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Abstract: The compatibility of olefinic and acetylenic nucleophiles with an electrochemically based 
annulation procedure for fusing six- and seven-membered rings onto amines has been examined. Roth 
monosubstituted olefins and acetylenes were found to be good rmcleophiles for armulating seven- 
membered rings onto amines. Disubstituted olefins and acetylenes appear .to be good nucleophiles for 
completing the ammlation of six-membered rings onto amines. In addition, the compatibility of several 
proline derivatives with the annulation procedure was examined. 

In 1986,’ Marshall and Font reported a series of rigid thyrotropin releasing hormone (TRH) 

analogs (I - III) that were designed to function as chemical probes for the active analog approach to 

computer-assisted drug design.’ 

J n=l.2 

Both isomers at Ii. 
are desired. 

I!. III - 

Molecular modeling using the Sybyl program3 predicted that these analogs would occupy the same 

conformational space as the receptor-bound conformation of TRH. It was reasoned that if the active 

analog approach is valid, synthesis and testing of the designed analogs should lead to at least one very 

active analog. Unfortunately, analogs I - III could not be synthesized for testing. 

We became interested in this project when we realized that the electrochemical oxidation of 

amides4 might provide an ideal tool for constructing the 1-aza-2-oxobicyclo[5.3.0]decane ring system 

used to add rigidity to the left-hand side of the rigid TRH analogs. This realization was predicated on 

the ability of anodic amide oxidations to provide a general means for annulating lactam rings onto 

amines and amino acid derivatives (Scheme l)? An annulation procedure of this type would appear 
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useful for the synthesis of rigid peptide analogs because it would allow for the use of amino acid 

derived starting materials. This would greatly simplify the synthesis because all of the key chiral 

centers in the analogs would be intact in the initial substrates. 

Scheme 1: General Ammlation Procedure for Amines 

Nu=nucleophile 

Unfortunately, relatively few nucleophiles were known to be compatible with the conditions 

needed for the electrochemical oxidation step. These nucleophiles were limited to an alcohol,& an 

acid,” a malonate,& a ketone,5 a monosubstituted olefin,@ and several phenyl rings? Monosubstituted 

olefins, which would be ideal for the synthesis of the rigid peptide analogs, had not been used in an 

annulation procedure for making bicyclic lactam ring systems. 

With these things in mind, we turned our attention toward determining the scope of the 

nucleophiles that would be compatible with the proposed annulation procedure. Initially, this work 

focused on the use of monosubstituted olefins as potential nucleophiles for the formation of six- and 

seven-membered ring lactams. 

As indicated in Table 1, monosubstituted olefins proved to be very useful for constructing 

seven-membered ring lactams. For example, the constant current electrolysis of la at a carbon anode 

using a 1M tetraethylammonium tosylate in 10% methanol/ acetonitrile electrolyte solution led to the 

formation of an 82% isolated yield of the methoxylated amide. As in earlier cases,sbc*7 the use of 

acetonitrile as a cosolvent was essential for obtaining good current efficiencies (2-4 F). The reactions 

could be done using either a carbon or a platinum auxiliary electrode. The methoxylated amide 2a was 

cyclized using titanium tetrachloride in methylene chloride (33h, rt, 80% yield) in order to form the 

bicyclic lactam 3a and complete the annulation procedure. A mixture of diastereomers was obtained. 

The anodic oxidation reaction proved to be more problematic when Gprolinol was used as the initial 

amine (Entry 2). In this case, oxidation afforded a 49% yield of the expected methoxylated product 

along with a 16% combined yield of two additional methoxylated products. The additional products 

were derived from the loss of the -CH,OH substituent on the pyrrolidine ring. Presumably these 

products formed by the loss of a proton, formaldehyde, and a second electron from the initially formed 

amide radical cation and then trapping of the subsequent unsubstituted N-acyliminium ion. As in case 

1, cyclization of the desired methoxylated amide, Zb, using titanium tetrachloride led to successful 

completion of the annulation procedure. Again, a mixture of diastereomers was obtained. It is 

important to note that the formation of a mixture of diastereomeric products is not a concern because 

the chloride is destined to be removed in the synthesis of the rigid peptide analogs, and because both 
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Table 1: Amudations Using Monosubstituted Olefms 

Entry Compound R n Cond. Yield 2 Yield 3 
(Rec. 1) 

1. la. -H 2 A 82% 80%’ 

2. lb. -CH,OH 2 A 49%b 68%” 

3. lc. -CHH,OPivaloyl 2 A 8%(82%) N.A.’ 

4. 1C. -CHH,OPivalOyl 2 B 40% 90% 

5. Id. -CH,OCH, 2 A 55%(42%) 77% 

6. le. -CO,Me 2 A 18%(78%) N.A. 

7. le. -CO,Me 2 B 68%(7%) 89%= 

8. If. -H 1 A 73%(22%) 31%d 

9. Ig. -CHzOPivaloyl 1 A __e N.A. 

10. lh. -CO,Me 1 A 6%(76%) N.A. 

11. lh. -CO,Me 1 B __f N.A. 
Conhorn: A: Constant current, carbon rod anode, carbon or Pt cathode, and a 1M Et,l?OTs m 10% 
MeOH/ CHsCN electrolyte solution (see experimental section for details). B: Identical-with A except 
for the use of Bu.,NBF, as electrolyte. CL The product contained about 510% of the unsaturated 
cyclixed product. b. A small amount (10%) of 2a was obtained along with 6% of dimethoxylated la. c. 
N.A. stands for not attempted. d In addition approximately 10% of the uncyclixed N-u-hydroxylalkyl 
amide was obtained. e. This reaction was typified by a poor mass balance and recovery of a 41% yield 
of starting material where the double bond had migrated. f: This reaction led to a complex mixture of 
products, as well as double bond migration. 

bridgehead isomers of the rigid TRH analogs are required for biological testing. In an effort to 

circumvent the problems associated with the oxidation of amide lb, the alcohol was protected as an 

ester and the oxidation of amide lc examined. The initial conditions using tetraethylammonium 

tosylate as the electrolyte were not successful. In this instance, anodic oxidation led to the formation of 

only an 8% yield of the desired methoxylated product even after 2.5F of charge had been passed. An 

82% yield of recovered starting material was obtained. When more charge was passed (16.7 F), 

evidence for loss of the pivaloyl protecting group was obtained. The current efficiency of the reaction 

could be increased by a change in electrolyte; however, these conditions led to a lower overall mass 

balance. To this end, constant current electrolysis of lc using tetrabutylammonium tetrafluoroborate as 

the electrolyte led to the formation of the desired methoxylated product in a 40% yield after 3F of 

charge had been passed. Treatment of the methoxylated amide, 2c, with titanium tetrachloride led to a 
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90% yield of a diastereomeric mixture of bicyclic amide products, 3c. A methyl ether protecting group 

proved to be more useful. In this case (Entry 5) anodic oxidation led to the formation of the 

methoxylated amide in a 55% isolated yield along with a 42% yield of recovered starting material after 

2.5 F. The methoxylated amide, 2d, was then cyclized using titanium tetrachloride to form bicyclic 

amide 3d in a 77% yield. The anodic oxidation of amide le, derived from proline methyl ester, also 

showed a dependence on the nature of the electrolyte. Oxidation using tetraethylammonium tosylate as 

the electrolyte led to the formation of a 18% yield of methoxylated product along with 78% of the 

recovered starting material. The oxidation of le using tetrabutylammonium tetrafluoroborate led to the 

formation of a 68% yield of the desired methoxylated amide 2e. A 7% yield of recovered starting 

material was obtained. Treatment of the methoxylated amide 2e with titanium tetrachloride led to the 

formation of bicyclic amide 3e in an 89% yield. As in the earlier cyclizations, a mixture of 

diastereomers was obtained. 

Unfortunately, monosubstituted olefins were not useful for the construction of six-membered 

ring lactams. In the parent case (Entry S), the anodic oxidation proceeded smoothly to afford a 73% 

yield of methoxylated product, but the cyclization reaction led to the formation of only a 31% yield of 

the desired bicyclic amide. After 48 hours at room temperature, the cychzation reaction still afforded 

material that had not cyclized. Furthermore, the addition of substituents to the amide was deleterious 

to the oxidation reaction. A satisfactory yield of methoxylated amide could not be obtained for any of 

the cases attempted. When the oxidation did proceed, the reactions were plagued by migration of the 

double bond into conjugation with the amide. 

Since the use of a monosubstituted olefin was not compatible with an annulation procedure for 

constructing six-membered ring lactams, we turned our attention toward examining the utility of di- 

and trisubstituted olefins with the annulation procedure. We hoped that this would allow for the use of 

olefinic nucleophiles that did not offer the possibility of olefin migration. In order to explore this 

question, amides 4a and 4b were synthesized and then oxidized (Scheme 2). 

Scheme 2: Armulations Using Di- and Trisubstituted Olefins 

+g ,“lzic ‘qR TiCll +Cl 

4a. R=H 5a. 62% 6a. 50% 

4b. R=CH3 5b. -- 6b. N.A. 

The constant current electrolysis of 4a using a carbon anode and cathode and a lM tetraethyl- 

ammonium tosylate in 10% methanol/ acetonitrile electrolyte solution led to the formation of a 62% 

isolated yield of the methoxylated amide 5a. The cyclization reaction using titanium tetrachloride led 

to the formation of a complex mixture of products out of which was isolated a 50% yield of the six- 
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membered ring lactam 6a. In addition, a 7% yield of material was obtained that has tentatively been 

assigned as the seven-membered ring lactam. As in the earlier cases, a mixture of diastereomeric 

products was obtained. The anodic oxidation of amide 4b turned out to be less successful. In this 

example, the trisubstituted olefm interfered with the anodic oxidation of the amide. Under no 

circumstances could a clean methoxylated product be isolated. Clearly, the line that defines when an 

olefin becomes too electron rich to be compatible with the anodic amide oxidation reaction lies 

between the di- and trisubstituted olefins. 

Although the armulation procedure utilizing a disubsitituted olefin as the nucleophile did lead 

to the formation of the desired six-membered ring lactam, the reaction was disconcerting for a couple 

of reasons. First, the yield of the titanium tetrachloride cyclization was rather low, and second, the 

annulation procedure afforded a product that contained an undesired 1-chloroethyl substituent. A 

multistep procedure, that might be difficult in the context of a complex rigid peptide analog, would be 

needed to remove these extra carbons. Recently, Speckamp and coworkers have reported that 

acetylenes can function as effective nucleophiles for accomplishing the intramolecular trapping of N- 

acyliminium ions.s The reactions were shown to be capable of leading to both six- and seven- 

membered ring formation depending on the nature of the acetylene. In an effort to see if acetylenic 

nucleophiles would be compatible with the current ammlation procedure, amides 7a and 7b were 

Scheme 3: Armulations Using Acetylenes 

(-jj z M$$ = a,+ JJCl 

7a. R=H 8a. 73% (23% SAL) Qa. 70% 1Oa. -- 

7b. R=CHs 8b. 70% (19% S.M.) Qb. -- lob. 82% 

synthesized. Constant current electolysis of 7a in a divided cell using a carbon anode and a lM 

tetraethylammonium tosylate in 10% methanol/ acetonitrile electrolyte solution led to the formation of 

a 73% isolated yield of the methoxylated amide 8a. The use of a divided cell was required in order to 

protect the acetylene from reduction. Cyclization of the methoxylated amide with titanium 

tetrachloride in methylene chloride led to the formation of the unsaturated seven-membered ring 

lactam 9a in a 70% isolated yield. Formation of the seven-membered ring in this case was consistent 

with the observations reported by Speckamp.’ In a similar fashion, constant current electrolysis of 7h 

led to the formation of methoxylated amide 8b in a 70% isolated yield along with 19% of the 

recovered starting material. Titanium tetrachloride cyclization Of methoxylated amide 8b led to the 

formation of the six-membered ring lactam in an 82% isolated yield. Formation of the six-membered 

ring in this case was again consistent with the observations reported by Speckamp.’ This cyclization 
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NaCl) 3077,2927,2952,2898,2827, 1666, 1425, 1360, 1290, 1196, 1121, 1086, 986,911 cm-‘; GCMS (30 
eV) m/e (rel. intensity) 227 (M+, 0.6), 196 (M-GCHs, 2), 195 (M-HO@, 6), 183 (4), 182 (34), 150 
(5), 114 (15), 101 (6), 100 (lOO), 68 (54); HRMS (EI) m/e: Calcd. for C,&,NO, 227.1521; Found, 
227.1519. 
Methyl N-o-methoxy-N_(s-pentenoyl)proline (2e): The data are reported for the mixture of 
diastereomers and amide rotomers (4 compounds). TLC R, = 0.40 using ether; ‘H NMR (300 MHz, 
CDCl,) 6 5.95-5.78 (m, lH), 5.68 (d, 0.25H, J = 4.7 Hz), 5.16-5.10 (m, 2H), 5.05-5.00 (dd, 0.5H, J = 
1.8, 9.9 Hz), 4.99-4.98 (dd, OZH, J = 1.5, 8.7 Hz), 4.57 (d, 0.5H, J = 9.3 Hz), 4.43 (t, 0.5 H, J = 8.5 
Hz), 3.79, 3.76 (two s, 0.4H) 3.75, 3.71 (two s, 2.6H), 3.42, 3.41 (two s, 0.4I-Q 3.39, 3.31 (two s, 2.6H), 
2.66-1.66 (m, 8H); 13C NMR (75 MHz, CDCI,) 6 173.4, 173.2, 172.9, 172.8, 138.0, 137.8, 115.7, 115.5, 
89.6, 89.2, 88.8, 87.7, 59.6, 59.2, 59.1, 59.0, 54.4, 54.3, 52.8, 52.4, 33.3, 33.2, 31.5, 29.6, 29.4, 29.2, 29.0, 
28.9, 28.7, 28.6, 26.4, 26.1; IR (neat, NaCl) 3077, 2982, 2952, 2829, 1750, 1665, 1415, 1369, 1198, 1179, 
1087, 1069, 1003, 913 cm-‘; GCMS (70 eV) m/e (rel. intensity) 241 (M+, O.Ol), 226 (M-CH, 0.4), 211 
(M-CH,O, 0.5), 182 (14), 128 (22), 100 (lOO), 68 (31); HRMS (El) m/e: Calcd. for Ci,H,$rlO,, 
241.1314; Found, 241.1315. 
N-a-Methoxy-ZV-(3-butenoyl)pyrrolidine (21): The data are reported for the mixture of amide rotomers. 
TIC &= 0.44 using ethyl acetate; ‘H NMR (300 MHz, CDCl,) 6 6.08-5.93 (m, lH), 5.45 (d, 0.5 II, J - 
4.9 Hz), 5.21-5.11 (m, 2H), 5.02 (d, 0.5 H, J = 4.1 Hz), 3.67-3.57 (m, lH), 3.45-3.33 (m, lH), 3.39, 3.1 
(two s, 3H), 3.17 (dd, 2H, J = 6.7, 1.5 Hz), 2.22-1.62 (m, 4H); 13C NMR (75 MHz, CDC13) 6 171.8, 
171.5, 132.3, 131.7, 118.4, 118.1, 89.1, 87.5, 56.8, 54.1, 46.3, 45.9, 40.1, 39.5, 31.6, 31.1, 23.1, 21.1; IR 
(neat, NaCl) 3079,2980, 2941,2889,2&?S, 1660, 1411, 1365, 1270, 1177, 1084,994,918 cm-‘; GCMS 
(70 eV) m/e (rel. intensity) 154 (MCI-I,, 2), 139 (M-CH,O, 22), 138 (ll), 137 (19), 128 (30), 85 (46), 
70 (67), 69 (98), 68 (100); HRMS (EI) m/e: Cakd. for C&,N02, 169.1103; Found, 169.1115. 
N-a-Methoq-N-(4-hexenoyI)pyrrolidine @a): The data is reported for the mixture of amide rotomers. 
TIC R, = 0.52 using 50% dichloromethane/ ether; ‘H NMR (300 MHz, CDCl,) 6 5.52 (d, 0.5H, J = 
4.8 Hz), 4.99 (d, 0.5 H, J = 4.4 Hz), 3.69-3.53 (m, lH), 3.43-3.30 (m, lH), 3.39, 3.30 (two s, 3H), 2.51- 
2.30 (m, 4H), 2.20-1.68 (m, 4H), 1.65 (d, 3H, J = 6.6 Hz); 13C NMR (75 MHz, CDCl,) 6 173.2, 172.9, 
130.3, 125.9, 125.8, 88.8, 87.0, 56.4, 53.9, 45.9, 45.3, 34.5, 33.9, 31.2, 30.8, 27.9, 27.3, 22.9, 22.7, 20.8, 
17.6; IR (neat, NaCl) 3000,2937,2887,2861, 1652, 1419, 1073, 1069 cm-‘; GCMS (70 eV) m/e (rel. 
intensity) 197 (M+, 0.6), 182 (M-CH, 2), 165 (M-CH,OH, 4), 86 (15), 70 (lOO), 69 (37), 55 (26); 
HRMS (EI) m/e: Calcd. for C,,H,$JO, 197.1415; Found, 197.1395. 
General Procedure for the Anodic Oxidation of Amides in the Presence of Acetylenes: N-a-Methoxy-N- 
(4-hexynoyl)pyrrolidine (8b): A 1 M solution of tetraethylammonium tosylate in 10% methanol/ 
acetonitrile was prepared and degassed (nitrogen was bubbled through the solution for 5 min). A 
portion of the solution (7.5 mL) was transferred by syringe to the cathodic chamber of a standard H- 
cell. To the anodic chamber were added 0.345 g (2.1 mmol) of N-4-hexynoylpyrrolidine, 2.89 g (20.9 
mmol) of anhydrous potassium carbonate as an acid scavanger, and 7.5 mL of the electrolyte solution. 
The anodic and cathodic chambers were equipped with a carbon rod electrode. The reaction was 
electrolyzed at a constant current of 28 mA and monitored by TIC. After 4 F of charge had been 
passed, the reaction was filtered, concentrated in vacua, and then immediately chromatographed 
through silica gel using 30% ether/ dichloromethane as eluant. The reaction led to the formation of 
0.287 g (70%) of the methoxylated product along with 66.6 mg (19%) of the recovered starting 
material. The spectral data is reported for the mixture of amide rotomers. TIC R, = 0.42 using 30% 
ether/ dichloromethane; ‘H NMR (300 MHz, CDCl,) 6 5.45 (d, 0.5 H, J = 4.8 Hz), 5.04 (d, 0.5 H, J 
= 4.3 Hz), 3.67-3.55 (m, lH), 3.44-3.34 (m, lH), 3.38, 3.32 (two s, 3H), 2.64-2.48 (m, 4H), 2.20-1.80 (m, 
4H), 1.77 (t, 3H, J = 2.3 Hz); 13C NMR (75 MHz, CDCl,) 6 172.0, 171.7, 88.6, 87.0, 78.1, 77.9, 75.8, 
75.7, 56.3, 53.9, 45.9, 45.3, 39.9, 33.4, 31.2, 30.7, 22.6, 20.7, 14.3, 13.9, 3.2; IR (neat, NaCl) 2922, 2888, 
2830, 1651, 1419, 1339, 1246, 1178, 1082 cm-‘; GCMS (70 eV) m/e (rel. intensity) 180 (M-CH, 20), 
164 (m-OCH,, ll), 100 (7), 95 (7), 85 (12), 70 (lOO), 53 (22); HRMS (EI) m/e: C&d. for C,,H,,NO,, 
195.1259; Found, 195.1253. 
N-a-Methoxy-N-(4pentynoyl)pyrrolidine @a): The data are reported for the mixture of amide 
rotomers. TIC R, = 0.45 using 40% ether/ dichloromethane; ‘H NMR (300 MHz, CDCl,) 6 5.45 (d, 
0.5 H, J = 4.9 Hz), 5.02 (d, 0.5 H, J = 4.1 Hz), 3.69-3.55 (m, lH), 3.43-3.34 (m, lH), 3.39, 3.32 (two s, 
3H), 2.71-2.52 (m, 4H), 2.15 (m, lH), 2.03-1.78 (m, 4H); 13C NMR (75 MHz, CDCl,) 6 171.5, 171.2, 
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88.7, 87.1, 83.6, 83.4, 68.5, 56.4, 53.9, 46.9, 45.4, 33.5, 32.8, 31.2, 30.6, 22.6, 20.7, 13.9, 13.6; IR (neat, 
NaCl) 3293,2931,2883,2840,2116, 1653, 1420, 1177, 1082 cm-‘; GCMS (70 eV) m/e (rel. intensity) 
181 (M+, 0.4), 166 (M-CH,, 20), 150 (M-WI-& 38), 86 (27), 85 (22), 84 (U), 81 (21), 71 (45). 70 
(loo), 53 (89); HRMS (EI) m/e: CaIcd. for C,$I,NO, 181.1103; Found 181.1099. 
Genera1 Procedure for the TiCl,-Catalyzed Cyclizations: l-Aza-S-chloro-2+xobieyclo[5.3.O]decane (3a): 
To an oven-dried 50 mL round-bottom flask was added 0.387 g (2.11 mmol) of the methoxylated 
amide along with 20 mL of dry dichloromethane. The reaction mixture was cooled to -78OC and then 
5.3 mL (5.3 mmol) of a 1M titanium tetrachloride in dichloromethane solution (Aldrich) was added.. 
The solution turned deep red (colors have ranged from bright yellow to black with no apparent effect 
on the yield of the reaction). The temperature was maintained at -78°C for 30 min and then the dry 
ice/ acetone bath removed. After 33 h the reaction was poured into a separatory funnel containing 
dichloromethane and a 30% (w/w) aqueous sodium potassium tartrate solution. The aqueous layer was 
extracted twelve times with dichloromethane. The combined organic layers were dried over MgSO, 
and concentrated in VDCUO to obtain an ca 1:l mixture of diastereomers. The crude product was 
chromatographed through silica gel using 5% methanol/ ether as the eluant to afford 0.319 g (80%) of 
the cyclized products. A partial separation of diastereomers was obtained. In addition, the material 
contained about 5% of an unsaturated cyclixed material. ‘H NMR data suggested that isomer 1 had a 
trans relationship about the seven-membered ring between C, and the chloride (psuedoaxial 
orientation). Isomer two was assigned as having a cis relationship between Cs and the chloride 
(psuedoequatorial chloride). The spectral data for the partially separated mixture of diastereomers 
were as follows (NMR ratio of isomer 2/ isomer 1 = 77/23): TIC Rr = 0.38 using 5% methanol/ 
ether; ‘H NMR (300 MHz, CDCl,) 6 4.62 (p, OZH, J = 3.3 Hz), 4.28-4.20 (m, OZH), 4.02 (tt, 0.77H, 
J = 11.8, 4.1 Hz), 3.71 (m, 1.77H), 3.40 (m, lH), 3.05 (app. ddd, 0.23H, J ca 14.5, 11.9, 2.5 Hz), 2.62- 
2.05 (m, 5H), 1.95-1.68 (m, 4.77H); 13C NMR (75 MHz, CDCl,) 6 172.7, 111.8, 60.5, 60.0, 56.4, 52.0, 
47.1, 46.0, 43.2, 35.4, 34.8, 34.3, 33.7, 31.4, 23.5; IR (neat, NaCl) 2950, 2874, 1643, 1449, 1350, 1236, 
1192, 762 cm-‘; GCMS (PCI) m/e (rel. intensity) 190 (M+3,33), 188 (M+l, lOO), 187 (M+, 6), 152 
(M-Cl, 67), 151 (M-HCl, 1.5), 110 (9), 70 (18), 55 (10); HRMS (EI) m/e: Calcd. for C$I,,CINO, 
187.0764; Found, 187.0761. 
l-Aza-5-chloro-l0-hydroxymethyl-29xobicyclo[53.0]decane (3b): The data for the mixture of two main 
isomers are reported. The material contained about 5% of the unsaturated product. The NMR ratio of 
the isomers was ca 60/40. TIC R, = 0.25 using 5% methanol/ ether; ‘H NMR (300 MI&, CDCI,) 6 
4.95-4.70 (br hump, 0.6H), 4.64-4.60 (m, 0.6 H), 4.48-4.40 (m, 0.4H), 4.34-4.21 (m, lH), 4.05 (tt, 0.6H, J 
= 11.7, 4.2 Hz), 3.90-3.80 (m, 0.4H), 3.67-3.60 (m, 2H), 3.12 (ddd, 0.6H, J = 14.3, 12.1, 2.2 Hz), 2.62- 
1.60 (m, 9.4H); i3C NMR (75 MHz, CDCI,) 6 175.7, 174.4, 66.2, 65.9, 61.8, 61.7, 60.0, 59.1, 57.4, 53.2, 
45.6, 42.7, 35.2, 32.9, 32.2, 31.7, 31.4, 30.7, 26.4, 26.2; IR (neat, NaCl) 3300 br, 2950, 2881, 1620, 1452, 
1353, 1234, 1180, 1052, 914 cm-r; GCMS (PCI) m/e (rel. intensity) 220 (Mt3,33), 218 (Mt 1, lOO), 
182 (M-Cl, 41), 140 (11); HRMS (EI) m/e: CaIcd. for C,,H,,NO,Cl, 217.0869; Found, 217.0865. 
l-Aza-5-chloro-2-oxo-l0-pivaloyloxymethylbicyclo[5.3.0]decane (3~): The data for the mixture of 
diastereomers are reported. The material contained about 5% of the unsaturated product. TIC I+ = 
0.66 using 10% methanol/ ether; ‘H NMR (300 MHx, CDCl,) 6 4.63 (p, 0.5H, J = 3.4 Hz), 4.47-4.36 
(m, 1.5H), 4.15, 4.14, 4.13, 4.11 (four s, 1.5H), 4.10-3.99 (tt partially buried, 0.5I-I, J = 11.7, 4.2 Hz), 
3.82 (t, 0.5H, J = 9.6 Hz), 3.06 (ddd, 0.5H, J = 14.3, 11.9, 2.3 I-Ix), 2.60-1.60 (m, lOH), 1.23, 1.22, 1.21, 
1.20 (four s, 9H); 13C NMR (75 MHz, CDCI,) 6 178.9, 173.9, 172.8, 63.3, 60.7, 59.8, 57.1, 57.0, 56.9, 
52.6, 46.3, 43.3, 38.9, 35.6, 33.5, 32.4, 31.9, 31.4, 29.8, 27.3, 25.8, 25.6; IR (neat, NaCl) 2968, 2932, 2883, 
1726, 1638, 1447, 1365, 1284, 1162, 1033, 977 cm-‘; GCMS (70 eV) m/e (rel. intensity) 218 (2), 216 
(M-85), 201 (6), 199 (16), 189 (4), 188 (35), 187 (ll), 186 (lOO), 150 (22), 122 (14), 82 (29), 68 (26); 
HRMS (EI) m/e: Calcd. for C,H,ClNO,-C&,0, 216.0791; Found, 216.0792. 
l-Aza-5-chloro-l0-metho~ethyl-2-oxobi~clo[53.0]decane (3d): The data for the mixture of 
diastereomers are reported. The material contained about 10% of the unsaturated cyclized product. 
TIC R, = 0.60 using 10% methanol/ ether; ‘H NMR (300 MHz, CDCl,) 6 5.57 (m, 2H, vinyl protons 
for the minor cyclized impurity), 4.64-4.57 (111, 0.5H), 4.36-4.25 (m, lH), 4.224.38 (m, 0.5H), 3.98 (tt 
with a small tt underneath, 0.5H, J = 12.1, 4.2 Hz), 3.80 (t, 0.2H, J = 9.9 Hz), 3.60 (m, 03H), 3.55- 
3.41 (m, 2H), 3.36, 3.35, 3.33, 3.32 (four s, 3H), 3.12-3.00 (m, O.SH), 2.62-2.48 (m, 0.5H), 2.42-2.28 (m, 
2.5H), 2.20-2.05 (m, 2H), 2.00-1.76 (m, 4H); “C NMR (75 MHz, CDCl,) 6 174.4, 173.1, 130.0, 129.9, 
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128.9, 121.0, 73.2, 73.0, 72.3, 72.2, 72.0, 61.0, 60.5, 60.0, 59.2, 58.4, 58.3, 58.2, 58.0, 57.9, 57.7, 57.1, 57.0, 
56.2, 56.1, 52.8, 52.6, 46.3, 46.1, 43.3, 43.3, 37.0, 36.9, 35.8, 35.7, 34.8, 33.6, 33.0, 32.9, 32.6, 32.0, 31.9, 
31.8, 31.4, 31.2, 26.8, 26.6, 25.9, 25.7, 25.0; IR (neat, NaCl) 2967, 2952, 2891, 2828, 1658, 1642, 1441, 
1351, 1232, 1173, 1117, 1078, 1004, 974,856,755 cm-‘; GCMS for the olefinic compound (35 eV) m/e 
(rel intensity) 195 (M+, 3), 163 (8), 151 (lo), 150 (lOO), 122 (12), 80 (ll), 79 (33), 68 (32); GCMS for 
the chlorinated compound (35 eV) m/e (rel intensity) 233 (M+2, 0.3), 231 (M+, 0.9), 216 (M-15, l), 
199 (M-32, 6), 188 (33), 187 (ll), 186 (lOO), 150 (20), 122 (21), 82 (lo), 79 (ll), 68 (27); HRMS (EI) 
m/e: Calcd. for C,,H,,CINO,, 231.1026; Found, 231.1025. 
l-Aza-lO-carbomethoxy&chloro-2-oxobkyclo[5.3.0]decane (3e): The diastereomers were partially 
separated into two sets of two isomers by column chromatography. The spectral data for the first pair 
of isomers off the column were as follows: TIC R, = 0.58 using 10% methanol/ ether; ‘H NMR (300 
MHz, CDCl,) 6 4.68-4.66 (m, lH), 4.57 (dd, 0.5H, J = 8.4, 2.7 Hz), 4.36-4.27 (m, O.SH), 4.08 (tt, 0.5H, 
J = 11.7, 4.1 Hz), 3.99 (m, 0.5 H), 3.74, 3.72 (two s, 3H), 3.11-3.01 (m, 0.5H), 2.58-2.52 (m, lH), 2.42- 
1.85 (m, 7.5H), 1.84-1.69 (m, 1H; 13C NMR (75 MHz, CDCl,) 6 173.6, 173.0, 172.9, 60.6, 60.3, 60.0, 
59.8, 56.7, 52.8, 52.5, 45.9, 42.6, 35.1, 33.5, 32.7, 32.5, 30.9, 28.1, 27.5 cm-‘; IR (neat, NaCl) 3055, 2954, 
2929, 2885,2853, 1744, 1641, 1436, 1366, 1274, 1200, 1177, 1071, 1004, 964, 921, 850, 801, 736 cm-‘; 
GCMS (70eV) m/e (rel. intensity) 247 (Mt2, 1.6), 245 (M+, 4.6), 188 (33), 187 (ll), 186 (WI), 150 
(26), 122 (25), 80 (14), 79 (18), 69 (15), 68 (54), 67 (11); HRMS (EI) m/e: Calcd. for C,,H,,ssClN03, 
245.0819; Found, 245.0811. The spectral data for the second pair of isomers off the column were as 
follows: TLC R, = 0.47 using 10% methanol/ ether; ‘H NMR (300 MHz, CDCl,) 6 4.68-4.49 (rn, 
1.5H), 4.08-3.98 (tt, 0.5H, J = 11.8, 3.9 Hz), 3.85-3.77 (m, 0.5H), 3.76, 3.73 (two s, 3H), 3.15 (ddd, 
0.5H, J = 14.5, 12.1, 2.4 Hz), 2.62-1.63 (m, 10 H); 13C NMR (75 MHz, CDCl,) 6 174.1, 173.2, 173.0, 
172.6, 129.1, 120.5, 60.5, 60.3, 60.2, 59.9, 57.2, 52.6, 52.5, 45.2, 43.2, 35.1, 33.5 33.0, 32.1, 31.3, 31.2, 
28.0,27.6; IR (neat, NaCl) 2957, 2953, 1730, 1642, 1422, 1365, 1322, 1283, 1265, 1220, 1189, 1167, 
1119, 1069, 1023, 1007, 974 cm-‘; GCMS (70 eV) m/e (rel. intensity) 247 (Mt 2, 1.3), 245 (M+, 3.9), 
189 (4), 188 (33), 187 (ll), 186 (loo), 150 (23), 128 (1 l), 122 (23), 80 (12), 79 (16), 69 (14), 68 (52); 
HRMS (EI) m/e: Calcd. for C,,H,,ClN03, 245.0819; Found, 245.0815. 
l-Aza-4-chloro-2-oxobicyclo[4.3.0]nonane (30: The reaction led to the formation of two isomers. The 
spectral data for isomer one were as follows: TLC R, = 0.39 using 10% methanol/ ether; ‘H NMR 
(300 MHz, CDCl,) 6 4.21-4.10 (m, lH), 3.65-3.55 (m, lH), 3.44 (m, 2H), 3.03 (dd, lH, J = 17.6, 6.2 
Hz), 2.63-2.54 (m, 2H), 2.15 (p, lH, J = 5.8 Hz), 2.06-1.97 (m, lH), 1.90-1.64 (m, 3H); “C NMR (75 
MHz, CDCl,) 168.0, 57.0, 51.4, 44.4, 41.7, 39.5, 32.7, 21.9; IR (neat, NaCl) 2946, 2873, 1634, 1464, 
1412, 1333 cm*‘; GCMS (70 eV) m/e (rel. intensity) 175 (Mt2), 16), 173 (M+, SO), 138 (M-Cl, 76), 
110 (8) 82 (23), 70 (100); HRMS (EI) m/e: Calcd. for CsHl,CINO, 173.0607; Found, 173.0635. The 
spectral data for isomer two were as follows: TLC R, = 0.33 using 10% methanol/ ether; ‘H NMR 
(300 MHz, CDCl,) 6 4.65-4.60 (m, lH), 3.98-3.88 (m, lH), 3.69-3.47 (m, 2H), 2.81 (m, 2H), 2.43-2.37 
(m, lH), 2.17 (p, lH, J = 5.8 Hz), 2.07-1.97 (m, lH), 1.91-1.43 (m, 3H); 13C NMR (75 MHz, CDCl,) 6 
165.7, 53.9, 53.5, 44.7, 40.2, 36.2, 32.6, 21.8; IR (neat, NaCl) 2965, 2913, 2872, 1628, 1464, 1404, 1338, 
951 cm-‘; GCMS (70 eV) m/e (rel. intensity) 173 (M+, 4), 138 (M-Cl, 13), 137 (13), 82 (16) 70 (loo), 
53 (7); HRMS (EI) m/e: Calcd. for CsH,,CINO, 173.0607; Found, 173.0630. 
l-Aza-4-(l-chloroethyl)-2-oxobicyclo[4.3.0]nonane (6a): Two isomers were isolated and separated by 
column chromatography. The spectral data for the major data (36% Yield) were as follows: TLC R, = 
0.33 using 10% methanol/ ether; ‘H NMR (300 MHz, CDCI,) 6 4.19 (app. p, lH, J = 6.3 HZ), 3.71 
(m, lH), 3.64-3.42 (m, 2H), 2.55 (dt, lH, J, = 17.2 Hz, J, = 6.71 Hz), 2.38-2.21 (m, 2H), 2.04-1.74 (m, 
6H), 1.59 (t, 3H, J = 6.6 Hz); “C NMR (75 MHz, CDCl,) 6 169.9, 59.8, 56.7, 43.9, 40.8, 30.3, 27.5, 
24.2, 22.4, 21.6; IR (neat, NaCl) 2957, 2921, 2881, 1619, 1460, 1416, 1382, 1326, 1243 cm-‘; GCMS (70 
eV) m/e (rel. intensity) 166 (M-Cl, 2), 150 (87) 122 (52), 108 (37), 94 (67), 80 (44), 70 (lOO), 53 (47); 
HRMS (EI) m/e: Calcd. for C,&,,NOCl, 201.0920; Found, 201.0926. The spectral data for the minor 
isomer (14% yield) were as follows: TLC R, = 0.50 using 10% methanol/ ether; ‘H NMR (300 MHz, 
CDCl,) 6 4.03 (dq, lH, Jd = 8.9 Hz, J, = 6.7 Hz), 3.81-3.70 (m, 2H), 3.38-3.30 (m, lH), 2.37 (m, 3H), 
2.10-1.90 (m, 2H), 1.88-1.68 (III, 4H), 1.59 (d, 3H, J = 6.6 Hz); 13C NMR (75 MHz, CDCl,) 6 169.2, 
60.6, 57.4, 43.9, 43.3, 30.5, 27.8, 23.3, 22.3, 21.6; IR (neat, NaCl) 2957, 2928, 2888, 1623, 1458, 1420, 
1378, 1325, 1237 cm-‘; GCMS (70 eV) m/e (rel. intensity) 203 (Mt2,4), 201 (M+, 12), 166 (M-Cl, 27), 
138 (8), 110 (30), 83 (17), 70( 100); HRMS (EI) m/e: Calcd. for C,,,H,,NGCl, 201.0920; Found, 
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201.0926. 
l-Aza-5-chloro-2oxo-5-bieyelo[53.0]deeene (9a): TLC R, = 0.32 using 5% methanol/ ether; ‘H NMR 
(300 MHz, CDCIa) 6 5.81 (m, lH), 4.52 (m, lH), 3.69-3.61 (m, lH), 3.52-3.44 (m, lH), 2.97-2.46 (m, 
4H), 2.35-2.28 (IQ H-I), 1.93-1.72 (113, 3H); “C NMR (75 MI-Ix, CDCl,) 6 171.8, 135.6, 128.0, 54.5, 46.7, 
34.6, 33.6, 32.2, 22.9; IR (neat, NaCl) 2974, 2939, 2877, 1645, 1455, 1343, 1305, 1226, 1160, 1015, 915, 
766 cm-‘; GCMS (70 eV) m/e (rel. intensity 150 (M-Cl, lOO), 122 (38), 108 (9), 94 (13), 80 (16), 53 
(17); HRMS (EI) m/e: Calcd. for C&N $ CI, 185.0607; Found, 185.0608. 
l-Axa-5-(l-chIoroethylidene)-Z-oxobicyclo[4.3.0]nonane (lob): The data is reported for the mixture of 
products. TLC R, = 0.32 using 5% methanol/ ether; ‘H NMR (300 MI-Ix, CDC13) 6 4.19 (dd, lH, J = 
11.3, 5.2 Hz), 3.79 (dt, lH, J, = 12.1 Hx, Jt = 8.7 I-Ix), 3.38-3.30 (m, lH), 3.16-3.05 (m, lH), 2.56-2.46 
(m, 2H), 2.29-2.12 (m, 2H), 2.19, 2.15 (two s, 3H), 2.04-1.82 (m, 3H); 13C NMR (75 MI-Ix, CDCl,) 6 
170.2, 130.1, 125.2, 59.1, 43.3, 32.0, 31.6, 25.0, 22.5, 21.5; IR (neat, NaCl) 2958, 2923, 1648, 1457, 1380, 
1261, 1189, 1080 cm-‘; GCMS (70 eV) m/e (rel. intensity) 201 (M+2, 0.3), 199 (M+, l), 164 (MCI, 
67), 143 (M-C&-&O, 30), 136 (35), 128 (32), 108 (100) 93 (U), 80 (19), 77 (20), 70 (37); HRMS (EI) 
m/e: CaIcd. for C&,NOCl, 199.0764; Found, 199.0760. 
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