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A new approach to the synthesis of the carbapenem antibiotics is described. A formal total synthesis of 
(f)-carpetimycin A has been accomplished. The key reaction is the addition of chlorosulfonyl isocyanate to an 
allenyl sulfide to produce a 3-alkylideneazetidin-2-one. The allenyl sulfide is prepared via reduction of an allenyl 
sulfoxide with NaI/TFAA/Et3N. The alkylidene side chain is converted to an hydroxyalkyl group by treatment 
with hypobromous acid followed by reduction with (n-Bu),SnH. Thus, both allenyl sulfides and a-alkylidene 
0-lactams are shown to be accessible and useful synthetic intermediates. 

We recently undertook1 a reinvestigation of the reaction 
of chlorosulfonyl isocyanate (CSI) with allenes2 in order 
to explore methods for the production of synthetically 
useful a-alkylidene p-lactams. These ideas were spurred 
by recent advances in allene chemistry3 and the discovery 
of the a-alkylidene p-lactam structural unit in several 
potent p-ladamase inhibitors, such as the asparenomycin~~ 
(l), Ro15-19035 (2), and 6-[(Z)-methoxymethylenel- 
penicillanic acid6 (3). In particular, we were interested 

Me 

Me%s,>NHAc 0 H $ -  0 'h Hpy, & 0 2 H  

CO,H COzH 

1 n=1,0  2 3 

in the addition of CSI to heterosubstituted allenes of type 
4, where X is oxygen or sulfur, to produce /3-lactams 5 
which we felt might be synthetically versatile precursors 
to a number of antibiotics. In an earlier work,' we ob- 

1) CSI - 
2) Na2S0, 

4 5 

served that the addition of CSI to 1-acetoxy-3-methyl- 
buta-1,2-diene (generated by treatment of 3-acetoxy-3- 
methylbut-1-yn-3-01 with silver perchlorate) produced the 
versatile P-lactam 6, which we used to complete a formal 
total synthesis of (f)-asparenomycin C. The practical 
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utility of this method, however, was limited by two factors: 
(1) Not surprisingly: the CSI addition proceeded in low 
yield (23%, albeit from readily available materials). (2) 
The silver-catalyzed rearrangement of propargylic acetates 
to allenyl acetates is not a general reaction and works well 
only when the propargyl acetate is both a tertiary acetate 
and a terminal acetylenesg This severely restricts the 
number of allenyl acetates available for CSI addition and 
the types of side chain which can be introduced. We thus 
sought other allenes that might perform the same function 
but having a preparation that is less sensitive to small 
structural changes and that are capable of adding CSI in 
better yield. 

If such allenes could be found, our second goal was to 
develop the chemistry of these a-alkylidene P-lactams. 
Typically, this functional unit is produced by eliminationlo 
or by olefination (both Wittig" and PetersonGbJ2). Since 
our methodology produced this subunit early in the se- 
quence, we were intrigued by the possibility of using the 
unsaturation to generate other side chains, in particular 
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the hydroxylalkyl side chains common to many of the 
carbapenem antibiotics. 

Results and Discussion 
We envisioned that allenyl sulfides might prove to be 

suitable substitutes for allenyl acetates. Early work13 had 
shown that some vinyl sulfides were capable of undergoing 
CSI addition to produce 4-(arylthio)azetidin-2-ones. Al- 
lenyl sulfides had been prepared by the base-catalyzed 
isomerization of propargyl thioether~, '~ by direct addition 
of phenylthiocopper trimethylphosphite complex to pro- 
pargyl halides,15 and by reduction of allenyl sulfoxides with 

We favored the last procedure because of the ready 
availability of starting materials and the ease of handling 
the reagents. Thus treatment of 3-methylbut-1-yn-3-01 
with p-chlorobenzenesulfenyl chloridell in the presence of 
triethylamine, according to the procedure of Horner,ls 
produced allenyl sulfoxide 7 in 73% yield. Unfortunately, 
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treatment of this compound with P& and other reducing 
agents failed to give good yields of the desired allenyl 
sulfides. Reasoning that the allenyl sulfoxides, or the 
corresponding sulfides, might be unstable to the harsh 
conditions sometimes employed in these reactions, we 
modified the reducing medium of Oae19 by adding tri- 
ethylamine and performed the reaction at  low temperature. 
These conditions cleanly produced allenyl sulfide 8 in 98% 
yield (Scheme I). Unfortunately, CSI addition to this 
compound gave, a t  best, a disappointing yield of 20%. 

Since Moricon? had obtained his best yields with tet- 
raalkyl allenes, we wondered if replacing the hydrogen a 
to sulfur with an alkyl substituent would also improve our 
yields. Indeed, an alkyl substituent at  this site (to become 
the 4-position of the 2-azetidinone) was required in the 
natural product, and placement a t  this stage of the syn- 
thesis might avoid a second, sometimes difficult, substi- 
tution reaction on the p-lactam. CooksonlG and Bridges20 
have investigated the lithiation and subsequent electro- 
philic substitution of allenyl sulfides. The proton a to 
sulfur is, in most cases, readily removed and reaction with 
alkyl halides and carbonyl compounds proceeds in rea- 
sonable yield. 

Gratifyingly, when sulfide 8 was treated with n-BuLi and 
then with iodo ether 9, the alkylated allenyl sulfide 10 was 
obtained in 82% yield. Subsequent treatment with CSI, 
followed by reductive workup, produced P-lactam 11 in 
66% yield. Earlier, we had observed that 4-acetoxy-341- 
methylethylidene)azetidin-2-one (6a) was unstable to 
column chromatography as the free NH compound and 
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had to be protected as the NTBDMS compound, 6b, be- 
fore such purification was possible. Sulfide 10, however, 
survived column chromatography (SO2) nicely. In fact, 
we were unable to prepare the NTBDMS derivative of 11, 
possibly due to steric hindrance. We thus decided to re- 
move the protecting group from the oxygen thereby pro- 
ducing the relatively insoluble alcohol 12, and protecting 
as the acetonide 13 (69% overall). Attempted removal of 
the thioaryl group with Raney nickel gave low and variable 
yields of bicyclic P-lactam 14. A useful alternative was to 
treat 13 with tributyltin hydride in the presence of AIBN 
to produce 14 in quantitative yield. We have since pre- 
pared several @-lactams of this type and briefly explored 
their reactivity.21 

We felt 14 would be the ideal compound with which to 
explore the reactivity of the a-alkylidene side chain. A 
closely related molecule, 15, had been prepared 22 and used 
in a total synthesis of (f)-carpetimycin A (C-19393 HJZ3 
(19) (a highly potent, broad-spectrum antibiotic with p- 
lactamase inhibitory activity). In these cases, however, 

15 

the hydroxyalkyl side chain had been generated by aldol 
condensation. Earlier, we had shown7 that the a-alkylidene 
p-lactam 6b could be transformed to chlorohydrin 16 
(stereochemistry undetermined) on treatment with hypo- 
chlorous a ~ i d . ~ ~ , ~ ~  We assumed that if the highly sensitive 

16 
6b 

4-acetoxy compound could undergo such a transformation, 
then the relatively stable 14 would certainly follow suit. 
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Hirai, H.; Sawada, K.; Yamada, A.; Hashimoto, M. Tetrahedron Lett. 
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1985,26, 3441. 
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However, treatment of 14 with hypochlorous acid under 
identical conditions produced a mixture of products which, 
when analyzed by 'H NMR, completely lacked the rela- 
tively high-field methyl absorptions characteristic of the 
saturated chlorohydrin. After careful consideration of this 
result, we reasoned that the acetate 6b might be capable 
of intramolecular stabilization of the incipient carbocation, 
thus providing a longer lived intermediate for nucleophilic 
capture. Without such stabilization, the cation might be 
vulnerable to other modes of decomposition. W~linsky, '~ 
for example, has shown that addition of 1 equiv of hypo- 
chlorous acid to a,P-unsaturated ketones produces cy- 

chloro-p,y-unsaturated ketones. A possible alternative 
would be to use the softer electrophile Br+ in a solvent 
which can, itself, help stabilize the carbocation. Indeed, 
treatment of 14 with NBS in wet Me2SOZ6 provided bro- 
mohydrins 17 in 60% yield (Scheme 11). This material 
appears to be predominantly a single isomer by 13C NMR, 
but no attempt was made to identify its stereochemistry. 

Completion of the formal synthesis was effected by 
tributyltin hydride reduction of bromohydrin 17 to provide 
a-hydroxyalkyl p-lactams 15 and 18 in 63% and 27% 
yields, respectively. These materials were readily separated 
by column chromatography. As noted previously,22 the 
bulky tin hydride prefers addition from the least hindered 
side of the radical to produce predominantly the required 
cis disubstituted compound. 15 was identical (NMR, TLC, 
IR) with a sample provided by Dr. Hashimoto, and its 
NMR spectra were identical with the NMR spectra pro- 
vided by Dr. Natsugari. *$"" 
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allowing a wide variety of substitution patterns. 
This work complements existing methodology by pro- 

viding an additional method for the introduction of the 
a-hydroxyalkyl side chain, common to a number of 6- 
lactamase inhibitors. I t  also provides an additional way 
to develop the second (non-p-lactam) portion of the bicyclic 
system which does not involve nucleophilic displacement 
on a 4-acetoxy-2-azetidinone or a preexisting bond at  the 
4-position. Since this substituent is put on by electrophilic 
substitution of the lithiated allene, this process constitutes 
a reversal in polarity with respect to acetate substitution 
and should be amenable to the preparation of a wide range 
of structures. 

Experimental Section 
Melting points were determined in open capillaries with a 

Mel-Temp Laboratory Devices apparatus and are uncorrected. 
NMR spectra were recorded on an IBM/Bruker WP-2OOSY in- 
strument. Infrared spectra were recorded on a Perkin-Elmer 
Model 283 infrared spectrometer. Elemental analyses were carried 
out by Canadian Microanalytical Service Ltd. (Vancouver, B.C.). 
CHzClz, CH,CN, Me2S0, toluene, Et3N, and THF were distilled 
from CaH2. Acetone was purified by treatment with CaSO, and 
fractional distillation. 3-Methylbut-1-yn-3-01, chlorosulfonyl 
isocyanate, BF3.0Etz, NaI, and trifluoroacetic anhydride were 
purchased from Aldrich Chemical Co. and used without further 
purification. p-Chlorobenzenesulfenyl chloride was prepared by 
the published pr~cedure '~  and stored at  -20 "C. ICH2CHz0Si- 
t-BuMez was prepared according to the method of N i c o l a o ~ . ~ ~  
( n - B ~ ) ~ s n H  was prepared from [(n-Bu),Sn],O according to the 
published procedurem and stored in a darkened descicator under 
argon at -20 "C. Flash chromatography was performed with silica 
gel 60 (230-440 mesh) purchased from Merck. 

I-[ (4-Chlorophenyl)sulfinyl]-3-methylbuta-l,2-diene (7). 
7 was prepared from 3-methylbut-1-yn-3-01 according to the 
method of Horner." Purification was accomplished by flash 
chromatography @io2, CHzC12) to obtain 7 in 75% yield as a white 
solid (mp 61-63 "C): IR (CHC1,) 2990, 2950, 2920, 1955, 1540, 
1470,1090,1075,1040,1010,840,495 cm-'; 'H NMR (CDCl,, 200 
MHz) b 1.75 (d, J = 3 Hz, 3 H), 1.79 (d, J = 3 Hz, 3 H), 5.80 (sep, 
J = 3 Hz, 1 H), 7.30, 7.40, 7.44, 7.54 (AB q, J = 9 Hz, 4 H). 

l-[(4-Chlorophenyl)thio]-3-methylbuta-1,2-diene (8). A 
solution of 7 (15.0 g, 66 mmol), triethylamine (41.7 mL, 300 mmol), 
anhydrous sodium iodide (25.4 g, 170 mmol), and 360 mL of dry 
acetone in a 1000-mL three-necked flask equipped with overhead 
stirrer was chilled to -55 "C. Trifluoroacetic anhydride (25.9 mL, 
183 mmol) was then added over the course of 4 min. The bath 
temperature was gradually allowed to rise to -30 "C over the cowse 
of 15 min, and then the cold reaction mixture was poured into 
a two-phase system consisting of 300 mL of hexane, 200 mL of 
5% NaZSO3, and 200 mL of 5% NaHCO,. The separatory funnel 
was shaken vigorously for 2 full min, the layers were separated, 
and the aqueous layer was extracted twice more with hexane. The 
combined hexane layers were washed with water (3X) and brine 
(1X) and dried over Na2SO4 The solution was concentrated and 
immediately purified by flash chromatography (SiOz, hexane) to 
yield 13.6 g (98%) pure 8: IR (film) 2980,2940, 2910, 2860, 1470, 
1450, 1380,1365, 1190, 1095, 1010,815 cm-'; 'H NMR (CDCl,, 
200 MHz) b 1.62 (d, J = 3 Hz, 6 H), 5.80 (sep, J = 3 Hz, 1 H), 
7.30 (br s, 4 H); 13C NMR (CDC13, 200 MHz) d 20.2,83.7, 101.0, 
128.8, 130.4, 132.1, 134.8, 203.2. 

1-[ (tert -Butyldimethylsilyl)oxy]-3-[ (4-chloropheny1)- 
thio]-5-methylhexa-3,4-diene (LO). n-Butyllithium (9.48 mL, 
2.5 M, 23.7 mmol) was added dropwise to a solution of 8 (5.00 
g, 23.7 mmol) in 100 mL dry THF while cooling t o  -78 "C. The 
reaction was stirred at this temperature for an additional 0.5 h 
and then l-[(tert-butyldimethylsilyl)oxy]-2-iodoethane (6.80 g, 
23.7 mmol) was added dropwise. The reaction was stirred at -78 
"C for 10 min and then at 0 "C for 30 min. The reaction mixture 

Conclusion 
Allenyl sulfides are useful substitutes for allenyl acetates 

in the production of a-alkylidene-/3-lactams via CSI ad- 
dition. In these materials, the thioaryl group performs 
several key functions. In the form of sulfenate, it is re- 
sponsible for formation of the allene itself. It activates the 
allene toward lithiation, thereby facilitating the prepara- 
tion of a more highly substituted compound. The CSI 
addition could not have proceeded under such mild con- 
ditions (-20 OC) and in such a regiospecific fashion without 
the activating and directing effects of sulfur. Finally, it  
proved to be readily removable in quantitative yield, thus 
providing access to the biologically important ring systems. 

Allenyl sulfoxides (from which the allenyl sulfides used 
in the present study were obtained) have found important 
uses in the synthesis of other natural products.27 They 
are easily prepared via 2,3-sigmatropic rearrangement 
(which occurs below room temperature and without cata- 
lyst) of the corresponding propargylic sulfenates. This 
reaction can be made to occur in good to excellent yield 
with a wide variety of substitution patterns1*r2* (unlike the 
preparation of allenyl acetates). Although the CSI addition 
only proceeds well with tetrasubstituted allenes, the allenyl 
sulfides can be easily lithiated and alkylated, potentially 

(26) Dalton, D. R.; Dutts, V. P.; Jones, D. C. J. Am. Chem. SOC. 1968, 
90, 5498. 

(27) For leading references, see: (a) Okamura, W. H.; Peter, R.; 
Reischl, W. J. Am. Chem. SOC. 1985,107,1034. (b) Okamura, W. H. Ace. 
Chem. Res. 1983, 16, 81. 

(28) Cutting, I.; Parsons, P.  J. Tetrahedron Lett. 1983, 24, 4463. 

____ 

(29) Nicolaou, K. C.; Papahatjis, D. P.; Claremon, D. A.; Magolda, R. 
L.; Dolle, R. E. J. Org. Chem. 1985, 50, 1440. (See ref 9 of this article.) 

(30) (a) Considine, W. J.; Ventura, J. J. Chem. Ind. (London) 1962, 
1683. (b) Kuivila, H. G. Synthesis 1970, 499. 
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was then poured into water and extracted with ether (3X), and 
the ether layers were washed with water (3X) and dried (Na2SO4). 
Concentration and purification by flash chromatography produced 
7.20 g (82%) of 10: IR (film) 2950,2920,2855,1470,1255,1100, 
835, 770 cm-'; 'H NMR (CDCl,, 200 MHz) 6 0.08 (9, 6 H), 0.92 
(s, 9 H), 1.68 (s, 6 H), 2.39 (t, J = 7 Hz, 2 H), 3.77 (t, J = 7 Hz, 
2 H), 7.23, 7.28,7.31, 7.36 (AB q, J = 9 Hz, 4 H); I3C NMR (CDCl,, 

132.5, 134.1, 202.4. Anal. Calcd for C,gH2gC10SSi: C, 61.83; H, 
7.94. Found: C, 61.83; H, 7.88. 

4-[2-( (tert-Butyldimethylsilyl)oxy)ethyl]-4-[ (4-chloro- 
phenyl)thio]-3-( l-methylethylidene)azetidin-2-one (1 1). 
Chlorosulfonyl isocyanate (1.69 mL, 19.4 mmol) was added 
dropwise to a precooled (-40 "C) solution of 10 (6.80 g, 18.4 mmol) 
in 25 mL of anhydrous ether. The reaction was stirred a t  this 
temperature for 10 min and then at -20 "C for an additional 10 
min. Then the reaction was transferred by cannula to a chilled 
(0 "C), rapidly stirred, two-phase system consisting of Na2S03 
(7.0 g, 55.5 mmol), K2HP04 (17.5 g, 100 mmol), 70 mL of HzO, 
and 70 mL of ether. This solution was stirred at 0 "C for 10 min 
and then at  23 "C for 2 h. The layers were then separated, the 
aqueous phase was reextracted, and the combined ether layers 
were washed with brine, dried (Na2S04), and concentrated in 
vacuo. Purification by flash chromatography (5% EtOAc in 
CH2C12, SiOJ yielded 5.01 g (66%) of 11: mp 54-55 "C; IR 
(CHCl,) 3420,3000,2960,2940,2860,1747,1472,1260,1095,838 
cm-'; 'H NMR (CDCI,, 200 MHz) 6 0.06 (s, 6 H), 0.89 (s, 9 H), 
1.85 (s, 6 H), 2.24-2.31 (m, 2 H), 3.72-3.87 (m, 2 H), 7.03 (br s, 
1 H), 7.21, 7.25, 7.31, 7.35 (AB q, J = 9 Hz); I3C NMR (CDCl,, 

135.6, 136.5, 137.5, 138.2, 163.2. 
6-[ (4-Chlorophenyl)thio]-2,2-dimethyl-7-( 1-methyl- 

ethylidene)-8-oxo-3-oxa-l-azabicyclo[ 4.2.0loctane (13). HF 
(48%, 0.43 mL) was added to a solution of 11 (4.30 g, 10.44 mmol) 
and 4 mL of H20 in 76 mL of CH3CN. The reaction was allowed 
to stir at  room temperature for 50 min, then poured into 5% 
NaHCO,, and extracted with CH2C12 (3X). The combined CHzCIP 
layers were dried (Na2S04) and concentrated in vacuo to yield 
2.53 g (81%) of a somewhat insoluble white solid (12) which was 
not further characterized. To a slurry of crude 12 (2.53 g, 8.50 
mmol) in 25 mL of dry CHzClz was added 2,2-dimethoxypropane 
(2.09 mL, 17.0 mmol) and BF3.0Et2 (0.11 mL, 0.89 mmol). The 
reaction was allowed to stir at room temperature for 45 min, then 
poured into 5% NaHC03, and extracted with ether (3X). The 
combined ether layers were washed with brine, dried (Na2S04), 
concentrated, and purified by flash chromatography (CH2C12/ 
SiOJ to yield 2.42 g pure 13 (69% overall from 11): mp 144-146 
"C; IR (CHCI,) 2980,2940,1735,1275,1060,1015,840,800 cm-'; 
'H NMR (CDCl,, 200 MHz) 6 1.61 (s, 6 H), 1.76 (s, 3 H), 1.77 (5, 

3 H), 1.79-2.40 (m, 2 H), 3.80-3.86 (m, 1 H), 4.10-4.16 (m, 1 H), 
7.25, 7.29, 7.34, 7.38 (AB q, J = 9 Hz, 4 H); I3C NMR (CDCl,, 
200 MHz) 19.8 20.1, 24.8, 27.1, 34.6, 57.3, 70.7, 85.6, 128.9, 129.1, 
135.5, 136.1, 138.1, 138.4. 195.1. Anal. Calcd for C17H20C1N02S: 
C, 60.43; H, 5.98; N, 4.15. Found: C, 60.58; H, 5.94; N, 4.13. 

2,2-Dimethyl-7-( 1-met hylet hylidene)-8-oxo-3-oxa-l-aza- 
bicyclo[4.2.0]octane (14). A solution of ( r~-Bu)~snH (2.52 mL, 
9.55 mmol) and azobisisobutyronitrile (0.16 g, 1.16 mmol) in 5 
mL of toluene was added to a heated (95 "C) solution of 13 (1.58 
g, 4.68 mmol) in 15 mL of toluene. The reaction mixture was kept 
between 95 and 100 "C for 40 min, then the solvent removed, and 
the crude product purified by flash chromatography (10% Et- 
OAc/CH2C12) to yield 0.91 g (100%) pure 14: mp 94-95 "C; IR 
(CHCl,) 2980,2940,2920,2870,1740,1440,1370,1330,1305,1255, 
1215, 1165, 1065 cm-'; 'H NMR (CDCl,, 200 MHz) 6 1.44 (s, 3 

200 MHz) 6 -5.3, 18.3, 20.4, 25.9, 37.5, 61.5,95.0, 99.1, 128.8, 131.9, 

200 MHz) 6 -5.53, 18.1, 19.4, 19.6, 25.8,39.7, 59.6, 72.5, 128.3, 128.6, 
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H), 1.73 (s, 3 H), 1.79 (s, 3 H), 1.80-1.99 (m, 2 H), 2.03 (s, 3 H), 
3.81 (d, J = 2 Hz, 1 H), 3.86 (t, J = 3 Hz, 1 H), 4.03 (d of d, J 
= 10 and 5 Hz, 1 H); I3C NMR (CDC13, 200 MHz) 6 19.5, 20.9, 
23.2, 26.5, 29.5, 50.8, 58.2, 83.5, 135.7, 137.0, 161.3. Anal. Calcd 
for CllH17N02: C, 67.65; H, 8.79; N, 7.17. Found: C, 67.30; H, 
8.75; N, 7.04. 

7-Bromo-2,2-dimethyl-7-( l-hydroxy-l-methylethyl)-8- 
oxo-3-oxa-l-azabicyclo[4.2.0]octane ( 17). N-Bromosuccinimide 
(0.411 g, 2.31 mmol) was added to a solution of 14 (0.300 g, 1.54 
mmol) and HzO (0.11 mL, 6.11 mmol) in 5.0 mL of Me2S0. The 
solution was allowed to stir at room temperature for 30 min and 
then poured into a two-phase system of water-ether. The aqueous 
phase was extracted (3X) with ether, and the combined ether 
layers were washed with water (2X) and brine (lx), dried (NazS04) 
and concentrated. Purification by flash chromatography (20% 
EtOAc in CH2Cl2, SOz) yielded 0.27 g (60%) of bromohydrin 17, 
mp 108-110 OC. The bromohydrin appears to be predov iinantly 
a single diasteriomer by NMR, but no attempt was made to further 
purify it or identify its stereochemistry: IR (CHCI,) 3580, 2980, 
2930,2870,1750,1570,1055 cm-'; 'H NMR (CDCl,), 200 MHz) 

(m, 2 H), 2.19 (s, 1 H), 3.86-3.94 (m, 3 H); I3C NMR (CDCI,, 200 
MHz) 6 22.5, 26.0, 26.3, 29.2, 51.6, 58.7,62.4, 72.7,78.8,84.0,160.7. 
Anal. Calcd for C11Hl,BrN03 C, 45.22; H, 6.21; N, 4.79. Found: 
C, 45.24; H, 6.24; N, 4.76. 

Reduction of Bromohydrin 17. A solution of tributyltin 
hydride (0.29 mL, 1.10 mmol) and azobisisobutyronitrile (16 mg, 
0.12 mmol) in 2 mL of toluene was added to a hot (95 "C) solution 
of bromohydrin 17 (0.160 g, 0.548 mmol) in 4 mL of toluene. The 
reaction was allowed to stir at this temperature for 40 min, then 
the solvent removed, and the product purified by flash chroma- 
tography (60% EtOAC/CH2C12). Small amounts of organotin 
impurities which still remained were removed by washing with 
pentane and, if necessary, a second column. This procedure 
produced 15 (63%), mp 125-126 "C, and 18 (27%), mp 103-104 
OC, as white crystalline solids. Compound 15: IR (CHCl,) 3580, 
2980, 2930, 2860, 1730, 1370, 1215, 1180, 805 cm-'; 'H NMR 
(CDC13, 200 MHz) 6 1.29 (s, 3 H), 1.41 (s, 3 H), 1.49 (s, 3 H), 1.69 
(d of d oft ,  J = 13, 5, 2 Hz, 1 H), 1.78 (s, 3 H), 1.96 (s, 1 H), 2.76 

(m, 3 H); I3C NMR (CDCI,, 200 MHz) 6 22.4, 26.3, 26.8 27.9, 30.7, 
48.4, 59.1, 62.8, 70.2, 83.2, 164.9. Anal. Calcd for CllHI9NO3: C, 
61.93; H, 9.00; N, 6.57. Found: C, 61.17; H, 8.68; N, 6.43. 
Compound 18: IR (CHC13) 3580, 2950, 2860, 1730, 1365, 1350, 
1250, 1050 cm-'; 'H NMR (CDCl,, 200 MHz) 6 1.29 (s, 3 H), 1.38 
(s, 3 H), 1.43 (s, 3 H), 1.76 (s, 3 H), 1.8-2.0 (m, 2 H), 2.10 (s, 1 
H), 2.86 (d, J = 2 Hz, 1 H), 3.5-3.6 (m, 1 H), 3.8-3.9 (m, 2 H); 
I3C NMR 6 22.6, 26.6, 26.7, 27.4, 28.0, 46.4, 58.9, 69.0, 69.2, 83.4. 
Anal. Calcd for CllH1gN03: C, 61.93; H, 9.00; N, 6.57. Found: 
C,  61.25; H, 8.80; N, 6.37. 
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