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Abstract: Bicyclic molecules with the 1,7-d&a-6,6-dimethylbicyclo[2.2.l]heptaoe and 1,8-diaza-7,7-dimethyl- 
beyclo[3.2.l]octane (I-aza-7,7-dimethyltropane) skeleton are shown to be efticlently synthesized via cyclization 
reactions of e&cyclic N-acylhydrazonimn intern&&r By using a protected ~ketoester as the internal nucleophile, 
azacocane analogues are also accessible via this methodology. 

INTRODUCTION 

The synthesis of bicyclic hydrazines with a 1,7-diazabicyclo[2.2.l]heptane or a 1,8-diazabicyclo- 
[3.2.l]octane skeleton (e.g. 1 and 2, respectively) has received only scant attention in the literature. The 
structures with the heptane skeleton are particularly interesting compounds as both the N-chloro and N-methyl 
substituted molecules have been reported to exhibit high nitrogen inversion barriers for the bridge nitrogen 
atom.lm3 A noticeable feature of the second types of compounds is that they possess a 1-azatropane skeleton and 
therefore might display promising physiological activity. During the last century, tropane alkaloids have been 
prominent targets in organic synthesis, both for their biological properties and in order to elucidate their 
mechanism of actionP The most distinguished class of tropane alkaloids consists of cocaine and its isomers, of 
which various analogues have been prepanzd5 The synthesis of azaanalogues 3, however, has not been reported 
in the literature. 

A method for the preparation of some bridged bicyclic hydrazines 1 and 2 was developed by Oppolzer,e 
who obtained such compounds via intramolecular 1,3dipolar cycloaddition reactions. In addition to this 
method, intermolecular dipolar reactions have been studied to give a limited number of l-azatropanes.7~8 A 
serious set-back of these methods is the limited possibility to vary ring sizes and substitution patterns. Herein 
we wish to report a novel pathway for the preparation of such compounds, offering the possibility of 
synthesizing differently functionalixed bridged diazabicycl~s. 

A retrosynthetic outIine of the method, which extends our previous work on N-acylhydrazonium ionsp 
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is given in eq 1. The key intermediate is the endocyclic N-acylhydrazonium ion 5. which is converted via 
intramolecular attack of the internal nucleophile into the bicychc product 4. The precursor 6 of the N-acyl- 
hydrazonium intermediate 5 is readily obtained in a few steps starting from the cormsponding pyrazolidinone 7 
or 8. A large variety of z-nucleophiles can be used in this cyclization reaction to give the desired functionalized 
bicyclic products. The use of a (protected) p-ketoester as nucleophile in the cyclization reaction leads to 
precursors with a substituted tropanone skeleton. Regarding the ongoing search for new cocaine analogs, it is 
relevant to note that our method might provide a route to such compounds. 

Et0 0 
0 7R=H 

BR=Me 

RESULTS AND DISCUSSION 

Choice of the pyrazolidinone 
The use of unsubstituted 3-pyrazolidinone (7)‘O as starting ma&al will lead to unsubstituted bicyclic 

hydrazines 4 (R = H). ln order to study the sequence of reactions, l-benzyl-3-pyrazolidinone10c was chosen as 
a model system. Ethoxycarbonylation ( 1) IDA (1 equiv), -78 ‘C; 2) methyl cyanoformate (1.3 equiv)) gave the 
functionalized hydrazine 10, which had to be reduced to obtain the cyclization precursor 9 (eq 2). The reduction 
was performed under conditions that were also used for the corresponding pyrrolidinones.ll Treatment of 10 at 
-20 ‘C in ethanol with an excess of sodium borohydride (4 equiv) and a catalytic amount of sulfuric acid, 
however, led to ring opening of the pyrazolidinone and subsequent reduction of the inmrmediate aldehyde to the 
alcohol 11. Formation of this undesired product could not be prevented by performing the reaction at lower 
temperatures. Reduction did not take place at all in the absence of acid. 

9 10 (40%) 11 (80%) 

The undesired ring opening and overreduction are not expected to occur if the pyrazolidinone ring is 
substituted with a gem-dimethyl function (i.e. 8). The effect, that alkyl substitution favors the cyclic structure in 
cases of ring-chain tautomerism, is an example of the well-known ‘gem-dimethyl effect’12v13 and was observed 
earlier in similar pyrmlidinone systems. l4 Therefore, 5,5-dimethyl-3-pyrazolidinone (8) was chosen as starting 
material and could be efficiently obtained by condensation of hydrazine hydrate with ethyl 3,3dimethylacrylate 
in refluxing ethanol.15 Distillation of the crude residue gave the pure 3-pyrazolidinone 8 as a colorless oil (bp 
lOO- 105 ‘C, 0.1 mbar), which solidified upon standing. 

The series of reactions that lead to the desired cyclic molecules is exemplified in Scheme I. The alkylated 
product 12 is obtained upon SN2-alkylation of 8 with benzyl chloride ((1.2 equiv). lithium iodide (cat), 
potassium carbonate (1.5 equiv), 2-butanone, teflux). In this alkylation reaction, the different nature of the two 
nitrogen atoms was very important. ‘he Nl nitrogen is an amine type nitrogen atom, which is more prone to 
react with the halide than the less nucleophilic amide type N2 nitrogen. The alkoxycarbonylation at the N2 atom 
can in principle be achieved by using one of the five different methods A to E: A) deprotonation with a strong 
base (sodium hydride (1.05 equiv), rt) and alkylation with methyl chloroformate (1.2 equiv, 0 ‘C + rt) in W 
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B) the same procedure as A with ethyl chloroformate instead of methyl chlomformate; C!) ueatment with diethyl 
dicarbonate (2.0 equiv, rt) in the presence of triethylamine (1 equiv) and DMAP (1 equiv) in dichloromethane;16 
D) deprotonation with LDA (1.1 equiv, -78 ‘C), followed by methoxycarbonylation with methyl cyanoformate 
(2 equiv, -78 ‘C + rt) in THF;” E) deprotonation with sodium hydride (1.1 equiv, rt), then reaction with 
methyl cyanoformate (2 equiv, -78 ‘C + rt) in THF. The disadvantage of the first two alkoxycarbonylation 
methods is that a mixture of the N- and 0alkylated product (13 and 17, respectively) was obtained.17*l* l’he 
selectivity of this reaction could not be influenced by changing the temperature of the reaction. The formation of 
the 0-alkylated product was indicated by a strong absorbance in the IR spectrum at 1630 cm-l as a result of the 
presence of the C=N bond.17 

Scheme I 

2) 2 M H,SO,iElOH 

I 
12 (80%) 

method B (see text) 

0C02Et 

13 (81%) 

NH 

17 (39%) and 13 (59%) 16 (81%) 15 (6%) 

Reduction of the pyrazolidinone 13 under ‘standard conditions’” initially afforded the corresponding 
hydroxypyrazolidine, which was directly converted into the ethoxypyrazolidine 14 by stirring in acidic ethanol. 
This last step already indicates the intermediacy of the endocyclic N-acylhydrazonium ion. Cyclization to 15 
took place upon treatment with titanium tetrachloride. The free hydraziie 16 was obtained through hydrolysis of 
the carbamate function with potassium hydroxide in refluxing methanol.19 

Synthesis of bridged bicyclic hyakzines via Lavis acid-mediated cyclizadons 
A summary of this series of reactions applied to differently alkylated pyrazolidinones is presented in 

Table I. Generally, the aforementioned alkylation conditions were found to give fair yields with several 
alkylating agents. The low yield in the case of propargyl bromide (entry 12) was explained by the formation of a 
considerable amount of the dialkylated pyrazolidinone 22~1 (30%). It was also shown that use of an excess of 
the alkylating agent led to the formation of the dialkylated product. For example, if 1.5 equivalent of ally1 
bmrrnde was added, a substantial amount of the diallylated product was also found. The pyrazolidinone 24 
(entry 16) was obtained upon alkylation with 4-iodo-l-(trimethylsilyl)-2-butyne,U) which was prepared via the 
corresponding mesylate.21 The dioxenone substituted pyrazolidinone 25 (entry 19) was obtained after alkylation 
with the corresponding chloride.22 The relatively low yield of the alkylated product 25 is explained by the 
thermal instability of the dioxenone moiety. This result was obtained after stirring in acetone at 40 ‘C for 40 h. 
Both higher and lower temperatures showed a decrease of the yield of 25. 

As can be seen from Table I, alkoxycarbonylation methods A and B suffer from the formation of O- 
alkylated products (entries 2, 7 and 10). The lack of regioselectivity could be overcome by using the more 
selective reagent methyl cyanofonnate, instead of methyl or ethyl chlomfonnate (entries 11, 18 and 20).23 The 
alternative method C, in which the use of a strong base is avoided, also gave satisfactory results (entries 3. 8 
and 15). Although this reaction does, in principle, not require a base, the best results were obtained by using 
stoichiometric amounts of Et3N and DMAP. 

Reduction of the pyrazolidinones proceeded without difficulties in reasonable to good yields in all cases. 
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The hydroxypyrazolidines 42 and 43 were isolated only in the case of the allyl- and propargylsilanes 34 and 35 
(entries 15 and 18). This was done in order to prevent pmtodesilylation under the acidic conditions that am 
required for the hydroxy/ethoxy exchange. 

Table 1. Synthesis of bridged hydrazines via Lewis acld-mediated cyclizations. 

entry 
alkylated product (yield) reduction Lewis 
acylated prcxtuct(s) (method. yield) pmdud (yield) acid 

cydiiatbn 
products (yield) 

: 
3 

4 
5 

6 
7 
8 

9 
10 
11 

12 
13 

14 
15 

18 R - H (66%); 
26 (A 33%) 

27 R - CqEt (C. 82%) 

19 R = H (889/o), 
28 R = CO;hrte (A: 74%) 38 (75%) 

xx- $- 
0 OCOgMe 

20 R-H (610/o),’ 
29 (A 47%)a 

30 R - COft (C: 64%)a 

Et0 

39 (71%)a 

21 R = H (82%); 
31 R = COfie (A. 24%) 32 (A: 18%) 
31 R = CO&b (D: 93%) 

22 R - H (40%)? 
33 R = CO.@ (6.67%) 

23 R = H (83%), 
34 R = CO&t (C. 62%) 

-c I- 
Et0 

‘CO,Et 

37 (83%) 

GA ‘CO&k3 
Et0 

40 (44%) 

‘3s: 1% 
Et0 

*CQEt 

EtO,q 

TICI, 
N 

Cl 

46 (56%) 47 (16%) 

EtQ$ 

TICI, 

Cl 

48 (53%) 

MeO,$ 

Tic’4 * H 

41 (65%) SO (24%) 

SMe, 
E*Zq 

N 

BFg0Et2 

42 (96%) 51 (61%) 
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Table I. Continued 

BF, OEt, 

a) Obtained as a 3 3 1 E/Z-mixture b) 22a R = CH,GCH was also found in 30% yield 

The cyclization reactions were performed under standard conditions with the Lewis acid titanium 
tetrachloride (2 equiv, dichloromethane, -78 ‘C + rt) and in the case of the silanes 42 and 43 with boron 
trifluoride etherate (2 equiv, dichloromethane, 0 ‘C + rt). For the cyclization reactions in entries 3,5,8 and 11 

tin tetrachloride was also tried as the Lewis acid but gave lower yields. Treatment of 37 with titanium 
tetrachloride afforded the bridged hydrazine 45 in a good yield (entry 3). Its stereochemistry was established by 

using NOE-dtfference *H NMR techniques on the corresponding free hydrazine 60 (see eq 4). Irradiation of the 
en&-Me signal of 60 gave a strong enhancement of the signal of the proton adjacent to the chlorine atom. This 

IS only possible if the six-membered ring is in a chair conformation with the chlorine atom in the equatorial 
position. Such a configuration is in agreement with the expected mechanism for a cationic olefin cyclization,24 in 

which the ring closure takes place via a chair-like conformation 54, and chloride comes in from the equatorial 
side (eq 3, R = H). The assignment was confumed by the lH NMR spectrum of 60, in which the signal of the 

hydrogen atom adjacent to the chlorine atom (4.20 ppm, tt) showed two axial-axial (3J, = 11 .l Hz) and two 

ax&equatonal couplings (3J, = 6.3 Hz). 

54 45,R=H 
4B,R=Me 

The above reasoning also explains the stereochemical outcome of the cyclization of the crotyl precursor 
39 to 48 (entry 8), in which both substituents occupy the equatorial position. In the conformation leading to the 

transition state of the (E)-precursor, the methyl group is in the equatorial position (54. R = Me), while chloride 

attacks from the equatorial side, thus giving rise to the formation of the frunr-product 48 as the only product. 

The (Z)-isomer would lead to a transition state with the methyl group in the axial position, so that cyclization to 
the cis-product would take place. However, this product was not observed in the reaction mixture. The relative 

configuratton of 48 was inferred from the splitting pattern of the lH NMR signal of the proton adjacent to the 
chlorine atom (3.76 ppm, dt) showmg one eq-ax (3Jc1, = 6.3 Hz) and two ax-ax couplings (3JLy1= 10.8 Hz). 

Cyclization of the methallyl precursor 38 (entry 5) afforded an inseparable mixture of 46 and the 
ehmutation product 47. The stereochemistry of the product 46 could not be fully ascertained, but it is most 

hkely that the methyl substituent is equatorial in view of the sevem steric interaction between the two endo- 
methyl groups in the alternative stereoisomer. The crowded nature of the product is reflected in the formation of 

a relatively large amount of the ehmination product 47. Because the double bond causes the six-membered ring 
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to flatten, a favorable conformation is obtained in which the interaction of the substituents with the carbamate 
function and the e&-methyl group is decreased. 

Upon cyclization of precursor 40, the 1,7-diazabicyclo[2.2.1]-heptane 49 was formed as a single 
product in high yield (entry 11). The bulky substituent is in the exe-position, which was concluded from the 
splitting pattern of the signal of the bridgehead hydrogen atom (4.43 ppm, d. 3J = 4.9 Hz).~ The coupling 
constants of the bridgehead proton with both adjacent e&o-protons are zero as a result of dihedral angles of 
approximately 90’. 

The less nucleophilic acetylene 4 1 cyclized in a rather low yield (entry 13). This can be either a result of 
the poor nucleophilicity of the acetylene or of the instability of the product 50. Both silanes 42 and 43 cyclized 
in reasonable yields to give the elimination products 5 1 and 52. 

In addition to these results, the dioxenone precursor 44 led to the expected cyclization product 53 in a 
high yield. Although many conditions were tried, cyclization took place only after treatment with boron 
trifluoride etherate (4 equiv). A smaller amount of this milder Lewis acid led to an incomplete conversion of the 
precursor 44 into the cyclization product 53. The use of tin tetrachloride or titanium tetrachloride led to 
decomposition of the dioxenone moiety prior to cyclization. 

Table II. Formic acid-mediated cyclization reactions. 
entry precursor conditions cyclization product(s) (yield) 

1 -e Me?q 

fi 

Et0 
‘CO*Me 38 16 h, 50 ‘C &J& (37%) W-&.7 (34%) 

Me06 

E; 2 TN& *COfle 40 57 (64%) 
Et0 

16h,50’C 

3 

Et0 

16h,50’Ce 

Et06 
N 

58 (47%) 

16h.25’C 51 (85%) 

SlMS?j 

5 HO 43 16h.50’C 

44 5 h, 100-C 

a) After the readbon. water was added and the mixture was st~rrad for 6 h at 60 ‘C. 
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Fomic acid-mediated cyclimtions 
Compared with the yields of the Lewis acid cyclizations, slightly different yields were obtained as is 

evident from Table II. The stereochemical outcome is similar compared to the Lewis acid cases. In the cases of 
the precursors 14, 37 and 39, cyclization did not take place, but instead the ethoxypyrazolidines were 
converted into the corresponding hydroxypyrazobdines (not shown in the Table). This is somewhat remarkable, 
as during work-up the use of water is avoided. Presumably, the formyloxy group was exchanged during flash 
chromatography to give the more stable hydroxypyrazolidines. From the formation of the hydroxypyrazolidines 
tt is evident that the N-acylhydrazoniurn ion was formed, but that cyclization did not take place. These results 
emphasize that formic acid is less suitable for the cyclization reactions than Lewis acids. For precursor 37, other 
acidic conditions were also tried e.g. trifluoroacetic acid in dichlommethane, formic acid at 100 ‘C, hydrogen 
chloride in methanol, and trimethylsilyl triflate, but none of these conditions proved to be successful. An 
example that nicely illustrates the usefulness of these formic acid cyclizations is presented in entry 3, in which 
the propargyl precursor 4 1 cyclizes to give the 1 azatropanone 5 8 in one step via hydrolysis of the intermediate 
enol ester. Surprisingly, a similar ketone was obtained in an attempt to cyclize precursor44 (entry 6). While at rt 
and at 50 “C only starting material was recovered, reaction at 100 ‘C led to cyclization, immediately followed by 
ring opening of the dioxenone moiety and decarboxylation to give 59. 

Deprotection reactions 
The cyclization products 45 and 51 were deprotected to give the free hydrazines 60 and 62, 

respectively (eqs 4 and 5). Two methods were applied i.e. hydrolysis under basic conditions (potassium 
hydroxide m methanol)19 and cleavage with iodotrimethylsilane.25 

Me,Sil (1 2 eqw), 

MeCN. 40 ‘C 

HN 

60 (79%) 

37% aq H&O, 

Cl sy$CN 

Ye 
N 

(4) 

Cl 
61 (62%) 

LIAIH, (2 equw), 

ether, reflux 
(5) 

62 (40%) 51 63 (13%) 

Conversion of the carbamate 5 1 into the corresponding methylated hydrazine 63 took place in a rather 
poor yield. An alternative route that provided the N-methyl compound is the reductive methylation of the free. 
hydrazine 60, in which the intermediate iminium ion was reduced with sodium cyanoborohydride leadiig to the 
desired compound 6 1 in good yield.26 

Synthesis of some azatropanone derivatives 
In order to convert the cyclization product 53 into azacocaine derivatives 3 two major conversions were 

to be carried out. The methyl carbamate had to be converted into a methyl function and the dioxenone part had to 
be deprotected and reduced It would be advantageous to perform a catalytic hydrogenation of the dioxenone at 
this stage, as it would immediately give the desired &-relationship between the two substituents. Various 
catalysts were tried at different pressures of hydrogen gas, but the double bond could not be reduced. This 
might be a result of the very hindered nature of this double bond. At the bottom-side, it is shielded by the 
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ethylene bridge with the gem-dimethyl function and at the topside the ca&mate hinders the approach of a 
catalyst. If 53 was treated with sodiu&mmonia27 the double bond remained unaffected, but instead the NN 
bond was cleaved to give the bicyclic system 68 

(6) 

There am several methods to convert a methyl carbamate into the corresponding N-methyl compound. 
Direct conversion of 53 into the desired product 66 (see also eq 5) by reduction with lithium altuninum hydride 
led to decomposition of the dioxenone part. A useful result was obtained if the carbamate 53 was first cleaved 
with iodotrimethylsilane to give the free hydra&e 65 (Scheme IQz Conversion into the N-methyl compound 
with methyl iodide or dimethyl sulfate did not give satisfactory results. Therefore, a reductive methylation was 
carried out,26 using 37% aqueous formaldehyde in acetoninile to give the intermediate iminium ion which was 
further reduced with sodium cyanobomhydride to the methylated compound 66. 

Scheme II 

MS 
i4 
Al 

-% 

, - 
0 0-C 

53 ’ 

- MeCN, 40-C 

1) 37% aq H,CO (5 squiv), 
NaBH&N (1.6 ewv) 

2) A&H 

N.Me 

Al 

% 

I 
- 

0 0 
0 

66 ww -6 

CH,OH (10 equiv), 

xylenes, 170 *C, 
sealed tubs. 10 min 

PhCOCl(l.2 squw). 

EbN (1.05 equiv). 
CH2CI2 

67 68 (70% 

Efforts to reduce the double bond of the dioxenone at this stage by using a catalytic hydrogenation also 
failed. On the other hand, ring opening of the dioxenone proceeded smoothly and was proven to give the best 
result if the product 66 was heated in a sealed tube for 10 min at 170 ‘C in xylenes in the presence of an excess 
of methanol (Scheme II). The crude p-ketoester 67 was obtained in a quantitative yield but could not be easily 
purified. Despite the clear lH Nh4R spectrum of the crude product, Rash chromatography led to a very low 
yield. Therefore, crude 67 was treated with benzoyl chloride to afford the axatropane derivative 68 in a 
reasonable overall yield. Unfortunately, this product could not be reduced to the desired cocaine derivative. The 
crude P-ketoester 67 was also reduced in the presence of an excess of sodium bmvhydtide at 0 ‘C to give the 
ecgonine analog 69 (eq 7). In accordance with the outcome of a similar reduction of 2-(carbomethoxy)- 
tropanone at -30 ‘C carried out by Carroll er al., 28 only one isomer was obtained in which both substituents 
occupy the et&-position (allopseudo). They also mported that reduction at 0 ‘C gave a mixture of the pseudo- 
and the allopseudoisomer. The high stereoselectivity of the reduction of 67 is probably a result of the presence 
of the e&-methyl substituent, which shields the bottom side of the molecule, thus preventing an et&-attack. 
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1-Benzyl-5,5-dimethyl-3-pyrazolidinone (12). According to the general pm&ore, 3.pymzoliie 8 (3.02 g, 26.3 mmol) 

was alkylated by usmg benzyl cblonde (3.03 mL, 26.3 mmol), K2CO3 (4.00 g. 29.3 mmol) and LiI in P-butanone (130 mL). 

Work-up and fc (ethyl acetate) afforded 12 (4.30 g. 22.1 mmol, 80%) as white needles, mp 107.5-108.5 ‘C (hexane), R/0.42. IR v 

3430,3400, 1685: ‘H NMR (200 MHz) 8 1.35 (s, 6 H, Me+), 2.39 (s, 2 H. CCHZ), 3.77 (s, 2 H. NCH2). 6.77 (br s, 1 H, NH), 

7.31 (s. 5 H. ArH): Anal. Cakd. for C12H16N20’ C, 70.56; H, 7.90; N, 13.71. Found: C, 70.52; H, 7.92; N, 13.68. 

t-Benzyl-5,5-dimethyI-3-pyrazolidinone-2-carboxylic acid ethyl ester (13) via the method B. 12 (2.03 g, 10.0 

mmol) was treated with NaH (550 mg, 12.7 mmol) and EtO2CCl (2.86 mL, 30 mmol), whrle all compounds were dmolved m 

WF (30 mL). Work-up and fc (ethyl acetat&exane 21) afforded 13 (1.64 g, 5.94 mmol. 59%) as white crystals, mp 89.92 ‘C, Rf 

0.54 and l-benzyl-5,5-dtmethyl-2-[(ethoxycarbonyl)oxy]-2-pyrazoline (17) (1.07 g. 3.40 mmol, 39%) as a colorless 

otl. gfO.92. 13: IR V 1780, 1740; 1H NMR (200 MHZ) 8 1.17 (t. J= 7.1 HZ, 3 H. CH2CH3), 1.28 (s, 6 H, Me2C), 2.57 (s, 2 

H. CCH;?), 4.03 (s. 2 H. NCH2). 4.08 (q, J= 7.1 Hz, 2 H. CH2CH3). 7.25-7.45 (m. 5 H, ArH). 17: IR v 1760, 1635; ‘H NMR 

(200 MHz) 8 1.33 (t. J = 7.1 Hz, 3 H. CH2CH3). 1.34 (s. 6 H, Me2C), 2.81 (s, 2 H, CCHZ), 3.96 (s, 2 H, NCH2). 4.25 (q. 2 H, 

CH2CH3). 7 15-7.45 (m, 5 H, ArH) 

l-Benzyl-5,5-dimethyI-3-pyrazolidinone-2-carboxylic acid ethyl ester (13) via method C. A solution of 24 

(2 00 g, 9.80 mmol) in CH2Cl2 (40 mL) was treated wuh Et3N (147 mL, 10.9 mmol), dietbyl dtcarbonate (2.9 mL, 19.6 mmol) 

and a solutton of DMAF (1.20 g, 9.80 mmol) m CH2Cl2 (4 mL). After being stured for 66 h, the solution was concentrated in 

vacuu andpurtfied by fc (ethyl acetattvbexane 21) to yield 41 (I 36 g, 4.90 mmol, 81% (after correction)) as whue crystals. 

!-Beozyl-5,5-dimethyt-3-ethoxy-2-pyrazolidinecarboxylic acid ethyl ester (14). Following the general pi-o&me, 

13 (2.00 g. 7.24 mmol) was reduced wtth NaBH4 (1.64 g. 43.4 mmol) m EtOH (100 mL). Work-up and fc (ethyl acetate/hexane 

1.4) afforded 14 (2.02 g. 6.53 mmol. 90%) as a colorless 011, R/0.43. IR v 1680; lH NMR (200 MHz) 8 0.97 (t, J = 7.0 Hz, 3 H, 

CCH2CH3). 1.01 (s. 3 H. Me). 1.19 (t. J = 7 1 Hz, 3 H, CO2CH2CH3), 1.36 (s, 3 H. Me), 2.21 (dd, J = 5.2, 13.4 Hz, 1 H, 

CHCHH). 2 32 (dd,J= 7.1, 13.4 Hz, 1 H, CHCHH), 3.59 (q. J= 7.1 Hz, 2 H, oCH2CH3). 3.89 (d, .J= 11.7 Hz, NWH), 3.92 (q, 

J = 7.0 Hz. 2 K CD2CH2CH3). 4 08 (d, J = 11.7 HZ, I H, NCHH), 5.56 (dd, J = 5.3.7.0 Hz, OCH). 7.15.7.45 (m, 5 H, ArH). 

3,4-Benxo-t,8-dtaza-7,7-dimethylbicyclo[3.2.l]octane-8-carboxylic acid ethyl ester (15). Acxmdmg u, the 

general Procedure, a s&tton of 14 (1.04 g, 3.4 mmol) tn CH2Cl2 (34 mL) was treated w~lh TrC14 (5.7 mL of a 1.2 M solution in 

CH2C12.6 8 mmol). After bemg stumd at rt for I8 h. the reacbon mrxture was wotkd.up and tlte restdue WBS chromatogmphed 

(ctbYl acetate. then ethyl acetate/hexane 1.2) to afford 15 (508 mg, 1.95 mmol, 62% (after correction)) as a colorless oil, R~ 0.28. 

IR V 1690; ‘H NMR (209 MHz) 8 (some signals appear as rotamers) 1.17-1.30 (m, 9 H, 3 x Me), 1.89 (d, J = 1 I.8 Hz, 1 H, 

H6cr&. 2.23 (dd, J = 7.0. 11.9 Hz, l H. H6exo). 4.05-4.25 (m. 3 H, H2 and CH2CH3). 4.46 (d, J =17.2 Hz, I H, H2), 5.02.5.16 

(d, J = 6.0 Hz. 1 K H5). 6 94-7.15 (m, 4 H, 4 x ArH); lH NMR (250 MHz, C6D6, 65 ‘C) 6 0.97 (s, 3 H, Me), 1.06 (t, J = 7.1 

Hz, 3 H, CH2CH3). 1.19 (s, 3 H, Me), 1 65 (d, J = 11.8 Hz, 1 H, H6en&d. 2.06 (dd, J = 7.0, 11.8 HZ, 1 H, H6exo), 3.88 (d, J = 

17.6 Hz* 1 H, H2). 4.09 (9. J = 7.1 HZ, 2 H, CH2CH3), 4.48 (d, J = 17.6 HZ, 1 H, H2), 5.16 (d, J = 6.7 Hz. 1 H, H5), 6.60-7.00 

(m, 4 H, 4 X ArH); 13C NMR (50 MHz) 8 (some signals appear as rotamers) 14.5 (CH2CH3), 25.4 (Me), 31.9 (Me), 50.9, 51.3 

(C6). 52 7 (C2). 56.7. 57 2 (C5). 6l.2,61.5 (CH2CH3), 66.0, 66.5 (C7), 124.1, 125.4, 126.2, 127.1 (ArH), 131.0, 140.0 (ArC), 

154.0. 154 5 (C(D)); MS (EL 70 eV) m/z (relattve mtenstty) 260 @I+. 81). 245 (11). 204 (62). 187 (37). 159 (370, 131 (lo), 117 

(72). 91 (36). 77 (17); HRMS calcd for C15H20N2O4 260.1525. found 260.1529. 

3,4-Benzo-1,8-diaza-7,7-dimethylbicyclo[3.2.l]octane (16). A soluuon of 15 (187 mg. 0.72 mmol) and KOH (160 

mg, 2.88 mmol) m MeOH (7 mL) was heated at reflux temperature for 90 h. The resulting mtxture was poured mto aq satd NH4CI 

(25 mL) and extracted wrth CH2Cl2 (3 x 25 mL). The combined orgamc layers were dncd (MgSOq), fdtemd and concentrated rx 

vacu The restdue was chromatograpbcd (acetone) to yield 16 (109 mg, 0.58 mmol. 81%) as a yellow oil, R, 0.13. IR v 3390, 

3060; ‘H NMR (250 MHz) 8 1.25 (s, 3 H, Me), 1.27 (s, 3 H. Me), 1.95-2.15 (m, 2 H, 2 x H6), 3.90 (br s, 1 H, NH), 4.07 (d, JE 

17.3 Hz, 1 H, HZ), 4.17 (d, J = 6.0 Hz, 1 H, H5), 4.45 (d, J = 17.3 Hz, I H, H2). 6.85-7.15 (m, 4 H, ArH); 13C NMR (50 MHz) 

8 26.1 (Me), 32.7 (Me), 53.1, 53.3 (C2 and C6), 65.6 (C7). 124.4, 125.4, 125.8, 126.9 (ArH), 132.1, 141.7 (ArC); MS (EI, 70 

eV) m/z (relative mtensuy) 188 (M+, 64). 173 (23). 145 (8), 132 (66). 131 (100). II7 (36). I04 (8). 91 (8). 77 (9). 32 (48). 31 
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(64); HRMS calcd for C,2H16N2 188.1313, found 188.1320. 

S,S-Dimethyl-I-(2-propenyl)-3-pyrazolidinone (18). Accord@ to the general pure, 3-pyrazdidinone 8 (2.0 g, 17.5 

mmol) was alkylated with ally1 bromide (1.51 mL, 17.5 mmol), K2CO3 (2.67 g. 19.3 mmol) and Lid in 2-butanone (f!fl mL). 

Work-up and fc (ethyl acetate) affaded 18 (1.71 g. 11.5 mmol, 66%) as a white solid, mp 40-42 l C, RfO.19. IR v 3340. 3400, 

3080, 1675; lH NMR (200 MHz) 6 1.22 (s, 6 H, Me2C), 2.28 (s, 2 H, CCH2J 3.22 (d, J = 6.4 Hz, 2 H. NCHZ). 5.15 (dd, .I = 

1.8, 8.1 Hz, 1 H, =CXH), 5.23 (d. J= 2.8 Hz, 1 H. =CHH), 5.65-5.90 (m, 1 H, =CH), 8.27 (br s, 1 H, NH). 

5,5-Dimethyl-l-(2-methyl-2-propenyl)-3-pyrazolidinone (19). 3-pyrazolidinone 8 (1.00 g, g.gO mmol) was alkylated 

(accoRbng to the general procedure) with 3chloro-2-methyl-1-propene (0.91 mL, 9.21 mmol), K2CO3 (1.27 g. 9.20 mmol) and LiI 

in 2butanone (50 mL). After work-up and fc (ethyl ecetate), 19 (1.29 g, 7.69 mmol, 88%) was obtained as a white solii, mp 97.5- 

98.5 ‘C (ether), Rf0.45. IR v 3430, 3400,308O. 1680; 1H NMR (200 MHz) S 1.25 (s, 6 H. Me2C), 1.75 (s, 3 H, Me), 2.34 (s, 2 

H, CCH2). 3.12 (s, 2 H, NCHZ). 4.92 (m, 2 H, =CH2), 7.24 (br S, 1 H, NH); Anal. Calcd. for C9Hl$J2ti C, 64.25; H, 9.59; N, 

16.65. Found: C, 64.27; H, 9.57; N. 16.56. 

I-(2-Butenyl)-5,5-dimethyl-3-pyrazolidinone (20). Following the general pnxcdure. 3-pymzolidinone 8 (3.02 g, 26.3 

mmol) was alkylated by usmg Cbtomo-2-butene ((E’)/(Z) 3.3:1) (2.8 mL, 27.6 mmol), K2CO3 (3.82 g, 27.6 mmol) and LiI m 2- 

butancme (100 mL). After work-up and fc (ethyl acetate), 20 (2.71 g. 16.0 mmol, 62%) was obtained as white crystals, mp 66.5-68 

‘C, R~O.20, (E)/(z) 3.3:1. IR v 3430.3190, 1689; Q-isomer: ‘H NMR (200 MHz) 6 1.29 (s. 6 H, Me2C), 1.69 (dt, J= 6.3. 1.0 

Hz, 3 H, Me), 2.35 (s, 2 H, CCH2). 3.21 (d, J = 6.5 Hz, 2 H, NCH2), 5.35-5.55 (m. 1 H, CH2CH=), 5.60-5.80 (dq, J = 15,6.3 

Hz, CH3CH), 7.60 (br s, 1 H. NH). @-isomer: ‘H NMR (200 MHz) 6 1.32 (s, 6 H, Me2C). 1.69 (dt, J = 1.0.6.3 Hz, 3 H, Me), 

2.38 (s, 2 H, CCH2), 3.33 (d, J = 6.9 Hz, 2 H, NCH2). 5.35-5.55 (m. 1 II, CH2CH=), 5.60-5.80 (m, 1 H, CHCH3), 7.60 (br s, 1 

H, NH). 

5,5-Dimethyl-l-(3-metbyl-2-butenyl)-3-pyrazolidinone (21). Following the general procedure, 3-pyrazoluiiie 8 

(7.61 g. 67.0 mmol) was alkylated by using 4-bromo-2-methyl-2-butene (10.5 g, 70.5 mmol), K2CO3 (13.9 g. 0.10 mol) and LII 

m 2-butanone (400 mL). After work-up and fc (ethyl acetate), 21 (9.75 g, 53.6 mmol, 80%) was obtained as white needles, mp 

%.5-97 ‘C (CH2C12/ether l:lO), RjO.30. IR v 3430, 1685; lH NMR (200 MHz). 6 1.30 (s. 6 H, Me$), 1.74 (s. 3 H. Me), 2.36 

(s, 2 H, CCH2), 3.30 (d, J = 7.1 Hz, 2 H, NCH2). 5.20 (tt, J = 1.3, 7.1 Hz, =CH), 6.90 (br s, 1 H, NH). 

5,5-Dimethyl-1-(2.propynyl)-3-pyrazolidinone (22). Followmg the general procedure, 3pyrazohdmone 8 (4.02 g. 35.1 

mmol) was alkylated by ustng 3-bromo-1-propyne (4.11 mL, 36.9 mmol), K2CO3 (5.11 g, 36.9 mmol) and LtI in 2-butanone (150 

mL). Work-up and fc (ethyl acetate/acetone 1:1) afforded 22 (2.1 I g, 13.9 mmol, 40%) as yellow crystals, mp 100-105 ‘C, Rf 0.54 

~d5,5-dimetbyl-l,t-di(2-propynyl)-3-pyrazolidinone (22a) (2.01 g. 10.5 mmol, 30%) as a dark oil, Rf0.89. Data for 

22: IR v 3430,3300,2250,1690; ‘H NMR (200 MHz) 6 1.32 (s, 6 H, Me2C), 2.27 (t. J = 2.4 Hz, I H, C&H), 2.44 (s, 2 H, 

CCH2), 3.52 (d, J = 2.4 Hz, 2 H, NCH2). 8.07 (br s, 1 H, NH). Data for 22a: IR v 3300.2250. 1690; lH NMR (200 MHz) 6 

1.29 (s, 6 H, Me2C). 2.1 I (s, 2 H, CCH2). 2.25 (t. J = 2.3 Hz. 2 H, 2 x C&H). 3.45-3.75 (m, 4 H, 2 x NCH2). 

5,5-Dimetbyl-l-(2-[(trimetbylsilyl)methyl]-2-propenyl}-3-pyrazolidinone (23). According to the general 

procedure, 3-pyrazolidmonc 8 (2.50 g, 21.5 mmol) was alkylated upon use of 2-chloromethyl-3-(trimetbylsilyl)-I-prooene (2.90 g. 

22.8 mmol), K2CO3 (2.73 g, 19.7 mmol) and Ld in P-butanone (70 mL). Work-up and fc (ethyl acetate) afforded 23 (3.61 g. 14.8 

mmol, 83%) as whue crystals, mp 59-61 ‘C (ether), R, 0.60. IR v 3440,3400,3080.1690,1250,850; ‘H NMR (200 MHz) 6 0.0 

(s, 9 H, MegSi), 1.26 (s, 6 H, Me2C), 1.61 (d, J = 0.7 Hz, 2 H, CH2S1), 2.34 (s, 2 H. CCH2). 3.08 (s, 2 H. NCH2), 4.72 (d. J = 

0.6 Hz, 1 H, =C/fH), 4.85 (d, J = 1.9 Hz, 1 H, =CHH), 6.83 (br s, 1 H. NH). 

5,5-Dimethyl-1-[4-(trimethylsilyl)-2-butynyl]-3-pyrazolidinone (24). Following the general procedure, 3- 

pyrarohdmone 8 (2.60 g, 22.8 mmol) was alkylated wuh 4-mdo-l-(trimethyisilyl)-2-butyne20*21 (6.00 g, 23.9 mmol) and K2CO3 

(3.30 g, 23.9 mmol) in 2-butanone (130 mL). After work-up and fc (ethyl acetate), 24 (3.70 g, 15.4 mmol, 68 %) was obtained as 

yellowtsh crystals, mp 81.5-83.5 ‘C (ether), Rr 0.45. IR v 3420, 3200, 2220, 1690, 1250,850; ‘H NMR (200 MHz) 6 0.09 (s, 9 
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H* Me3S1)s X33 (S. 6 H. M%C). 1.46 k J = 2.4 Hz, 2 H, CH2Si). 2.42 (s. 2 H, CCHZ), 3.52 (t, J = 2.4 Hz, 2 H, NCHZ), 7.70 

(brs.1H.W. 

5,5-Dimethyl-1-[(3,3-dimethyl-5-oxo-2,4-diox-6-enyl)metbyl]-3-pyrazolidinone (25). A&g to the gem 

procedure, 3-wrazolidinone 8 (3.55 g. 31.1 mmol) WBS &@tcd with dioxenonG2 (5.50 g. 31.2 mmol), K2CO3 (4.7 g. 34 mmol) 

and a catalytic amcunt of LiI in acetone (130 mL). After being stirred at 45 ‘C for 48 h, the mixture was worked-up and plaifti by 

fc (ethyl acetate) to afford 25 (4.79 g. 18.9 mmol, 61%) as orange crystals. mp 112.5-l 13 ‘C (pentanejetherm2CI2 1O:lO:l). R, 

0.28 (ethyl acetate). IR v 3420,172O. 1635,1385,1370,1270.1010; ‘H NMR (200 MHz) S 1.30 (s. 6 H. M+C). 1.71 (s, 6 H, 

Me2CC). 2.36 (s, 2 H, CH2), 3.40 (s, 2 H, NCH2). 5.52 (s, 1 H, =CH), 7.70 (br s, 1 H, NH); 13C NMR (50 MHz) S 24.9 (4 x 

Me), 42.7 (CH2). 54.1 (NCH2). 63.0 (NC), 94.6 (=CH). 107.0 @CO), 160.6, 167.3, 174.9 (2 x C(0) sod =C); MS (El, 70 eV) 

m/z (relative mtcnsity) 1% (MM+-58. 100). 127 (100). 83 (62). 43 (74). 

5,5-Dimethyt-3-[(methoxycarbonyl)oxyl-l-(2-propenyl)-2-pyrazoline (26). Accordii to method A, 18 (2.00 g, 

13.0 mm00 was treated with NaH (680 mg, 15.6 mmol) and MeO2CCl (3.0 mL, 39 mmol), all compounds dissolved in ‘fHF (20 

mL). Work-up and fc (ethyl zcetatc&xane 1:l) afforded 26 (920 mg, 4.3 mmol, 33%) as a yellow oil, Rf0.74. IR v 3080, 1760, 

16301 ‘H NMR (200 MHz) S 1.26 (s, 6 H, Me2C), 2.73 (s. 2 H, CCH2), 3.40 (dd, J = 1.2.6.1 Hz, 2 H. NCHZ), 3.81 (s, 3 H, 

CC$CH3). 5.11 (dd,J = 1.2, 10.7 Hz, 1 H, =CHH), 5.22 (dd, J = 1.2, 17.2 Hz, 1 H, =t.XH), 5.85-6.05 (m, 1 H, &H). 

5,5-Dtmethyt-l-(2-propenyl)-3-pyrazolidinone-2-carboxylic acid ethyl ester (27). According to method C, a 

SObmOn of 18 (12 6 g, 82.0 mmol) rn CH2Cl2 (300 mL) was treated with Et3N (11.6 mL, 86 mmol), dietbyl dicarbonate (24.1 

mL, 164 mmol) and a solutron of DMAP (10.0 g, 82.0 mmol) m CH2C12 (30 mL). After concentration rx ~uu and plrification 

by fc (ethyl acetate), 27 (11.5 g. 50.9 mmol. 82% (after correctron)) was obtained as a colorless oil. Rj 0.64. IR v 3080, 1780, 

1730; ‘H NMR (200 MHz) S 1.23 (s. 6 H, Me2C), 1.24 (t. J = 7.1 HZ, 3 H, CH2CH3). 2.43 (s. 2 H. CCH2). 3.46 (d, J = 6.9 Hz, 

2 H, NCH2). 4.22 (q, J = 7.1 Hz. 2 H, CH2CH3). 5.05-5.13 (m, 2 H, =CH2), 5.75-5.90 (m, 1 H. =CH). 

5,5-Dimethy1-1-(2-methyl-2-propenyl)-3-pyrazolidinone-2-carboxylic acid methyl ester (28). According to 

metkf A, 19 (500 mg, 2.98 mmol) was reacted wttb NaH (79 mg, 3.28 mmol) and MeO2CCl (0.69 mL, 8.94 mmol) in THF (5 

mL). Work-up and fc (ethyl acetate/bexane 1:l) afforded 28 (497 mg, 2.20 mmol, 74%) as a colorless oil, Rf 0.45. IR v 3090, 

1810, 1760; ‘H NMR (200 MHz) S 1.27 (s, 6 H, Me2C). 1.84 (s, 3 H, Me), 2.53 (s, 2 H, CCH2). 3.34 (s, 2 H, NCHZ), 3.78 (s, 

3 H, CO2CH3), 4.84,4 86 (s, 2 H, =CHZ). 

1-(2-BotenyI)-5,5-dimethyl-3-[(methoxycarbonyi)oxy]-2-pyrazoline (29). Followmg method A, 20 (2.20 g, 13.1 

mm00 was treated wttb NaH (630 mg, 14.4 mmol) and Me02CCI (3.04 mL, 39.3 mmol), all compounds were dissolved in ‘fHF 

(30 mL). Work-up and fc (ethyl acetateArexane 1.2) afforded 29 (1.40 g, 6.21 mmol, 47%) as a colorless 011, (Ex(z)-ratio 3.3:1, Rf 

0.75. IR V 1760, 1630: (II)-Isomer: ‘H NMR (200 MHz) S 1.26 (s, 6 H, Me$), 1.67 (d, J = 4.6 Hz, 3 H, Me), 2.74 (s, 2 H, 

CCH2), 3.33 (dd,J = 1.1, 3.9 HZ, 2 H, NCH2). 3.82 (s, 3 H, CO2CH3). 5.55-5.70 (m. 2 H, HC-CH); Q-tsomer: ‘H NMR (200 

MHz) S 1.28 (s, 6 H, Mc2C), 1.65 (d. J = 6.1 Hz, 3 H, Me), 2.75 (s, 2 H, CCH2). 3.45 (dd, J = 1.1, 3.9 Hz, 2 H. NCH2), 3.82 (s, 

3 H, C02CH3). 5555.70 (m, 2 H, HGCH). 

t-(2-Dotenyl)-5,5-dimethyt-3-pyrazolidinone-2-carboxylic acid ethyl ester (30). Following method C, a somuon 

of 29 (1.13 g. 6.70 mmol) in CH2C12 (25 mL) was treated with Et3N (0.9 mL, 6.7 mmol), dretbyl dicarbonate (1.97 mL, 13.4 

mmol) and a solutton of DMAP (0.82 g, 6.7 mmol) m CH2Cl2 (5 mL). Concentrauon in WCIA,J and fc (e&yl m) afforded 30 

(1.03 g. 4.3 mmot, 64%) as a yellowtsh 011, Rf 0.76, @Y(Z)-rat10 3.3:1. IR v 1780, 1730; Q-isomer: IH NMR (200 MHz) S 

1.26 (s, 6 H, Me20 I.30 (1. J = 7.1 Hz, 3 H, CH2CH3). 1.60 (d. J = 4.8 Hz, 3 H, Me), 2.50 (s, 2 H, CCH2), 3.57 (d, J = 5.4 

Hz, 2 H, NCHZ), 4.28 (S, J = 7.1 HZ, CH2CH3). 5.40-5.70 (m. 2 H. CH=CH): Q-isomer: lH NMR (2fKl MHz) S 1.27 (s, 6 H, 

Mc$), I.30 (1. J = 7.1 Hz, 3 H, CH2CH3). 1.56 (d, J = 9.2 Hz, 3 H, Me), 2.46 (s, 2 H, CCH2). 3.43 (d, J = 7.1 Hz, 2 H, NCH- 

2). 4 28 (o, J = 7 1 Hz, CH2CH3). 5.40-5.70 (m, 2 H, CH=CH). 
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5,5-Dimethyl-l-(3-methyl-2-butenyl)-3-pyrazolidinone-2-carboxylic acid methyl ester (31) via method A. 

21 (2.02 g. 11.0 mmol) was treated with NaH (380 mg, 15.8 mmol) and MeO$Cl (2.56 mL, 33.0 mmol) in THF (2.0 mL). 

Work-up and fc (ethyl acetatefhexane 1:l) afforded 31 (635 mg, 2.65 mmol. 24%) as a light yellow oil, Rf 0.27 and 5,s. 

dtmethyl~(3-methoxycnrbonyl)oxyl-l-(3-methyl-2-butenyl)-2-pyrasoline (32) (486 mg. 2.0 mmol. 18%). as a 

yellowish 011. 31: IR v 3030, 1780, 1730; ‘H NMR (250 MHz) 8 1.32 (s, 6 H, Me$), 1.58 (s, 3 H. Me). 1.70 (s, 3 H, Me). 
2.51 (s, 2 H, CCH2). 3.55 (d, J= 7.6 Hz, 2 H, NCH2). 3.85 (s, 3 H, CO2CH3). 5.20-5.35 (m. 1 H, =CH). 32: IR v 3030. 1760, 
1630; ‘H NMR (200 MHz) 8 1.28 (s, 6 H, Me2C). 1.65 (s, 3 H, Me), 2.27 (d, J= 0.9 Hz. 3 H, Me), 2.74 (s, 2 H, CCHZ), 3.37 
(d,J= 6.5 Hz, 2 H, NCH2). 3.83 (s, 3 H, CO2CH3). 5.30-5.45 (t. J = 6.5 HZ, 1 H, =CH). 

5,5-Dimethyt-l-(3-methyl-2-butenyl)-3-pyrazolidinone.2-carboxylic acid methyl ester (31) via method D. 

21 (25 mg, 0.14 mmol) was alkylated by usmg LDA @repmed ftom diiiropylamine (24 mL, 0.17 mmol) and n-butyilithium 
(105 mL, 0.17 mmol)) and MeO2CCN (24 mg, 0.28 mmol). all compounds dissolved m THF (1 mL). After work-up and fc (ethyl 
acetatefiexane 1:1),31 (31 mg, 0.13 mmol, 93%) was obtained as a colorless oil, Rf 0.30. 

5,5-Dimethyl-l-(2-propynyl)-3-pyrazolidinone-2-carboxylic acid ethyl ester (33). Following method B, 22 (1.96 
g, 7.00 mmol) was treated with NaH (201 mg, 8.36 mmol) and EtO2CCl (2.0 mL, 21 mmol) in THE (50 mL). Work-up and 

punfication by fc (ethyl acetateAtexane I:]) afforded33 (1.05 g. 4.70 mmol, 67%) as a light yellow 011, Rf0.41. IR v 3300,2105, 
1780, 1725; ‘H NMR (200 MHz) 8 1.34 (t. J = 7.1 HZ, 3 H, CH2CH3), 1.34 (s, 6 H, Me2C), 2.30 (t. J = 2.4 HZ, 1 H, C&H), 
2 74 (br S, 2 H, CCH2). 3.81 (d, J = 1.7 Hz, 2 H, NCH2). 4.32 (q. J = 7.1 Hz, 2 H, CH2CH3). 

5,5-Dimethyl-l-(2-~(trimethylsilyl)methyl]-2-propenyl)-3-pyrazolidinone.2.carboxylic acid ethyl ester 

(34). Following the general procedure C, a solution of 23 (3.50 g. 14.6 mmol) m CH2C12 (60 mL) was treated with Et3N (2.06 

mL, 15.3 mmol), diethyl dtcarbonate (8.6 mL, 58 mmol) and a solution of DMAP (1.78 g. 14.6 mmol) in CH2C12 (10 mL). 

Concentranon m vacua and purification by fc (ethyl acetate/ltexane 1:2) afforded 34 (2.11 g, 6.76 mmol, 62% (after cormcoon)) as a 
colorless 011, RfO.38. IR v 3080, 1780, 1740, 1250,850; lH NMR (200 MHz) 8 0.0 (s, 9 H, Me3St). 1.27 (s, 6 H, Me2C), 1.29 

(t. J= 7.1 Hz, 3 H, CH2CH3). 1.70 (d, J = 0.5 HZ, 2 H, CH~SI), 2.52 (s, 2 H, CCH2). 3.23 (s, 2 H, NCH2). 4.23 (q, J= 7.1 Hz, 
2 H, CH2CH3). 4.66 (s, 1 H, =CXH), 4.83 (t. J= 0.7 HZ, I H, =CJXH). 

5,5-Dimethyl-1-[4-(trimethylsilyl)-2-butynyl]-3-pyraxolidinone-2-carboxylic acid methyl ester (35) via 

method A. 24 (412 mg. 1.73 mmol) was treated wnh NaH (51 mg, 2.1 mmol) and MeO2CCl(O.40 mL, 5.2 mmol) in THF (I5 

mL). Work-up and punticanon by fc (ethyl acetatefbexane 1:l) afforded 35 (317 mg, 1.07 mmol, 62%) as a colorless 011, R, 0.60. 

IR V 2250, 1780, 1730, 1250, 850; ‘H NMR (200 MHz) 8 0.03 (s, 9 H, Me3St), 1.33 (s, 6 H, Me2C), 1.39 (t, J = 2.3 Hz, 2 H, 

CH2St). 2.73 (br S, 2 H, CCH2). 3.79 (br S, 2 H, NCH2). 3.87 (s. 3 H, CO2CH3). 

5,5-Dimetbyl-l-[4-(trimethylsilyl)-2-butynyl]-3-pyrazolidinone-2-carboxylic acid methyl ester (35) via 

method D. 24 (130 mg, 0.55 mmol) was akylated upon use of LDA (prepared from diisopropylamme (84 pL, 0.60 mmol and n- 

butylhthium (380 pL, 0.61 mmol)) and Me02CCN (94 mg, 1.10 mmol). Work-up and fc (ethyl acetat&exane 1:1) afforded 35 (87 
mg, 0.29 mmol, 53%) as a colorless 011, RfO.60. 

5,5-Dimethyl-1-[(3,3-dimethyl-5-oxo-2,4-diox-6-enyl)metbyl]-3-pyrazolidinone-2-carboxylic acid methyl 

ester (36). To a suspensron of NaH (29 mg, 1.2 mmol) in THF (2 mL) was added dropwtse at rt a solution of 25 (303 mg, 1.2 
mmol) in THF (4 mL). After bemg stirred for I5 mitt, the resulting clear solution was cooled to 0 ‘C and a solution of MeO2CCN 

(306 mg, 3.6 mmol) m THE (1 mL) was added. The mixture was stirred at 0 ‘C for 15 mm and an ad&uonal2 h at R and poured 
mto aq satd NaCI (20 mL) and extracted with CH2Cl2 (3 x 40 mL). The combmed orgamc layers were dried (MgSO4). filtered and 

concenuated in vucuo. The residue was chromatogmphed (ethyl acetate) to give 36 (255 mg, 0.82 mmol, 68%) as white crystals, mp 

116-117 ‘C (ethyl acetaWhexane).RfO.52. IR v 1790.1735, 1720, 1635.1310. 1285.1015; lH NMR (200 MHz) 8 1.28 (s, 6 H. 

Me2CC), 1.69 (s, 6 H, Me2CO), 2.79 (s, 2 H, CH2), 3.45 (s, 2 H, CH2). 3.86 (s, 3 H, CO2CH3). 5.60 (s. 1 H, =CH); 13C NMR 
(50 MHz) 6 24.8 (2 x Me), 25.3 (2 x Me), 42.9 (CH2). 53.6 (NCH2), 53.8 (CO2CH3), 61.6 (NC), 95.2 (=CH), 106.7 @CO), 

150 4, 160.4, 167.5, 171.7 (3 x C(0) and =C). MS f&I. 70 eV) m/r (relative mtensity) 312 (Xl+, 7). 254 (48). 185 (100). 103 (20). 
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83 (41). 69 (27), 43 (27); HR?dS dcd for C14H2&06 312.1321. found 312.1306. 

~~~-Dtmethyl-3-ethoxy-l-(2-propcnyl)-2-pyrazoiidinecarboxylic acid ethyl ester (37). ~&og to h geod 

pr‘=d”res 27 (10.0 g, 44.2 mmol) Was reduced wtb N&H4 (10.0 g, 0.27 mol) in EtOH (XXI mL). After w&q & fc (ebyl 

acetate/hexane l:t), 37 (9.36 g, 26.6 mmol, 83%) was obtained as a light yellow oil, Rf 0~0. IR v 3080, 172~ 168~ 1H NMR 

(200 MHz) 6 0.95 6.3 K Me). 1.08 Ct. J = 7.1 HZ, 3 H, OCH2CH3). 1.19 (t. J = 7.0 Hz. 3 H, C02CH2CH3), 1.26 (s, 3 H, Me), 

2.02 (dd,J= 4.7, 13.5 Hz, 1 H, CHO. 2.22 (dd,J = 6.0, 13.5 Hz, 1 H, CHCHH), 3.30-3.70 (m, 4 H, ClCV2CH3 and~~1.12). 

4.15 (9. I = 7.0 Hz, 2 H. CC2CH2CH3). 5.01 (s, 1 H, =CHH), 5.07 (d, J = 10.0 Hz, 1 H, =CHH), 5.49 (dd, J = 5.0.6.0 Hz, 1 H, 

OCH), 5.85-6.10 (m, 1 H, =CH). 

5~~-Dimethyt-J-ethoxy-l-(2-methyl-2-propenyl)-2-pyrazolidinecarbo~yli~ acid methyl ester (38). ~~~~~~~~~ 

the Fmrd Procedure, 26 (465 mg. 2.06 mmol) was reduced with NaBH4 (467 mg, 12.3 mmol) in ETCH (25 n$_). After wo&_up 

and Ic (ethyl ~tate/bex~ 1:l). 38 (397 mg, 1.55 mmol, 75%) was obtamed as a colorless oil, Rf 0.78. 1~ v 3070, 1680; 1H 

NMR (200 MHz) 8 0.99 (s, 3 H, Me). 1.16 ft. J= 7.0 Hz, 3 H. CH2CH3). 1.28 (s, 3 H, Me), 1.85 (s, 3 H, Me), 2.07 (dd, / = 4.9, 

13 5 Hz. I H. CHCW. 2.27 (dd, J = 7.3, 13.4 Hz, 1 H. CHCHH), 3.38 (s, 2 H, NCH~), 3.59 (q, J = 7.0 Hz, 2 H, CH2CH3), 

3 69 (s, 3 H, CO2CH3). 4.82 (s, 2 H, =CH2), 5.55 (dd, J = 5 0.7.2 Hz, 1 H, OCH). 

l-(2-Boteoyl)-5,5-dimethyl-3-ethoxy-2-pyrazolidinecarboxylic acid ethyl ester (39). Following me general 

pmcedme, 36 (502 mg. 2 t mmot) was reduced wtm NaBH4 (473 mg, 12.6 mmol) m EtOH (25 mL). Work-up and fe (ethyl mm) 

affcded 39 (404 ml% 1.5 mmoh 71%) as a CoIorIess oil. Q/(Z)-ratio 3.3:1, Rf0.70. IR v 1690; ‘H NIvIR (2@3 MHz) 8 (mixtut@ 

098 (s, 3 H, Me). 1.14 (t. J = 7.0 Hz, 3 H, CCH2CH3). 1.24 (t. J = 7.0 HZ. 3 H. CO2CH2CH3), 1.29 (s, 3 H, Me), 1.55 (m, 3 

H. CHCIf3). 2.07 (dd. J = 4 7. 13.5 Hz. 1 H. CHCHH). 2.24 (dd, J = 7.3, 13.4 HZ, 1 H. CHCHH), 3.30-3.45 (m, 2 H, NCHZ), 

3 45-3 75 (m, 2 H. ccH2cH3). 4.05-4.40 (m, 2 H, CO2CH2CH3), 5.45-5.65 (m, 3 H, CHZCH and c(X). 

5,5-Dimethyt-3-ethoxy-1-(3-methyl-2-butenyl)-2-pyrazolidinecarbo~ylic acid methyl ester (46). Followingme 

genera Procedure, 3 1 (634 mg, 2.35 mmol) was reduced wnh NaBH4 (620 mg, 16.5 mmol) m EtOH (60 mL). After work-up and fe 

(ehYt acetate/hezane 1 I),46 (318 mg, 1.18 mmol, 44%) was obtamed as a colorless oil, Rf 0.55. IR v 3030, 1685; 1~ NMR 

(250 MHz) 8 0.96 (s. 3 H. Me). 1.09 (t, J = 7.0 Hz, 3 H, CH2CH3). 1.28 (s, 3 H, Me), 1.56 (s, 3 H, Me), 1.64 (s, 3 H, Me), 2.06 

(dd, J = 5.0, 13.4 Hz, 1 H, CHCHH), 2.23 (dd, J = 7 3, 13.4 HZ, 1 H, CHCHH). 3.35-3.40 (m, 1 H, NCHH), 3.45-3.65 (m, 3 H, 

Ncm andcH2cH3). 3.70 (s, 3 H, CO2CH3). 5.27 @r s, 1 H, =CH), 5.51 (dd, J= 5.4.6.8 Hz, 1 H, OCH). 

5,5-Dimethyl-3-ethoxy-1-(2-propynyl)-2-pyrazolidinecarboxylic acid ethyl ester (41). Aexrdmg to me general 

Procedure, 33 (1J.k) g. 4.50 mmot) was reduced with NaBH4 (1 02 g, 27.0 mmol) m EtOH (50 mL). After work-up and fe (ethyl 

aeeu@hezane t:t), 41 (741 mg, 2.92 mmol, 65%) was obtamed as a colorless 011, Rf 0 56. IR v 3310, 1690; 1~ NMR (ux, 

MHz) 5 0 93 (G 3 JL Me). 1.07 (t. J= 7.1 HZ, 3 H, OCH2CH3). 1.18 (t. J= 7.1 HZ. 3 H, CO2CH2W3). 1.22 (s, 3 H, Me), 1.95 

W,J=4.4, 14 2 Hz, 1 H, CHCfW, 2.07 (t. J= 2.4 HZ, 1 H, CuCH), 2.20 (dd, J= 7.2, 13.6 Hz, 1 H, CHCHH), 3.50-3.70 (m, 2 

H, oCH2CH3). 3 61 (dd, J = X9.3 Hz, 2 H, NCH2). 4.05-4.25 (m. 2 H, CO2CH2CH3), 5.50 (dd, J= 457.0 Hz, 1 H, 0~). 

5,5-Dimetbyl-3-hydroxy-l-(2-t(trimethylsilyl)methyl]-2-propeny1)-2-pyrazolidine~arbo~yli~ acid ethyl 

ester (42). Followmg the general procedure, 34 (678 mg, 2.17 mmol) was reduced WA NaBH4 (493 mg, 13.0 mmol) In BtCH 

(25 ml-). After being stirred for 2 h at -20 ‘C, the reaction was quenched with cold aq satd NaHcc3 (30 mL). After work-up 

aeeordmg to the genera) Procedure and fc (ethyl acetatiexane 2.21). 42 (653 mg, 2.08 mmol, 96%) was obtained as a whtte soltd, 

mP 66-68 ‘c (hexane), R/0.68. IR v 3450, 3080, 1725, 1660, 1240, 850; ‘H NMR (200 MHz) 8 0.0 (s, 9 H, Me38i), 1.05 (s, 3 

H. Me). 1 25 (1. J = 7 0 Hz, 3 H, CH2CH3). 1.26 (s, 3 H, Me), 1.63 (d, J = 13.6 Hz. 1 H, CHHSi), 1.84 (d, 1 H, J = 13.6 HZ. 

cww. 2.07 (dd, J = 5.4. 13 3 HZ, 1 f-f. CHCHH), 2 22 (dd, J = 7.2, 13.2 Hz, 1 H. CHCHH), 3.25 (s, 2 H, NcH2), 4.05-4.20 

(m. 2 H. cII2cH3), 4.62 (s, 1 H, =CffH), 4.80 (s, 1 H, =CHJf), 5.71 (t. J= 5.4 Hz, I H, OCH). 
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5~5-Dimetbyl-3-bydroxy-l-~4-(trimetbyisiiyl)-2-butyayl]-2-pyrazoltdinecarboxyltc acid aetbyl ester (43). 

Followmg the general procedure. 35 (315 mg, 1.06 mmol) was reduced with NaBH4 (241 mg, 6.39 mmol) in EtOH (10 mL). After 

~gstirredet-U)‘Cfor2hthereactionwasquenchedwiIhcoldaqsstdNaHC03(50mL)andwcgLed ~fdlowing~~ 

pmcedum. fc (ethyl XelaWlWme 

1250.850; 1H NMR (200 

32) afforded 43 (185 mg. 0.62 mmol. 59%) as a colorless oil, Rr 0.52. IR v 3500.2200,1679, 

MHz) 6 0.07 (s, 9 H, Me3Si), 1.15 (s, 3 H, Me), 1.35 (s. 3 I-I, Me), 1.45 (I, J I 2.3 HZ, 2 H, CH2Si). 

2.18 (br 6, 1 H. CHCHH), 2.41 (dd, J = 7.3, 13.2 Hz, 1 H, CHCW, 3.45 (br S, 1 H, OH), 3.66 (br s, 2 H. NCH~, 3.79 (s, 3 H, 

CO2CH3). 5.71 (br S. I H, OCH). 

5,g-Dimetbyll-[(3,3-dimetbyl-5-oxo-2,4-diox-6-enyl)metbyl]-3-etboxypyrazolidine-2-carboxylic acid 

methyl ester (44). Followmg the general procedure. 64 (59 mg. 0.19 mmol) was redwed with NaFIH4 (29 mg, 0.76 mmal) m 

EtOH (2 mL). After work-up and Rash chromatography (ethyl tWa@fbexane 1:l). 64 (44 mg, 0.13 mmol, 68%) was obtained as 

white crystals, mp 115-l 16 ‘C (ethyl acetatehexaoe. l:l),RfO.38. IR v 1720,170O. 1635, 1445,1370, 1110, 1080, 1025.900, lH 

NM2 (200 MHz) S 1.02 (s, 3 H, Me). 1.17 (t, I = 7.1 Hz, 3 H. CH2CQ, 1.41 (8, 3 H, Me), 1.67 (s. 3 I-I, Me), 1.69 (s. 3 H. 

Me), 2.05 (dd, J = 4.7, 13.4 Hz, 1 H. CHCHH), 2.31 (dd. J = 7.2, 13.6 Hz, 1 H. CHCHH), 3.50-3.75 (m, 4 H. NCH2 and 

CH2CH3). 3.73 (s, 3 H, CO2CH3). 5.55-5.60 (m, 1 H, CHO). 5.60 (s, 1 H, =CH); 13C NM2 (50 MHz) 6 14.8 (CH2CH3), 23.0 

(Me), 24.4 (Me), 25.1 (Me), 28.1 (Me), 45.2 (CH2). 52.9 (CO2CH3), 54.8 (NCH2)), 64.1 (W2CH3), 65.8 (NC), 90.9 (OCH), 

95.3 (=CH), 106.7 @CO). 154.0, 161.0, 168.0 ( 2 x C(0) and =C); MS (RI, 70 eV) m/r (relauve intensity) 342 (l&, 15) 284 

(lOf’), 239 (50). 216 (100). 159 (100). 113 (60). 103 (37), 43 (27); HRMS cakd for Cl6H22N206 342.1791, found 342.1801; 

Anal. Cakd. for C16H22N206: C, 56.12; H, 7.65. Found: C, 55.75; H, 7.68. 

~~~-~3S,5S)-3-Cbloro-1,8-diaza-7,7-dimetbylbicyclo[3.2.l]octane-8-carboxylic acid etbyl ester (45). 

Accordmg to the general procedure, 37 (3.00 g, 11.7 mmol) dissolved in CH2C12 (120 mL) was cyclii with TiCl4 (19.5 mL of a 

1.2 M solutron, 23.4 mmol). The mixture was worked-up after being stirred at rt for 18 h and the residue was purit.ted by fc (ethyl 

acetate) to afford 45 (2.72 g, 11.1 mmol, 95%) as a yellow oil, Rf0.76. I2 v 1670; lH NMR (2QO MHz) 6 (some signals appear 

as rotamers) 1.11, 1.16 (s, 3 H, Me), 1.28 (1.J = 7.0 Hz, 3 H, CH2CH3), 1.41 (s, 3 H, Me), 1.65 (br d. 12.9 Hz, 1 H, H6&. 

2.00-2.25 (m. 3 H, H6exo and 2 X H4), 3.05-3.25 (m. I H, H2). 3.40-3.50 (m. I H, H2). 4.104.35 (m, 2 H, CH2CH3). 4.40. 

4.45.4.59-4.62 (m, 1 H, H5); ‘H NMR (250 MHz, C7D8.90 ‘C) 6 0.94 (s, 3 H, Me), 0.96 (s, 3 H, Me), 1.06 (1. J = 7.1 Hz, 3 

H,CH2CH3), l.l7(d,J= 12.8Hz. 1 H,H6e,.&. 1.65(dd,J=8.0. 12.7Hz. 1 H,H6exo). 1.79(ddd,Jr2.8,6.5, 12.7Hz, 1 H, 

H4). 2.03 (dt, J = 3.0, 10.7 HZ. 1 H, H4), 3.10-3.20 (m, 2 H. NCH2). 3.90-4.10 (m, 3 H. CO2CH2CH3 and H3), 4.084.38 (m. I 

H, H5); 13C NMR (50 MHz) 6 (all signals appear as mtamers) 14.5, 14.7 (CH2CH3). 22.5, 22.6 (Me), 31.1, 31.3 (Me), 40.2, 

40.4 (C4). 43.9, 44.5 (C6), 49.5 (C3), 54.7, 55.4 (C5). 56.7, 57.5 (CZ). 61.2. 61.6 (CH2CH3), 64.7, 65.7 (C7). 153.0. 153.7 

(C(0)); 13C NMR (50 MHz, C6D6.65 ‘C) S 15.5 (CH2CH3). 22.4 (Me), 32.4 (Me), 41.5 (C4). 45.1 (C6). 51.0 (C3). 56.3 (CS), 

58.5 (CZ), 61.9 (CH2CH3). 65.5 (C7). 153.0 (C(O)); MS (RI. 70 eV) m/z (relative intensity) 246 (M+, 40). 211 (100). 142 (32), 

128 (36) 70 (18); HRMS calcd for CllHl9N202CI 246.1135, found 246.1129. 

~e~-~3R,5~)-3-Cbloro-1,8-diaza-3,7,7-trimetbylbicyclo[3.2.l]octane-8-carboxylie acid methyl ester (46). 

A=ting to the general procedure, 38 (228 mg, 0.89 mmol) dissolved m CH2Cl2 (9 mL) was cyclized by using TiCl4 (1.48 mL 

of a 1.2 M solution, 1.78 mmol). After being stirred at rt for 18 h, the reaction was worked-up and the residue was chnxnatographed 

(ethyl acetate/hexane 1:l) to give an inseparable mixture (153 mg) of 46 (56%) and 1,8-diaza-3,7,7- 

trimethylbicyclo[3.2.l)oct-2.ene-8.carboxylic acid methyl ester (47) (16%) as a colorless 011, R, 0.37. 46 

(mlxturc): IR v 1690; ‘H N?viR (200 MHz) 6 (some stgnals appear as mtamers) 1.08-1.62 (m, 9 H, 3 x Me), 1.90.2.12 (m, 2 H, 2 

X H6). 2.33-2.36 (m, 1 H, H4), 2.64 (d,J= 12.8 HZ. 1 H, H4), 3.36 (d.J= 16.3 Hz, 1 H, H2). 3.72 (s, 3 H, CO2CH3), 3.76 (d. 

/ = 16 Hz, 1 H, H2), 4.35-4.55 (m. I H, H5); 13C NM2 (50 MHz) 6 25.7 (Me), 31.8 (Me), 37.0 (Me), 40.7 (C6). 41.5 (C4), 52.6 

(CO2CH3). 52.8 (C5). 63.1 (CZ). 65.9 (C7). 66.9 (C3). 155.0 (C(O)). 47: IR v 1680; ‘H NMR (200 MHz) 6 1.15 (s, 3 H, Me), 

1.33 (s, 3 H, Me), 1.58 (s, 3 H, Me), 1.50-1.70 (m, 2 H, H4 and H6endo), 2.08 (dd, J = 11.8, 8.0 Hz. I H, H6&. 2.66 (m, 1 H, 

H4). 3.73 (S, 3 H, CO2CH3). 4.40-4.50 (m, 1 H. HS), 6.10-6.14 (s, I H, H2); 1H NMR (250 MHz, C6D6.65 ‘C) 6 1.09 (s, 3 H, 

Me), 1.14 (s, 3 H, Me). 1.20 (dd, J = 12.3, 5.4 Hz, 1 H, H6enQ, 1.15-1.25 (m, 1 H, H4), 1.28 (s, 3 H, Me). 1.79 (dd, / = 12.2, 

7.9 Hz, 1 H, H6exo), 2.56 (d, J = 15.7 Hz, 1 H, H4), 3.54 (s, 3 H. CO2CH3). 4.46 (br s, 1 H, H5). 6.04 (s, 1 H, H2); 13C NM2 

(50 MHz) 6 (some signals appear as rotamers) 19.6 (Me), 24.2 (Me), 29.3 (Me), 37.3, 37.6 (C4), 45.5, 46.2 (C6). 52.6 
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151 (loo), 137 (4% 109 (32). 95 (25). 81 (17); HRMS cakd for C12H20N202 224.1525, found 224.1530. 

1,7-Diaza-5,5-dimethyI-3-ethenylidenebicyclo[2.2.l]heptane-7-carboxyiic acid methyl ester (52). To a 

zoluuon of 43 (109 mg, 0.37 mmol) m CH2Cl2 (4 mL) was added BF3eOEt2 (91 pL, 0.74 mmol) at 0 l C. The reaction mixture 

was surreal at 0 ‘C for 15 mm and for 18 h at rt. The resulting orange solution was poured into aq satd NaCl(50 mu) and mnmct& 

with CH2Clp (3 x 50 mL). ‘Ibe combmed organic layers were wasbed with H20 (50 mu), dried (MgSo4). tibemd and concentrated 

rn vn~~. The residue was cbromatogmpbed (ethyl acetatekiane 1:l) to give 52 (48 mg, 0.23 mmol, 62%) as a colorless oil, Rf 

0.36. IR v 1980, 1960, 1690.890, 840; *H NMR (200 MHz) 8 1.23 (s, 3 H. Me), 1.24 (s, 3 H, Me), 1.51 (d, J = 11.3 Hz, 1 H, 

H5~.1.W(dd,J=4.7,11.9Hz,1H,H5~,d,3.57(dt,~=15.1,4.7Hz. 1H.H2).3.74(s,3H,C02CH3)),3.81(dt~~~15.1, 

3.1 Hz, 1 H, H2), 4.83 (br s, 2 H, =CHZ), 4.88 (d, J = 4.7 HZ, 1 H, H4); 13C NMR (50 MHz) 8 24.9 (Me), 30.6 (Me), 46.3 (C5), 

53.0 (CC2CH3). 54.3 (C2). 64.9 (C6). 65.0 (C4). 79.3 (=CH2), 100.8 (C=C=CHz), 156.0 (C(O)), 197.1 (C=C&‘Hz); MS (~1.70 

ev) m/r (mlative mtensity) 208 @I+. 82). 193 (14). 152 (100). 141 (74), 125 (30). 107 (16). 97 (20). 70 (8); HRMS calcd for 

C11H161’1202 208.1212, found 208.1205. 

CYcIizatIon product 53. To a solution of 44 (1.57 g. 4.59 mmol) in CH2C12 (50 mL) wzs added at 0 ‘C BF3.0Et2 (2.26 mL, 

18.4 mmol). The mixture was stured at 0 ‘C for 10 mm and for 18 h at n. ‘Ibe mixture was poured into aq stud NaCl (100 mL) and 

extracted with CH2C12 (3 x 100 mL). The combmed organic layers were dried (MgS04). filtered and concennated in ~IICUO. Abe 

residue was chromatograpbed (ethyl acetate/bexane 1:l) to give 53 (1.44 g. 4.86 mmol, 94%) as a colorless oil that solidified upon 

standing, mp 106-107 ‘C (ethyl acetate~exane), Rf0.36. IR v 1720, 1645, 1420, 1370, 1290; ‘H NMR 6 1.22 (s, 3 H, Me), 1.34 

(s, 3 H, Me), 1.63 (s, 3 H, Me), 1.66 (s. 3 H, Me), 1.98 (d, J = 11.5 Hz, 1 H, H6m,do), 2.12 (dd, J = 6.0, 12.0 HZ, 1 H, H6cxo), 

3.44 (d, J = 18.9 HZ, 1 H, H2). 3.76 (s, 3 H, CO2CH3), 3.90 (br d, J = 19 Hz, 1 H, H2), 5.10 (br s, 1 H, H5); 13C NMR 6 (some 

signals appear as mtamers) 23.2,25.8, 26.5.32.1 (Me), 49.7.50.3.51.2 (br, C2 and C6), 51.7 (C5). 53.1 (C02CH3), 66.8, 67.6 

(C7), 107.1,107.6 (OCO and C4), 155.0,158.3,161.7 (C3 and 2 x C(0)); MS (EI, 70 eV) m/r (relative mtensuy) 2% (M+, 15). 

238 (100). 210 (30). 155 (66), 109 (25). 80 (12); HRMS calcd for Cl4H2$I2O5 2%.1372, found 2%.1369; Anal. Calcd for 

Cl4H20N205: C, 56.76; H. 6.76. Found: C, 56.35; H, 6.76. 

r~~-(3~~5~]-l,8-Diaza-3-(formyloxy]-3,7,7-trimethylbicyclo[3.2.1]octane-8-carboxy11~ acid methyl ester 

(56). A solution of 3.8 (232 mg, 0.91 mmol) m HCODH (9 mL) was stirred at 50 ‘C for 18 h. Concentration in Y(IC~ d fc 

(ethyl acetate/hexane 1:1) affovded 56 (85 mg, 0.33 mmol, 37%) as a colorless oil, RfO.20 and 47 (65 mg, 0.31 mmol, 34%) as a 

colorless 011, RfO.34. 56: IR v 1720, 1680; lH NMR (200 MHz) 8 (some stgnals appear as mtamers) 1.07 (s, 3 H, Me), 1.43 (s, 

3 H. Me). 1.47 (S, 3 H, Me), 1.91-2.13 (m. 3 H, 2 x H6 and H4). 2.51 (d,J = 15.2 HZ. 1 H. H4), 3.16 (d,J = 16.2 Hi, 1 H, ~2). 

3.74 (s, 3 H, CC2CH3). 3.79 (d,J= 16.2 Hz, 1 H, H2), 4.35,4.46 (br s, 1 H, H5); ‘H NMR (250 MHz, C6D6.65 ‘C) 8 1.05 (s, 

3 H, Me). 1.11 (s, 3 H, Me), 1.23 (s, 3 H, Me), 1.65 (dd, J= 7.9, 12.3 HZ. 1 H, H6exo), 1.82 (d, J = 11.1 HZ, 1 H. ~6,_&, 1.87 

(d. J = 16.7 Hz, 1 H, H4), 2.23 (d, J = 15.0 Hz, 1 H, H4), 3.12 (d. J = 16.3, 1 H. H2). 3.55 (s, 3 H, C02CH3), 3.59 (d, J z 16.3 

Hz, 1 H, H2), 4.20-4.40 (m. 1 H, H5), 7.50 (s, 1 H, CHO); 13C NMR (63 MHz) 8 (some signals appear as mmmers) 23.2 (Me), 

27 4 (Me). 31.7 (Me), 40.9 (CS), 41.8,42.5 (C4), 52.1.52.4 (CO2CH3). 52.8.52.9 (c5), 58.7, 59.4 (c2). 65.3.65.7 (c7). 78.7 

(C3). 155.0, 159.8 (C(O)); MS (EL 70 eV) m/r (relanve mtensuy) 256 (M+, 25). 227 (59). 154 (31). 143 (29), 129 (60). 128 

(100). 95 (43). 70 (64); HRMS c&d for Cl2H20N2O4 256.1423. found 256.1407. 

r~~-(3RR,4~~-1,7-Diaza-6,6-dimethyI-3-[dimethyl(formyIoxy)methyl]bicycIo[2.2.l]heptane.7.carboxylic acid 

methyl ester (57). A solution of 40 (142 mg, 0.52 mmol) m HCOOH (5 mL) was stirred at 50 l C for 18 h. Concentration in 

va~uo ad fc (ethyl acetaWkxane 1:l) afforded 57 (118 mg, 0.44 mmol, 84%) as a yellow oil.RfO.14. IR v 1715; lH NMR (200 

MHz) 8 (all signals appear as mtamers) 1.09-1.20 (m, 7 H, 2 x Me and HSmx&. 1.39 (s, 3 H, Me), 1.42 (s, 3 H. Me), 1.72, 1.70 

WJ= 4.9, 11.5 Hz, 1 H, H5,,d, 2.05,2.14 (t, J= 7.4 Hz, 1 H. H3), 2.70.2.73 (dd, J= 6.5, 13.0 Hz, 1 H, H2), 3.22.3.24 (dd, 

J= 8.0, 12.6 HZ, 1 H, H2), 3.62, 3.67 (CO2CH3). 4.45, 4.51 (d, J = 5.0 Hz, 1 H, H4), 7.86, 7.87 (s, 1 H, OCHO); ‘H NMR 

(250 MHz, C7D8, 90 ‘C) 6 0.88 (d, J = 11.3 Hz, 1 H, HScndo). 0.93 (s. 3 H, NCCH3), 1.05 (s, 3 H, NCCH3), 1.25 (s. 3 H, 

CHCCH3), 1.29 (s, 3 H. CHCCH3), 1.52 (dd, J= 5.0, 11.3 Hz, 1 H, H5,,d, 1.96 (t, J= 7.3 Hz, 1 H, H3), 2.60 (dd, J= 6.8, 12.6 

Hz, 1 H, H2), 2.98 (dd, J = 7.9, 12.6 HZ, 1 H, H2), 3.48 (s, 3 H, CO2CH3), 4.43 (d, J = 4.9 HZ, 1 H, H4), 7.61 (s, 1 H, OCHO); 

13C NMR (50 MHz) 8 (all signals appear as rotamers) 23.1, 23.5 (Me), 23.6, 24.0 (Me), 25.0.25.1 (Me), 30.4, 30.5 (Me), 46.5, 
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NCH3). 3.00 (dd. J = 6.4, 14.9 Hz, 1 H. H2). 3.25 (dd, J = 11.3, 14.9 Hz, 1 H, HZ), 3.30-3.40 (m, 1 H. HS), 4.28 (tt, J = 11.1. 

6.8 Hz, 1 H. H3); 13C NMR (63 MHz) 6 22.8 (Me). 29.5 (C6). 31.0 (Me), 32.7 (Me), 42.9 (C4). 47.8 (C3). 52.4 (C2), 58.1 (C5). 

73.9 (C7); MS (RI, 70 eV) m/r (relative intensity) 188 (M+. 18). 153 (IOO), 97 (35), 43 (42); &MS calcd for C9H17N2Cl 

188.1081, found 188.1077. 

1,8-Diaza-7,7-dimetbyl-3-methyleoobicyclo~3.2,l~octane (62). A solution of 51 (78 mg, 0.35 mmol) and KOH (78 

mg, 1.4 mmol) m MeOH (4 mL) was heated at reflux temperatum for 90 h. The resulting solution was poured into aq stud NH4CI 

(25 mL) and extra&d with CH2Cl2 (3 x 20 mL). The combmcd organic layers were dried (lvlgS04), filtered and WUXNG+W in 

WCIW. Purification of the restdue by fc (acetone) affonicd 62 (21.5 mg, 0.14 mmol, 40%) as a colorless oil, RfO.lO. IR v 3300, 

3060,895; ‘H NMR (200 MHz) 6 1.11 (s, 3 H, Me), 1.38 (s, 3 H, Me), 1.66 (d, J = 12.0 Hz, 1 H, H6&. 1.80 (ddd, J = 0.7, 

7.1. 12.4 HZ, 1 H, H6,d, 2.10 (d, J= 13.9 HZ, 1 H, H4), 2.68 (d.J= 13.3 Hz, 1 H, H4), 3.49 (d.l= 15.4 Hz, 1 H. H2). 3.60. 

3.80 (m. 2 H, H2 and HS), 3.93 (br s, 1 H, NH), 4.754.85 (m, 2 H. KHZ); 13C NMR (63 MHz) 6 23.1 (Me), 32.0 (Me), 41.0 

(C4), 45.4 (C6). 57.4 (CS), 57.7 (C2). 66.4 (C7), 112.3 (=CHz). 142.7 (C3); MS (HI, 70 eV) m/r (relative intensity) 152 (M+, 

33). 137 (100). 109 (13). 95 (26). 81 (25). 69 (40). 55 (25). 41 (32); HRMS calcd for C9Hl6N2 152.1313, found 152.1310. 

1,8-Diaza-3-methylene-7,7,8-trimethylbicyclo[3.2.l]octane (63). To a suspension of LiAlIQ (17 mg, 0.45 mmol) in 

THF (2 mL) was added dmpwtse a solution of 51 (51 mg. 0.23 mmol) m THF (2 mL) and the mrxture was heated at reflux 

temperature for 3 h. After cooling to rt, H20 (53 mL) was added and the resulting suspension was washed with ether (50 mL). The 

organic layer was dned (MgSO4). fihemd and collcentrated tn vactw to a&rd 63 (9.8 mg, 0.059 mmol. 13%) as a colorless oil. Rf 

(ethyl acetate) 0.10. IR v 3060, 890; lH NMR (200 MHz) 6 1.27 (s, 3 H, Me), 1.32 (s. 3 H, Me), 1.62 (d, J = 12.1 I-Ix, 1 H, 

H6endd. 1.89 (d, .f = 14.9 Hz, 1 H, H4). 2.06 (dd, J = 7.4, 12.1 Hz, 1 II. H6,,d, 2.73 (s. 3 H, NCH3). 2.78 (d. J = 14.9 Hz, I H. 

H4), 3.25 (d, J = 16.2 Hz, 1 H, H2), 3.36-3.46 (m, 1 H, H5), 3.80 (dd. J = 1.0, 16.2 Hz, 1 H, H2), 4.71-4.84 (m, 2 H, =CHZ); 

13C NMR (50 MHz) 6 24.6 (Me), 32.7 (C4), 33.0 (Me), 35.9 (NCH3). 45.9 (CS), 49.1 (C2). 59.8 (C5). 63.9 (C7), 111.3 (=CHz), 

142.6 (C3); MS (HI, 70 eV) m/z (relanve intensity) 166 (M+, 57). 151 (95). 125 (26). 111 (17). 95 (27). 83 (100). 82 (90). 55 

(23), 43 (37); HRMS calcd for C,OHl8N2 166.1470, found 166.1470. 

Diazepine 64. A solution of 53 (100 mg, 0.34 mmol) m THF (2 mL) was added to a solution of Na (31 mg, 1.35 mmol) in 

NH3 (15 mL) at -78 ‘C. The mixture was stured at -78 ‘C for 3 h, quenched by adduion of NH4Cl (182 mg, 3.4 mmol) and the 

ammonia was allowed to evaporate. Thc residue was dissolved in H20 (20 mL) and extracted with CH2Cl2 (3 x 20 mL). The 

combmed orgamc layers were dried (MgS04), filtered, concentrated m V~CUO and c hromatographed (ethyl aceIatefhexane 4:1) to afford 

53 (12 mg) and 64 (12 mg, 0040 mmol, 16% (after correctton)) as a whne solrd, mp 157-159 ‘C, Rf 0.20. IR v 3440, 1720, 

1640, 1509, 1270; 1H NMR (250 MHz) 6 1.17 (s, 3 H, Me), 1.21 (s, 3 H, Me), 1.61 (s, 3 H, Me), 1.65 (s, 3 H, Me), 1.68 (d,J = 

14.9 Hx, 1 H, WI-I), 1.77 (br s, 1 H, NH), 2.22 (dd, J = 7.8, 14.9 Hz, I H, CHH), 3.44 (d, J = 18.7 Hz, 1 H, NCHH). 3.61 (d, J = 

18.7 HZ, 1 H, NCHH), 3.65 (s, 3 H, CO2CH3). 4.86 (br t, J = 7.8 Hz, 1 II. NCH). 5.70 (br d, J = 7.8 Hz. 1 H. NH); 13C NMR 

(63 MHz) 6 24.3,25.5,27.8, 31.7 (4 x Me), 43.6.44.5 (NC and CHZ), 45.0 (NCH), 52.0 (C02CH3)), 52.1 (NCH2), 105.3, 107.2 

(OCO and C3), 155.9. 161.1, 168.8 (2 x C(0) and C4); MS (HI, 70 eV) m/z (relative intensity) 298 (M+, 7). 223 (50). 183 (17). 

165 (100). 150 (25). 71 (30). 58 (85). 

Hydrazine 65. To a solution of 53 (700 mg, 2.36 mmol) in MeCN (3 mL) was added Me3SiI (403 pL, 2.83 mmol) and the 

mtxture was sttrred at 40 ‘C for 2 h. It was poured mto aq satd NaHS03 (50 mL) and extracted with CH2CI2 (3 x 50 ml_). The 

combmed organic layers were dned (K2CO3). filtered, concenmued m vccuo and cs (acetone) to affotd 65 (550 mg, 

2.31 mmol. 98%) as a colorless 011 that sohdttied upon standing, mp 150-160 ‘C (decomposes before meltmg), RfO.30. IR v 3295, 

1710. 1640, 1420, 1295, 1110, 1030, 890; ‘H NMR (200 MHz) 6 1.21 (s, 3 H, Me), 1.34 (s, 3 H, Me), 1.64 (s, 6 H, 2 x Me), 

1.91 (dd,J= 5.8, 12.2 Hz, 1 H, H6ex&2.06 (d,J= 12.2 Hz, 1 H, H6en&, 3.41 (d,J= 18.8 Hz, 1 H, H2), 3.81 (d,J= 18.7 Hz, 

1 H, H2), 4 16 (d, J = 5.7 Hz, 1 H, H5), 4.20 (br s, 1 H, NH); 13C NMR (50 MHz) S 23.3,26.2,26.5, 32.6 (Me), 51.5, 51.6 (C2 

and C6), (53.2 (C5), 66.2 (C7), 106.5 @CO), 107.9 (C4), 159.0, 162.6 (C3 and C(0)): MS (RI, 70 eV) m/z (relanve mtensity) 

238 (M+, 7) 180 (67). 152 (20), 97 (45). 70 (17). 43 (18). HRMS calcd for Cl2Hl8N203 238.1317, found 238.1313; Anal. 

Calcd forC12H18N203: C.6049; H, 7.61; N, 11.76. Found. C, 60.36; H, 7.72; H, 1169. 
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N-Methylhydrazine 66. To a solution of 65 (600 mg. 2.52 mmd) in MeCN (6 mL) were added 37% aq formahkhyde (1.01 

mL. 12.3 mmol) and NaBH3CN (253 mg, 4.03 mmol). After being stirred for 15 min at rt, glacii acetic acid was a&led camfully 

until the pH was neutral. Stirring was continued for 45 mm. while the pH was kept neutral by dmpwise addition of gl&al acetic 

actd. The solution was poured into 1 N KOH (40 mL) and extracted with CH2C12 (3 x 50 mL). The combined organic tayers WQC 

washed with H20 (30 mL), dried (K2CO3), ilkred, concentrate4linWcuoand v (ethyl BcetBte) to afford 66 (570 mg. 

2.26 mmol, 90%) as a white solid, mp 64.5-66.5 ‘C (ethyl acetate), RfO.20. IR v 1715. 1640, 1415. 1400. 1380. 1370. 1290. 

1265. 1100; ‘H NMK (200 MHz) 6 1.28 (s, 3 H, Me), 1.38 (s. 3 H. Me), 1.69 (s. 6 H. 2 x Me). 1.94 (d, J = 11.9 Hz, 1 H. 

H6endd.2.33 (dd,J=6.1, 12.2 Hz, I H.H6ez&2.66 (s. 3 H, NCH3). 3.31 (d,l= 19.3 Hz. 1 H,H2), 3.75 (d,J= 19.2 Hz, 1 H, 

H2), 3.91 (d, J= 6.0 Hz, 1 H. HS); 13C NMK (50 MHz) 8 23.7, 26.2.27.4, 33.6 (4 x Me), 38.8 (NCH3). 56.7 (CS), 65.0 (C7). 

105.4, 106.4 (CC0 and C4), 159.4, 161.9 (C3 and C(0)): MS (EL 70 eV) m/t (relative intensity) 252 (M+, 30). 194 (100). 166 

(27). lll(86). 83 (26) 43 (17); HKMS c&d for Cl3H20N2O3 252.1474, found 252.1479. 

3-~eazoyloxy-7,7,g-trimethyl-1,8-diazabi~ycio[3.Z.l]oct-3-ene-4-carboxylic acid methyl ester (68). A 

solution of 66 (13 mg, 0.052 mmol) and MeOH (18 & 0.5 mmol) in xylenes (0.5 mu) was heated at 170 ‘C for 10 mia jn a 

sealed tube. The mixture Was concentrated in wcuo to afford 3-oxo-7,7,8-trimethyi-l,8-diazabieyclo[3.2.l]octaae-4- 

carboxylic acid methyl ester (67) (10 mg) as a hght yellow oil. lH NMK (200 MHZ) 8 1.27 (s, 3 H, Me), 1.35 (s, 3 H, 

Me), 1.86 (d, J = 11.7 Hz, 1 H, H6&. 2.27 (dd, J = 6.2, 11.9 Hz, 1 H, H6,&. 2.64 (s, 3 H, NCH3), 2.82 (d, J = 3.8 Hz, l H, 

H4). 3.34 (d. J = 19.2 Hz, 1 H. H2). 3.76 (s, 3 H, CO2CH3). 3.82 (d, J = 19.2 HZ. 1 H, H2), 3.83 (dd. J = 6.1, 3.8 HZ, 1 H, ~5). 

The cm& resulue was Qssolved tn CH2Ct2 (1 mL) and treated with benzoyl chloride (6.5 pL, 0.056 mmol) and Et3N (8 pL, 0.057 

mmOl) at 0 ‘C. The mixture was stirred at 0 ‘C for 10 min and 5 h at rt and concentrated in YUW. fc (ethyl acctatJhexane 4:l) 

afforded 68 (12 mg, 0.036 mmol, 70%) as a colorless oil, Rf 0.35. lH NMK (200 MHz) 6 1.39 (s, 3 H, Me), 1.45 (s, 3 H, Me), 

2.01 (d. J= 11.8 Hz. l H, H6). 2.30 (dd,J= 6.5, 11.8 Hz, I H, H6), 2.74 (s, 3 H. NCH3). 3.45 (d,J= 19.7 Hz, I H, HZ), 3.59 (s, 

3 H. CC2CH3). 3.82 (d, J= 19.9 Hz, 1 H, H2), 4.04 (d. J = 6.5 Hz, 1 H. HS), 7.40-7.60 (m, 3 H, ArH), 8.06-8.11 (m, 2 H, ArH); 

13C NMK (63 MHz) S 26 6, 33.1 (2 x Me), 36.5 (NCH3). 45.6 (CS), 51.2 (C2). 51.7 (CO2CH3), 59.7 (CS), 65.3 (0, 120.0 

(C4). 128.6. 129.8, 133.7 (ArH), 128.9 (ArC). 152.0 (C3). 164.0, 164.2 (C(O)); MS (HI. 70 eV) m/r (relative intensity) 330 (M+, 

20) 169 (20). 105 (loo). 77 (21); HKMS cahd for Cl8H22N204 330.1580, found 330.1579. 

(3-Hydroxy-7,7,g-trimetbyt-l,8-diazabicyclo[3.2.lJoctane-4-carboxylic acid methyl ester (69). A solution of 

66 (13 mg, 0.052 mmol) and MeOH (18 itL, 0.5 mmol) in xylenes (0.5 mL) was heated at 170 ‘C for 10 min in a sealed tube and 

COnCentrated in ~~CIW to afford 67 (10 mg) as a light yellow 011. The crude residue was dissolved in McOH (1 mL) and treated at 0 

‘C with NaBH4 (12 mg, 0.32 mmol). After being stirred at 0 ‘C for 3 h, the solution was poured into ~~0 (5 mu) and extract& 

with CH2Ct2 (3 x 5 mL). The combmed organic layers were dried (MgSC@, filtered, concemmted in wxuo and cw 

(acetone) to afford 69 (9 mg, 0 038 mmol. 73%) as a colorless oil, Rf 0.30. IK v 3600,1705, 1430, 1290,1060,900, *H NMK 

(200 MHz) 6 1.35 (s, 3 H, CHkxd. 1.51 (s, 3 H, CH3c.ndo). 1.98 (dd, J= 7.8, 12.5 Hz, 1 H, H6ezo). 2.26 (d,J = 12.5 Hz, 1 H, 

H6&, 2.66 (s, 3 H, NCH3), 3.05 (t. J = 4 Hz, 1 H, H4), 3.12 (d, J = 16.2 Hz, H2), 3.43 (dd, J = 5.3, 16.3 Hz, 1 H, H2), 3.47 

(dd,J= 7.6,2.6 HZ, 1 H, H5), 3.73 (s, 3 H, CO2CH3), 3.79 (b r s, 1 H, OH), 4.09 (t, J = 4.9 Hz, 1 H. H3); 13C NMR (63 MHz) 

S 24.4. 33 1. 34.9 (3 x Me), 40.2 (C4). 42.8 (CS), 45.2 (C2). 51.9 (CO2CH3). 58.5 (C5). 62.6 (C3), 63.2 (C7). 174.3 (C(0)): 

MS @I, 70 eV) m/r (relative intensrty) 227 (M+-I, 18). 171 (M+-57.36). 122 (25), 105 (lOO), 77 (37). 
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