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at reflux for 2 h. Solvent was evaporated, and water (30 mL) was 
added to the residue, which was extracted with CHC13 (3 X 25 
mL). The organic phase was washed with water (15 mL), dried, 
and concentrated to yield 66 mg of product. The aqueous layers 
were further basified with ice-cold 5% NaOH (10 mL) and ex- 
tracted with CHC1, (4 X 40 mL). After a water wash (25 mL), 
solvent was removed to give 0.149 g (combined) loa for a 95% 
yield NMR 6 1.35-1.95 (m, 25 H), 2.25-2.85 (m, 6 H), 2.95-3.38 
(m, 6 H), 3.50 (s,2 H), 5.32 (br s, 1 H), 7.33 (m, 5 H). Anal. Calcd 
for CZ7H4&l3N4O4: C, 54.41; H,  7.61; N, 9.40. Found: C, 54.28; 
H, 7.64; N, 9.31. 

Acylation of 10a (lob). p-Toluoyl chloride (36.9 mg, 0.239 
mmol) in CH2C12 (6 mL) was added to 10a (0.130 g, 0.218 mmol) 
and triethylamine (27.6 mg, 0.273 mmol) and the solution stirred 
for 1 day. The reaction was worked up by the method of 9b to  
give 0.17 g of the crude product. Preparative-layer chromatog- 
raphy (3% EtOH/CHCl,) furnished 0.137 g of 10b for an 88% 
yield: NMR 6 1.37-2.05 (m, 23 H) ,  2.3-2.62 (m, 7 H), 3.02-3.6 
(m, 10 H),  5.3 (br s, 1 H), 7.15-7.92 (m, 10 H). Anal. Calcd for 
C35H51C13N405.H20: C, 57.41; H ,  7.30; N, 7.65. Found: C, 57.70; 
H, 7.01; N, 7.67. 

Removal of TCBOC from 7 (6). Freshly activatedz1 zinc dust 
(0.98 g, 15.0 mmol) was added to 7 (0.181 g, 0.262 mmol) in distilled 
THF (5 mL) with stirring. Potassium dihydrogen phosphate (1.0 
M, 1.0 mL) was added and the mixture stirred for 21 h. The solids 
were filtered and washed with THF and the filtrate concentrated. 
Ice-cold 5% NaOH (20 mL) was added to  the residue, followed 
by extraction with CHC1, (3 X 25 mL). The organic phase was 
washed with water (20 mL), dried, and concentrated to give 0.135 
g of the crude product. Column chromatography (8.0 g SiOz, 
CH30H) produced 98 mg of 6 (77% yield): NMR 6 1.35-1.85 (m, 
18 H), 2.3-2.67 (m, 6 H),  2.7-2.9 (m, 2 H), 3.17 (9, 2 H, J = 7), 
3.36-3.6 (m, 4 H),  5.3-5.4 (br s, 1 H), 7.3-7.4 (m, 5 H). 

Acylation of 6 (11). p-Toluoyl chloride (46.3 mg, 0.300 mmol) 
in CHzClz (5 mL) was added to  6 (from 7,0.135 g, 0.276 mmol) 
and triethylamine (29.5 mg, 0.292 mmol) in CHZClz (5 mL), and 
the solution was stirred for 1 day. The reaction was diluted with 
CH2Clz (20 mL) and washed with 5% NaHCO, (20 mL). After 
further extraction with CHzCl2 (2 X 20 mL), the organic phase 
was washed with HzO (20 mL), dried, and evaporated to give 0.18 
g of oil. Purification by preparative-layer chromatography (4% 
EtOH/CHCl,) gave 0.149 g of 11 for an 89% yield NMR 6 1.2-2.0 
(m, 17 H),  2.2-2.55 (m, 7 H) ,  2.95-3.65 (m, 10 H), 5.15 (br s, 1 
H), 7.2-7.4 (m, 9 H), 8.5 (br s, 1 H). Anal. Calcd for C32H45F3N404: 
C, 63.35; H, 7.48; N, 9.23. Found: C, 63.19; H, 7.55; N, 9.15. 

Benzylamine a n d  N-Benzylmethylamine with 5. Reagent 
5 in benzene (0.34 M, 6.0 mL, 2.04 mmol) was added by syringe 
over 4 min to  a rapidly stirred solution of benzylamine (0.23 g, 
2.15 mmol) and N-benzylmethylamine (0.26 g, 2.15 mmol) in dry 
CH2Cl2 (50 mL) a t  0 "C under Nz. The reaction was stirred for 
21 h (0 "C to room temperature). After solvent removal, 1 N HCl 
(20 mL) was added and the mixture extracted with ether (3 X 
20 mL). The combined organic phase was washed with brine (20 
mL), dried, and concentrated to  give 0.336 g of the product. 
Column chromatography (10 g SiOz, 30% n-hexane/CHC13) 
combining all eluant beginning with column loading through the 
UV-active band gave 0.285 g of N-benzyltrifluoroacetamide (70% 
yield). Note: N-benzyl-N-methyltrifluoroacetamide elutes faster 
than N-benzyltrifluoroacetamide. NMR 6 4.53 (d, 2 H, J = 6), 
6.6-7.53 (m, 6 H). A multiplet a t  6 3.0 indicated less than 5% 
N -  benzyl-N-methyltrifluoroacetamide. 

Aniline a n d  N-Methylaniline wi th  5. Reagent 5 in benzene 
(0.34 M, 6.0 mL, 2.04 mmol) was added by syringe over 3 min 
to  a rapidly stirred solution of aniline (0.21 g, 2.25 mmol) and 
N-methylaniline (0.23 g, 2.15 mmol) in dry CHzClz (25 mL) a t  
0 "C under Nz. The reaction was stirred for 15 h (0 OC to room 
temperature). After solvent removal, 1 N HCl(25 mL) was added 
and the mixture extracted with ether (3 X 25 mL). The organic 
phase was washed with brine (25 mL), dried, and concentrated 
to give 0.37 g of solid. Column chromatography (30.6 g SOz,  30% 
n-hexane/CHC13) combining all eluant beginning with column 
loading through the UV-active band furnished 0.328 g of N- 
phenyltrifluoroacetamide (85% yield). Note: N-methyl-N- 

(21) Organic Syntheses; Wiley: New York, 1955; Collect. Vol. 111, pp 
410-412. 
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phenyltrifluoroacetamide elutes faster than N-phenyltrifluoro- 
acetamide. NMR 6 7.1-8.2 (m). 

Aniline a n d  N-Methylani l ine w i t h  Trif luoroacet ic  An- 
hydride. Trifluoroacetic anhydride (0.40 g, 1.90 mmol) in dry 
CHzClz (15 mL) was added dropwise over 15 min to a stirred 
solution of aniline (0.21 g, 2.25 mmol), N-methylaniline (0.23 g, 
2.15 mmol), and triethylamine (0.3 mL, 2.15 mmol) in CH2ClZ (15 
mL). After being stirred for 12 h, the reaction was worked up 
following the prior procedure to give 0.22 g of product. Column 
chromatography (10.6 g SiOz, 30% n-hexane/CHClJ gave 0.155 
g of product, which contained a 3:l mixture of N-phenyltri- 
fluoroacetamicte and N-methyl-N-phenyltrifluoroacetamide. 
NMR 6 3.37 (s, N-methyl). 
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Direct conversion of silyl ethers such as tert-butyldi- 
methylsilyl (TBDMS)' and tert-butyldiphenylsilyl (TBD- 
PSI2 ethers into synthetically useful functional groups 
without deprotection seems to be very important for fur- 
ther manipulation in the synthesis of complex molecules. 
I t  has been reported that silyl ethers have been directly 
converted into the corresponding acetates with acetic an- 
hydridelferric chloride3 and an acid chloride/zinc chlo- 
ride.4 Furthermore, direct conversion of silyl ethers into 
alkyl bromides with triphenylphosphine dibromide5 and 
triphenylphosphine/carbon tetrachloride6 has been re- 
cently reported during our studies on the same subject. 

We have found that boron tribromide in methylene 
chloride is very effective for the conversion of TBDMS and 
TBDPS ethers into the corresponding bromides in high 
yields (eq 1). It has been known that TBDMS ethers are 

room temperature 
ROR' + BBr3 CH*Clz RBr 

R' = TBDMS, TBDPS 

deprotected to the alcohols with boron trifluoride etherate' 
and dimethylboron bromide.8 Furthermore, i t  has been  

(1) Corey, E. J.; Venkateswarlu, A. J.  Am. Chem. SOC. 1972,94,6190. 
(2) Hanessian, S.; Lavallee, P. Can. J .  Chem. 1975, 53, 2975. 
(3) Ganem, B.; Small, V. R. J. Org. Chem. 1974, 39, 3728. 
(4) Kim, S.; Lee, W. J. Synth. Commun. 1986, 16, 659. 
(5) Aizpurua, J. M.; Cossio, F. P.; Palomo, C. J .  Org. Chem. 1986,51, 

(6) Mattes, H.; Benezra, C. Tetrahedron Lett .  1987, 28, 1697. 
(7) Kelly, D. R.; Roberts, S. M.; Newton, R. F. Synth. Commun. 1979, 

4941. 

9, 295. 
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Table I. Conversion of Silvl Ethers into Alkyl Bromides with Boron Tribromide 
silyl ether 

C6HsCHzCHzOTBDMS 
CsH5CH2CH20TBDPS 
CH3(CH2)80TBDMS 
CHs(CH2),CH(OTBDMS)CH3 
CH3(CH2)5CH(OTBDPS)CHB 

CH3(CH2)2CH=CHCH20TBDPSd 
CH2=CHCH(OTBDMS)(CH2)4CH3 
C6H5CH2OTBDMS 
CBH&H(OTBDMS)CH, 
C,HbCH(OTBDPS)CH3 

CH3(CH2)2CH=CHCH20TBDMSd 

-tir?)_oTsDMsp 

time 
4 h  
7 h  
4 h  

10 min 
10 min 
10 min 
10 min 
10 min 
10 min 
10 min 
10 min 

yield, % a  bp, "C (mmHg)*Zc lit. bp, "C (mmHg) 
89 72-75 (5) 92 (1l)f 
88 
92 63-67 (1) 88 (4)' 
93 69-71 (14) 72 (14)f 
91 
85d 49-54 (20) 67-72 (44)g 
8Id 
84e 60-63 (6.1) 80-85 (14)h 
90 55-58 (3) 201 (760)' 
93 57-60 (3) 85 (13)f 
94 

10 min 9W 71-75 (1.5) 104-110 (14)j 

10 min 85 49-53 (20) 156-160 (760)' 

Isolated yields. *Reported boiling points are those obtained during distillation with Kugelrohr apparatus. Satisfactory NMR data were 
obtained for all compounds. dTrans double bond. e 1-Bromo-trans-2-octene. fHandbook of Data on Organic Compounds; Weast, R. C.; 
Astle, M. J., Eds.; CRC: Boca Raton, FL 1985. gYoshioka, T. Chem. Abstr. 1958,52, 11740h. "Myaghova,, G. I.; Novozhilov, A. V.; Bainova, 
M. S.; Bazilevskaya, G. I.; Yakimenko, S. M.; Preobrazhenskii, N. A. Chem. Abstr. 1969, 71, 123453~. '93:7 (cixtrans) by GLC analysis. 
j65:35 (cis:trans) by 'H NMR analysis. Eliel, E. L.; Martin, R. J. L. J. Am. Chem. SOC. 1968, 90, 689. 

f o u n d  that the reac t ion  of phene thy l  tert-butyldi-  
methylsilyl  ether wi th  an equimolar amount of boron 
trichloride i n  methylene  chloride gives a 68:21 mixture  of 
phenethyl  chloride and phenethyl  alcohol at room tem- 
perature in 24 h, while the reaction with boron tribromide 
gave 89% of phenethyl  bromide wi thout  the formation of 
phene thy l  alcohol in 4 h under the same conditions. 

Table I summar izes  some exper imenta l  results and il- 
lustrates the efficiency and the applicability of the present 
method. The reaction of TBDMS ethers wi th  an equi- 
molar amount of boron t r ibromide  in  methylene chloride 
proceeded smooth ly  at room temperature, yielding the 
corresponding bromides in high yields after simple aqueous 
workup. The reaction rate depends very much on the 
nature of TBDMS ethers. Ter t ia ry ,  secondary, benzylic, 
and allylic TBDMS ethers reacted much more rapidly than 
pr imary  alkyl TBDMS ethers. Fur thermore ,  it is note- 
worthy that primary and secondary allylic TBDMS ethers 
were converted into the primary allylic bromides, in  which 
isomerization of a double bond i n  a secondary allylic 
TBDMS ether occurred exclusively. Similar results were 
generally obtained with TBDPS ethers under the similar 
conditions.  

The mechanism and s te reochemis t ry  of the present 
method were briefly s tud ied  wi th  optically active (-)-2- 
octyl tert-butyldimethylsilyl  ether. The reaction wi th  
boron t r ibromide  i n  methylene  chloride at room temper- 
ature for 10 min  afforded 2-bromooctane in 90% yield with 
71% retention of configuration. Thus, i n  the case of 
secondary alkyl TBDMS ethers, this data supports a dual 
mechanism involving complex format ion  f rom TBDMS 
ether and boron t r ibromide  followed by internal nucleo- 
philic d i sp lacement  (SNi) along wi th  SNl.9 Finally,  i t  is 
of in te res t  to note that conversion of (-)-2-octyl te r t -bu-  
ty ld imethyls i ly l  ether i n t o  2-bromooctane  wi th  t r i -  
phenylphosphine dibromide proceeded with 97 % inversion 
of configuration. 

Experimental Section 
NMR spectra were recorded with Varian T-60A and FT-80A 

spectrometers and reported boiling points are those observed 

~~ ~ 

(8) Guindon, Y:; Yoakim, C.; Morton, H. E. J. Org. Chem. 1984, 49, 
3912. 

(9) Although the reaction may proceed to some extent via s N 2  attack 
by bromide, it is believed that SNI is much more favored than s N 2  be- 
cause secondary alkyl TBDMS ethers reacted much more rapidly than 
primary alkyl TBDMS ethers. 

during distillation with a Kugelrohr apparatus. GLC analysis was 
performed on a Varian 3700 chromatograph using a 10% Car- 
bowax 20M column and optical rotations were measured with an 
automatic polarimeter Autopol 111. Analytical thin-layer chro- 
matography was performed on precoated silica gel plates (0.25 
mm, 6OF-254, E. Merck), and silica gel (0.0634.020 mm, E. Merck) 
was used for column chromatography. 

All the reagents purchased from Aldrich were used without 
further purification. TBDMS and TBDPS ethers were generally 
prepared by the known and tertiary alkyl TBDMS 
ethers were prepared by using TBDMS triflate." 

General Procedure for the Conversion of TBDMS and 
TBDPS Ethers into Alkyl Bromides with Boron Tribromide. 
To a solution of phenethyl tert-butyldimethylsilyl ether (473 mg, 
2.0 mmol) in methylene chloride (5 mL) in an ice bath was added 
a solution of boron tribromide (1.0 M, 2.2 mL) in methylene 
chloride, and then the ice bath was removed. The reaction mixture 
was stirred at  room temperature, and the progress of the reaction 
was followed by TLC analysis. After being stirred at  room tem- 
perature for 4 h, saturated NaHC03 solution (5 mL) and ether 
(30 mL) were added. The organic layer was washed with saturated 
NaHC03 solution (30 mL) and brine (30 mL), dried over an- 
hydrous MgS04, and evaporated to dryness under reduced 
pressure. The crude product was purified by distillation with a 
Kugelrohr apparatus to afford phenethyl bromide (329 mg, 89%). 

Conversion of (-)-2-Octyl tert -Butyldimethylsilyl Ether 
into (-)-2-Bromooctane with Boron Tribromide. (-)-2-0ctyl 
tert-butyldimethylsilyl ether ([(Y]*OD -13.27' (neat), 91% optical 
purity) was prepared from (-)-2-octanol ([.lmD -9.0 (neat), 91% 
optical purity)" by the known p r ~ c e d u r e . ~  To  a solution of 
(-)-2-octyl tert-butyldimethylsilyl ether (615 mg, 2.0 mmol) in 
methylene chloride (5 mL) in an ice bath was added a solution 
of boron tribromide (1.0 M, 2.2 mL) in methylene chloride, and 
the ice bath was removed. The  reaction mixture was stirred a t  
room temperature for 10 min and then treated with saturated 
NaHC03 solution (5 mL) and ether (30 mL). The organic layer 
was washed with saturated NaHC03 (30 mL), dried over an- 
hydrous MgSO,, and evaporated to dryness. Kugelrohr distillation 
gave 2-bromooctane (348 mg, 90%) having [aI2OD -17.01' (neat) 
which corresponds to 71 % retention of configuration.I2 Fur- 
thermore, the reaction of (-)-2-octyl tert-butyldimethylsilyl ether 
with triphenylphosphine dibromide was carried out in methylene 

(10) Corey, E. J.; Cho, H.; Rucker, C.; Hue, D. H. Tetrahedron Lett. 
1986,26, 3455. 

(11) (S)-(-)-2-Octanol was purchased from Aldrich ( [ a l Z 0 ~  -9.0' 
(neat)). The maximum reported rotation is [aIz00 -9.9' (neat) (The 
Merck Index; Merck & Co. Inc.: Rahway, NJ, 1976). 

(12) The maximum reported rotation for (-)-2-bromooctane is [ciIz0D 
-44.91" (neat) (The Merck Index; Merck & Co. Inc.: Rahway, NJ, 1976). 
The corrected value based on 91% ee for (-)-2-octyl tert-butyldi- 
methylsilyl ether is [.Iz0D -18.69'. 
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chloride by the known procedure: and 2-bromooctane having 
[ ( ~ ] ~ ~ . + 3 8 . 7 1 ~  (neat) was obtained in 92% yield. This represents 
97% inversion.12 
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Introduction 
Following the discovery of naturally occurring mono- 

cyclic P-lactams such as the nocardicins 1 and the mono- 
bactams 2, many synthetic analogues having more desir- 
able biological properties have been developed.' These 
include monobactams alkylated at the 4-position (3).2 

1 2 (X - SO3) 3 (R', R2 - H, Me) 
(X - so;. OSO,') 

Nocardicins have been synthesized by the reaction of acid 
chlorides with a Schiff base: by Ugi four-component 
condensation chemistry: by P-halopropionamide ring 
closure, ring expansion, or azetidine carboxylate oxidative 
decarboxylation,s by Pd(0)-catalyzed carbonylation of 

a-bromoallylamine,6 and by cyclization of the hydroxamic 
acid of N-boc-~-serine.' Monobactams have been syn- 
thesized from 6-APA,8 and by cyclization of 0-hydroxyacyl 
sulfamatesg or of 0-hydroxy hydroxamic acid derivatives.1° 

A new approach to p-lactams involving the photolytic 
reaction of chromium carbene complexes with imines has 
recently been developed in these laboratories (eq 1).l1 The 
application of this approach to the synthesis of monocyclic 
and bicyclic 0-lactams is described below. 

Y n3 

X - R; Y OFi,NR,' 

X - H; Y I NR,' 

Results and Discussion 
The process described in eq 1 is very general, in that a 

wide variety of substituted imines are cleanly converted 
to P-lactams by this chemistry. A potential problem with 
its application to monobactam syntheses results from ex- 
istence of the requisite aldehyde imines predominantly as 
cyclic trimers-hexahydro-l,3,5-triazines-rather than as 
imine monomers. One of the few formaldehyde imines that 
is monomeric is N-methylidene tert-butylamine, and this 
substrate converted cleanly to @-lactam 2a upon irradiation 
in the presence of carbene complex 1 (eq 2). The mo- 
nomeric N-benzyl imine of acetone also was converted to 
the corresponding p-lactam 2b, in modest yield (eq 2). 

2a R' = m u ;  R? R3 = H 72% 

2b R' - Bz; R2, R3 - Me 56% 

Cyclic trimers of formaldehyde imines (eq 3) and car- 
bocyclic imines (eq 4) also underwent efficient reaction 
with carbene complex 1, producing azetidinone 3a,b, 
carbapenam 4a, and carbacepham 4b derivatives in good 
yield. 

Nocardicin precursors have recently been synthesized 
by the reactions of ketenes with the chiral imine produced 
in situ from the BF,.etherate assisted cleavage of chiral, 
optically active trimer 5. These reactions went in good 
yield and gave a 3:l mixture of diastereoisomers, thus 
showing modest asymmetric induction.'* In an attempt 
to use a similar process, chiral, optically active trimer 5 
was photolyzed with carbene complex 1 (eq 5). Although 

(1) For a recent review on j3-lactams, see: Diirckheimer, W.; Blum- 
bach, J.; Lattrell, R.; Scheunemann, K. H. Angew. Chem., Int. Ed. Engl. 
1985. 24. 180. 

(2) (ai Cimarusti, C. M.; Bonner, D. P.; Breuer, H.; Chang, H. W.; 
Fritz, A. W.; Floyd, D. M.; Kissick, T. P.; Koster, W. H.; Kronenthal, D.; 
Massa, F.; Mueller, R. H.; Plusec, J.; Slusarchyk, A.; Sykes, R. B.; Taylor, 
M.; Weaver, E. R. Tetrahedron 1983,39,2577. (b) Yoshida, C.; Hori, T.; 
Momoni, K.; Nagumo, K.; Nakamo, J.; Kitani, T.; Fukuoka, Y.; Saikawa, 

(2) (ai Cimarusti, C. M.; Bonner, D. P.; Breuer, H.; Chang, H. W.; 
Fritz, A. W.; Floyd, D. M.; Kissick, T. P.; Koster, W. H.; Kronenthal, D.; 
Massa, F.; Mueller, R. H.; Plusec, J.; Slusarchyk, A.; Sykes, R. B.; Taylor, 
M.; Weaver, E. R. Tetrahedron 1983,39,2577. (b) Yoshida, C.; Hori, T.; 
Mom ; Fukuoka, Y.; Saikawa, 
I. J. Antibiot. 1985, 38, 1536. 

(3) (a) Kamiya, T.; Hashimoto, M.; Nakiguchi, 0.; Oku, T. Tetrahe- 
dron 1979,35,323. (b) Cunan, W. V.; Sassiver, M. L.; Ross, A. S.; Fields, 
T. L.; Boothe, J. H. J. Antibiot. 1982, 35, 329. 

(4) (a) Hatanaka, M.; Noguchi, N.; Ishimura, T. Bull. Chem. SOC. Jpn. 
1982,55,1234. (b) Isenring, H. P.; Hofheinz, W. Tetrahedron 1983,33, 
2591. 

(5) Wasserman, H. H.; Hlasta, D. J.; Tiemper, A. W.; Wu, J. S. J. Org. 
Chem. 1981,46,2999. 

(6) Chiba, K.; Mori, M.; Ban, Y. Tetrahedron 1985,41, 387. 
(7) Miller, M. J.; Mattingly, P. G.; Morrison, M. A.; Kerwin, I. F., Jr. 

J. Am. Chem. SOC. 1980,102, 7026. 
(8) Cimarusti, C. M.; Applegate, H. E.; Chang, H. W.; Floyd, D. M.; 

Koster, W. H.; Slusarchyk, W. A.; Young, M. G. J .  Org. Chem. 1982,47, 
180. 

(9) Floyd, D. M.; Fritz, A. W.; Cimarusti, C. M. J .  Org. Chem. 1982, 
47, 176. 

(10) Miller, M. J.; Biswas, A,; Krook, M. A. Tetrahedron 1983, 39, 
2571. 

(11) (a) McGuire, M. A.; Hegedus, L. S. J.  Am. Chem. SOC. 1982,104, 
5538. (b) Hegedus, L. S.; McGuire, M. A.; Schultze, L. M.; Yijun, C.; 
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