CI&O),3.49(d,lH,J=8.3&CH,O),3.68(~,3H, 
OCH,), 7.21-7.38 (m, SH, Ph). IR (neat): 1765, 1720 (C=O) 
cm-‘. (Found: C, 66.75; H, 7.90; N, 3.76. Calc for 
C,,H,,NO,:C,66.51;H,7.48;N,3.88%.) 
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