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CHAPTE RR 2 

SOLIDD PHASE SYNTHESIS OF PYRROLIDINES! 

2.11 Introductio n 

Pyrrolidiness constitute an important structural moiety that frequently occurs in 

naturall  and synthetic biologically active compounds.2 For example, pyrrolidine-containing 

drugss are used in the treatment of cancer, obesity, fungal and viral infections.3 Consequently, 

aa large number of synthetic routes towards these valuable compounds have been reported.4 

Moree recently, pathways have been developed that enable combinatorial approaches 

towardss pyrrolidines. An example is the solid phase synthesis of pyrrolidines by 

Hollinshead,, yielding a small library of pyrrolidines by condensing azomethine ylides with 

a,p-unsaturatedd ketones (Scheme 2.1) .5 

Schemee 2.1 
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key:key: a) Cs2C03, Nal, DMF; b) ArCHO, NaOMe, THF; c) PhCH=NCH2C02Me, LiBr, DBU, THF; d) TFA/CH2C12. 

Thus,, 3-hydroxyacetophenone 2 was coupled to chlorinated Wang resin 1 to give 

polymer-boundd acetophenone 3. Aldol condensation with different aromatic aldehydes 

resultedd in enones 4, which were then subjected to a 1,3 dipolar cycloaddition to provide the 

highlyy substituted pyrrolidines 5. These could either be directly cleaved from the resin to 

givee the corresponding amines (6, X = H) or further diversified to give the acetylated 

productss 6 (X = Ac). 

Inn a recent example, Steger et al. reported the synthesis of an 800-membered library of 

2,3,4-trisubstitutedd pyrrolidines (Scheme 2.2) .6 The structurally complex immobilised 

azetidinonee 7, that was synthesised in ten steps from ascorbic acid,7 was immobilised on 

commerciallyy available tritylchloride polystyrene resin to provide 8 and subsequently 

reactedd with several acid and sulfonyl chlorides to provide intermediates 9. After ring-

openingg with different amines, the resulting pyrrolidines 10 were cleaved from the resin 
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withh simultaneous cleavage of the THP group using TFA to yield a library of 2,3,4-

trisubstitutedd pyrrolidines 11. 
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100 11 

fcey:fcey: a) DIPEA, CH2C12; b) RiXCl (X = S02, CO), NEt3, DMAP, CHjCli; c) R2R3NH, NEfe, CH2C12; d) 

TFA/MeOH/CH2Cl2. . 

Inn many groups, including ours, functionalisation of pyrrolidines at the C2-position 

viavia N-acyliminium ion chemistry has been explored.8 Major contributions in this area were 

deliveredd by the group of Shono (eq 2.1).9 

,—>> O R 1 , — , O 

NN anodic oxidation ^N^~OMe ^ A R ^ N ^ ^ - ^ R (2.1) 
ii  " i "  i 

C02Mee MeOH C02Me TiCl4/BF3OEt2 C02Me 

122 13 14 

Electrochemicall  oxidation of methyl carbamate protected pyrrolidine 12 generated 

thee N,0-acetal 13. Treatment with TiCLt or BF3-OEt2 generated the corresponding N-

acyliminiumm ion, which was then reacted with several enol ethers to provide the fi-

ketoaminess 14 in good yields. In a recent contribution, Yoshida et al. showed that 

electrochemicall  oxidation in the presence of the nucleophile directly leads to formation of the 

desiredd 2-substituted pyrrolidine products.10 Oxidation at the a-position can also be carried 

outt using 'BuOOH and a catalytic amount of RuCl2(PPh3)3 to furnish the a-tert-

butyldioxypyrrolidinee analogue of 13, that may be used as an alternative precursor in N-

acyliminiumm ion reactions.11 Furthermore, 13 could also be generated by radical induced 

decarboxylationn of N-methoxycarbonylated proline as developed by Suarez.12 

Anotherr way to access the required N,0-acetal precursor proceeds via reduction of an 

activatedd lactam, as shown by Louwrier et al. in a projected synthesis of the guanidine 

alkaloidd ptilomicalin A (eq 2.2).13 

14 4 



SolidSolid Phase Synthesis of Pyrrolidines 
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Benzyll  carbamate protected 2-pyrrolidinone 15 was chemoselectively reduced to the 

hemiarninal,, which was then transformed into N,0-acetal 16 by stirring in acidic trimethyl 

orthoformatee in high yield. Subsequent BF3-OEt2 mediated reaction with, for instance, the 

trimethylsilyll  enol ether of acetophenone gave 17 in excellent yield. 

Ourr goal was to functionalise pyrrolidines at the C2-position in a parallel fashion via 

additionn of suitable C-nucleophiles to resin bound N-acyliminium ions. The general 

retrosyntheticc strategy is depicted in eq 2.3. 

»»Cr»»CrRR= = 
18 8 
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Nu u J J 
20 0 

EtO O 
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Wee envisioned that the desired pyrrolidines 18 might be obtained via cleavage of the 

carbamatee functionality of the immobilised systems 19. These compounds, in turn, should be 

availablee from the solid phase bound aminoacetals 21 via Lewis-acid mediated generation of 

thee N-acyliminium ion 20 and trapping with suitable C-nucleophiles. We deliberately chose 

too immobilise the y-aminoacetals via a carbamate function, thus incorporating the acyl moiety 

inn the linker system. 

2.22 Model Studies in Solution 

Thee immobilised intermediate 23 required for this approach can be obtained via two 

differentt pathways (eq 2.4). 

o o 

Ó Ó 
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0=(( = > 0={ (2.4) 
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Pathwayy A involves coupling of 2-pyrrolidinone to an activated carbonate precursor, 

followedd by chemoselective reduction of the resulting imide 22 and subsequent acid 

catalysedd substitution of the resulting hydroxy into an ethoxy group.14 Pathway B requires 

thee coupling of an amine to an activated carbonate resin. The resulting carbamate tethered 

aminoacetall  24 can then be cyclised under (Lewis) acidic conditions to provide the desired 

N,0-acetall  23. We chose to explore pathway B for two reasons. First, coupling of an amine to 

ann activated carbonate resin is much easier than coupling of an amide. And second, the 

reductionn of the amide is usually carried out in an alcohol as solvent, which is incompatible 

withh the Merrifield resin used. 

Thee viability of this approach was checked by a model study in solution. 

Commerciallyy available 4,4-diethoxybutylamine was protected with a Cbz-group to give the 

modell  system 25 (Scheme 2.3). 

Schemee 2.3 
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Tablee 2.1 Synthesis of 2-substituted pyrrolidines in solution 

entry y nucleophilee product yield d 

29a a 

29b b 

92% % 

87% % 

Subjectionn of this precursor to BF3-OEt2 in the presence of a nucleophile led to 

formationn of the oxycarbenium ion 26, which was in situ attacked by the carbamate nitrogen 

too afford the cyclic N,0-acetal 27. Lewis acid mediated abstraction of the second ethoxy 

groupp then generated the desired N-acyliminium ion 28, which was trapped by the 

nucleophilee to give the 2-substituted pyrrolidines 29a and 29b. When allytrimethylsilane and 

thee trimethylsilyl enol ether of acetophenone were used as the nucleophiles, both products 

weree obtained in excellent yields (Table 2.1) underlining the feasibility of this pathway. 
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2.33 The Linke r  System 

2.3.11 Wang Carbamate Linker 

Ann important item of concern in these studies was the choice of the linker system. On 

thee one hand, it had to be stable to the Lewis acidic reaction conditions required for the 

generationn of the N-acyliminium ion intermediates. On the other hand, it had to enable facile 

cleavagee at any stage of the synthesis. From a previous study in our group it was known that 

thee commercially available Wang resin is not fully stable towards the Lewis acidic reaction 

conditionss required to generate the N-acyliminium ions.15 However, because of its 

commerciall  availability and literature precedent on Wang-derived carbamate linkers, we 

decidedd to use a Wang-resin based carbamate linker for our initial studies. By performing the 

canonicc reactions at 0 °C and for a short time, we hoped to restrict undesired cleavage to a 

minimum.. Hence, carbonylimidazole activated Wang resin 3016 was reacted with 4,4-

diethoxybutylaminee to give the precursor aminoacetal 31 (Scheme 2.4). 

Schemee 2.4 
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Tablee 2.2 Synthesis of 2-substituted pyrrolidines on Wang resin 

entryy nucleophile product R yield 

1 1 

2 2 

^ \ ^ S i M e 3 3 

OSiMe3 3 

^0 0 
33a a 

33b b 

O O 

**0 **0 
56% % 

72% % 

Thiss resin was treated with the nucleophile and BF3OEt2 for 1 hour at 0 °C, followed 

byy standard cleavage with TFA/CH2C12. We were very pleased to find the desired 2-

substitutedd products 33a and 33b (Table 2.2), proving the viability of this approach. Both 

allyltrimethylsilanee (entry 1) and 1-phenyl-l-trimethylsilyloxyethylene (entry 2) could be 

coupledd in reasonable yields. Unfortunately, elongation of the reaction time resulted in a 
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decreasee in yields. As expected, the Wang-resin derived carbamate was not completely stable 

too the Lewis acidic reaction conditions. Addition of TFA to the filtrate of the reaction mixture 

off  the coupling of resin 31 with allyltrimethylsilane and removal of the volatiles resulted in 

thee isolation of an additional amount of product 33a. Therefore, we decided to design a new 

linkerr system that would be compatible with Lewis acidic conditions. 

2.3.22 Ethyl Carbamate Linker 

Initially ,, an ethyl carbamate linker was considered, starting from hydroxyethylated 

polystyrenee 34 (Scheme 2.5). 

Schemee 2.5 
,-~^^ 1) p-nitrophenyl chloroformate,  O ^ \ ^ S i M e3 

\ 0 ^ ^ O HH NMM,CH2Cl2,rt,20h ^ ^ - ^ ^ o ^ N ^ V ^ B F3O E t2 

2)) 4,4-diethoxy-2-phenylbutylamine, J CH,C1, rt 20 h 
DIPEA,, THF, rt, 20 h t u J~ 

34 4 
O O 

THF,, 60°C,20h . \ / \ —/ 

366 37,70% 38,15% 

Thiss resin was activated using p-nitrophenyl chloroformate17 and subsequently 

coupledd to 4,4-diethoxy-2-phenylbutylamine18 to give precursor 35. Reaction with 

allyltrimethylsilanee and BF3OEt2 led to formation of product resin 36. Unfortunately, several 

reagentss effective in solution (i.e. Me3SiI, BnOLi), failed to cleave the carbamate functionality. 

Inn our hands, only LAH-reduction of the carbamate to the N-methyl group gave a 

satisfactoryy result.19 Thus, product 37 was obtained as a single frans-diastereomer in 70% 

yieldd starting from resin 33, together with side product 38, which probably resulted from 

reductionn of unreacted N,0-acetal. An obvious drawback of this linker is that it only 

providess N-methylpyrrolidines. 

2.3.33 Sulfonylethoxycarbonyl (SEC) and Thioethylcarbonyl (TEC) Carbamate Linker s 

Too overcome the limitations of the previous linker systems, a tailor-made linker that 

wouldd be stable to Lewis acids and would allow cleavage under basic conditions using an 

easilyy removable base was synthesised. This linker system was based on the 2-

(methylsulfonyl)ethoxycarbonyll  (Msc) protecting group developed by Tesser and coworkers 

inn the seventies as a cheap and readily available Fmoc-equivalent.20 The Msc-group can be 

cleavedd via P-elimination using a strong base, but is stable to tertiary amine bases such as 

DIPEA,, TEA and NMM.21 The synthesis of this linker system started with the cesium 
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carbonatee mediated coupling of mercaptoethanol to Merrifield chloride resin 39 furnishing 

alcoholl  resin 40 (Scheme 2.Ó).22 

Schemee 2.6 
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Oxidationn of the sulfide using an excess of mCPBA, followed by reaction with p-

nitrophenyll  chloroformate led to the 2-(alkylsulfonyl)ethoxycarbonyl (SEC) mixed carbonate 

resinn 43, a solid phase analogue of the Msc group. Alternatively, direct activation of resin 40 

withh p-nitrophenyl chloroformate led to the 2-(alkylthio)ethoxycarbonyl (TEC) mixed 

carbonatee resin 42.23 It was expected that this linker would have orthogonal stability with 

respectt to linker 43. The yield of both sequences was excellent, as determined by elemental 

analysess of the nitrogen content of the resins.24 Coupling of resin 43 to 4,4-diethoxy-2-

phenylbutylaminee provided acetal resin 44 (Scheme 2.7). 

THF,, rt, 20 h 

^ \ ^ S i M e 3 3 

BF3OEt2 2 

CH2CI2,, 0 °C -> rt, 19 h 

45 5 

*Phh lMNaOMe 

THF// MeOH (2:1), 
r t , l h h 

• J J O O 
n n 

s^ ^ 
III ^ ^ 

o o 
46 6 

"OMe e HN N 
0Ph h 

47,81% % 

Subsequentt treatment under the usual conditions gave the immobilised pyrrolidine 

45.. Finally, cleavage was effected with a 1M solution of NaOMe in a THF/MeOH mixture to 

givee £rans-2-allyl-4-phenylpyrrolidine 47 in an excellent yield of 81% with concomitant loss 
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off  CO2. The residual immobilised vinylsulfone was immediately trapped by the excess of 

NaOMee to give resin 46.25 IR analysis of this resin showed disappearance of the carbamate 

carbonyll  absorption, indicating complete cleavage. 

Thee anticipated orthogonal chemical behaviour of the TEC linker (42) in comparison 

withh the SEC linker (43) under basic conditions prompted us to study its compatibility with 

N-acyliminiumm ion chemistry. A very attractive feature of the TEC linker system is the 

possibilityy to convert it into the SEC linker. After performing the required reaction steps, 

oxidationn of the sulfide to the sulfone wil l generate the SEC linker to enable facile cleavage of 

thee product by NaOMe treatment. In addition, in reactions prior to cleavage, moderately 

acidicc reagents may be used, rendering the TEC linker even more versatile than the SEC 

linkerr (Scheme 2.8). 

BF3OEt2 2 

CH2C12,, 0 °C -> rt, 4 h 

49 9 

TFA/CH2C122 (1:1), rt, 20 h 

1)) mCPBA, CH2C12, 0 °C, 2 h 

HN''  " P h 

47 7 

2)) 1M NaOMe, THF/MeOH (2:1), rt, 1 h 
52% % 

Reactionn of 42 with 4,4-diethoxy-2-phenylbutylamine gave the N-acyliminium ion 

precursorr 48. Following the same procedure as with the SEC linker system, treatment with 

BF3-OEt22 and allyltrimethylsilane afforded resin 49. Cleavage could now be effected via two 

differentt procedures. Treatment with TFA/CH2CI2 (1:1, v/v) directly liberated the amine 47 

inn a yield of 42%. Alternatively, oxidation of resin 49 with 2.2 equivalents of mCPBA in 

CH2CI22 gave the corresponding sulfone resin 45.26 Subsequent cleavage under standard 

conditionss provided amine 47 in a somewhat lower (compared to starting from sulfone resin 

43),, but still good overall yield of 52%. 

2.3.44 Linker  Stability 

Fromm the previous results, it was clear that the SEC and TEC linker systems were 

compatiblee with BF3-OEt2, DIPEA and NMM . To further test the stability of these linker 

systems,, the resins 45 and 49 were subjected to a number of acids and bases in different 

solvents.. After stirring for 24 h at room temperature the filtrate was collected and checked 

(byy TLC) for the presence of products. If present, the product was isolated to determine the 

yield.. The results are summarised in Table 2.3. 

20 0 
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Tablee 2.3 Stability of the SEC and TEC linker. 

yieldd of 47 from 

entry y 

1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 

solvent t 

CH2C12 2 

CH2C12 2 

CH2C12 2 

CH2C12 2 

CH2C12 2 

CH2C12 2 

CH2C12 2 

CH2C12 2 

THF/MeOH H 

reagent t 

SnCl4 4 

TFAA (50%) 
TfOH H 
pTSA A 
DIPEA A 
DMA P P 
piperidine e 
DBU U 

(20%) ) 

NaOMee (0.1M) 

equiv v 

5 5 
--
5 5 
5 5 
5 5 
5 5 
--
5 5 
--

45 5 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
<5 5 
67 7 
71 1 

49 9 

0 0 
42 2 
39 9 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

Inn case of the SEC linker it was found that the moderately strong Lewis acid SnCU 

(entryy 1) and strong protic acids TFA, TfOH and pTSA (entries 2-4) did not effect cleavage of 

thee product. Stirring with DIPEA and the acylation catalyst DMAP (entries 5 and 6) did not 

causee any leaching of the product either. Even prolonged stirring with 20% of piperidine in 

CH2CI22 - conditions that are commonly used for cleavage of the Fmoc-group, operating via a 

similarr P-elimination mechanism - resulted in the formation of only trace amounts of 

productt (entry 7). With a stronger base such as DBU extensive cleavage of the product from 

thee resin occurred (entry 8). Use of a tenfold lower concentration of NaOMe in THF/MeOH 

stilll  resulted in extensive cleavage of the product (entry 9). The stability of the TEC linker 

wass found to be complementary to that of the SEC linker. It was stable to SnCU and pTSA 

(entriess 1 and 4). Cleavage, although quite inefficiently, could be effected with strong protic 

acidss such as TFA and TfOH (entries 2 and 3). As expected, it was found to be completely 

stablee towards treatment with weak and strong bases (entries 5-9). 

2.44 Pyrrolidin e Synthesis 

Withh a suitable linker system in hand we were now ready to synthesise the desired 2-

substitutedd pyrrolidines 18 (Scheme 2.9). 

icleophile e 
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b:: R = Ph 
c:: R = 4-BrC6H4 
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Resinn 43 was functionalised with three aminoacetals to give the N-acyliminium ion 

precursorss 44a-c. Treatment of these precursors with BF3'OEt2 and a nucleophile then 

providedd the product resins 50, which were subjected to the cleavage cocktail to give the 

pyrrolidiness 18. The results are summarised in Table 2.4. 

Tablee 2.4 Synthesis of 2-substituted pyrrolidines from 44a-c. 

entry y substrate e nucleophile e product t yield(%)a a 

44a a 

44b b 

44c c 

44b b 

,SiMe-i i 

SiMe e 

SiMe3 3 

-NH H 

Ph--
-NH H 

33 4-BrC6H4"" 
-NH H 

Ph--

47a a 

47b b 

47c c 

51b b 

98" " 

81 1 

85 5 

76 6 
-NH H 

44a a 

44a a 

44a a 

S> S> 
, ^ " S n B u 3 3 

CI I 

SiMe3 3 

x x 
Ph"T)SiMe3 3 

-NH H 

Ph h 

-NH H O O 

52a a 

53a a 

54a a 

59"' ' 

75" " 

36" " 

key:key: a) Isolated yield over three steps from resin 43; b) Isolated as the HCl-salt; c) Contaminated with ca. 15% of 

thee corresponding allene. 

Reactionn of the aminoacetal resin 44a with allyltrimethylsilane proceeded in nearly 

quantitativee yield (entry 1). The reaction of the more sterically hindered substrates 44b and 

44cc with allyltrimethylsilane also proceeded in high yields (entries 2 and 3). In case of the 

latterr substrate, the aryl bromide group offers a nice handle for further diversification via Pd-

chemistry.. A number of different nucleophiles were then investigated. For example, a 

substitutedd allyl group was introduced using 2-methallyltrimethylsilane in good yield (entry 

4).. A propargyl functionality was introduced in a somewhat lower yield using 

allenyltributyltinn as the nucleophile (entry 5). When 2-(chloromethyl)allyltrimethylsilane 

wass used as the nucleophile, the initial product largely cyclised under the cleavage 

conditionss to the pyrrolizidine derivative 53a together with substitution of the chloride by 

methoxidee (77:23 ratio). As expected, cleavage using a 1M solution of the more hindered base 

KO'Buu in THF, followed by prolonged stirring at room temperature to complete the 

cyclisation,, led to pyrrolizidine 53a in 75% yield. Surprisingly, reaction of 1-phenyl-l-

trimethylsilyloxyethylenee with 44a resulted in a moderate yield of 54a (36%) after cleavage. 
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AA possible explanation might be that the product, a P-amino ketone, decomposes 

underr the basic cleavage conditions via p-elimination.13 Therefore, the ketone functionality 

(55)) was reduced using excess LiBHj before cleavage from the resin (eq. 2.5). 

1)) LiBH^ THF, 0 °C, 4 h 
2)) 1M NaOMe, THF/MeOH (2:1), rt, 1 h; 

thenn 1M HC1 in MeOH. p 

3)) Boc20, DIPEA, DMAP, CH2C12, rt, 2 h" 

67% % 

(2.5) ) 

56a,, b 43:57 mixture 
off  diastereoisomers 

Thee resulting alcohol was cleaved from the resin, and the cleavage cocktail was 

quenchedd with excess HC1 in MeOH to give the HCl-salt of the products and NaCl. The 

productss were extracted with 'PrOH and derivatised with a Boc group to facilitate separation 

andd provide the known alcohols 56a and 56b in good yield.13 The fact that this yield is higher 

thann the yield for direct cleavage of 54a indeed implies that the N-acyliminium ion reaction 

proceedss in a good yield, but that the f3-amino ketone 54a is not stable under the cleavage 

conditions. . 

Duee to overlap of signals in the *H NMR spectrum it was not possible to directly 

assignn the stereochemistry of the 2,4-disubstituted pyrrolidines. To effect splitting of the 

signals,, the amine group of product 47b was derivatised with a strongly electron 

withdrawingg tosyl group to give pyrrolidine 57 in moderate yield (eq 2.6). 

Ph h 

TsCl l 
N N 
H H 

47b b 

pyridine,, rt, 20 h 
-Ts s TT

(( + 
(2.6) ) 

58 8 

Usingg NOE difference measurements, a clear NOE contact between the CH2 of the 

allyll  group and H4 of the pyrrolidine ring was observed, indicating a ris-relationship 

betweenn H4 and the allyl function. Additionally, no NOE-enhancement between H2 and H4 

off  the pyrrolidine ring was observed. Therefore, the product was assigned to be the trans-

stereoisomer.. This stereochemistry can be explained by invoking the intermediate N-

acyliminiumm ion 58. Analogous with the addition of allyltrimethylsilane to the 

correspondingg 3-methyl substituted oxycarbenium ion,27 the nucleophile attacks from 

'inside'' the envelope to generate the product with the lowest energy conformation. The 

phenyll  group adopts a pseudo-equatorial position, to minimise steric interactions. This then 

leadss to formation of the fra«s-diastereoisomer. 
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2.55 Conclusions 

TwoTwo tailor-made carbamate linker systems suitable for N-acyliminium ion chemistry 
weree synthesised. The SEC linker 43 appeared completely acid stable and moderately base 
stable.. The TEC linker 42 was found to have complementary stability and could also be 
convertedd into the SEC linker after oxidative activation using mCPBA, allowing an even 
widerr synthetic scope. Coupling of several amino acetals with the SEC linker provided 
intermediatess that were used for the synthesis of a number of 2-substituted pyrrolidines in a 
one-pott cyclisation/addition reaction in moderate to high yields. Allylsilanes were found to 
bee the best nucleophiles for this type of reactions. 
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2.77 Experimental Section 

Generall  Information . All reactions were carried out under an inert atmosphere of 
dryy nitrogen, unless stated otherwise. Standard syringe techniques were applied for transfer 
off  air sensitive reagents and dry solvents. R/ values were obtained by using thin layer 
chromatographyy (TLC) on silica gel-coated plastic sheets (Merck silica gel 60 F245) with the 
aforementionedd solvent (mixture) unless noted otherwise. Chromatographic purification 
referss to flash chromatography28 using the indicated solvent (mixture) and ACROS silica gel 
(particlee size 35-70 |im). Infrared spectra (IR) were recorded using a Bruker IFS 28 
spectrophotometerr and wavelengths (v) are reported in cnr1. Infrared spectra of resins were 
measuredd in KBr using a DRIFT module. 1H and 13C Nuclear magnetic resonance (NMR) 
spectraa were obtained using a Bruker ARX 400 (400 MHz and 100 MHz, respectively) unless 
indicatedd otherwise. Spectra are reported in units of ppm on the 8 scale. HRMS 
measurementss were performed on a JEOL JMS SX/SX102A four-sector mass spectrometer, 
coupledd to a JEOL MS-MP7000 data system. Elemental analyses were performed by Dornis 
u.. Kolbe Mikroanalyrisches Laboratorium, Mtilheim a. d. Ruhr, Germany. The solid phase 
reactionss were either gently stirred using a magnetic stirring bar or agitated by rotation of 
thee reaction vessel under an angle of 45° at a rotary evaporator engine. The resins were 
usuallyy washed according to the following sequence: CH2CI2, MeOH, CH2CI2, MeOH, 
CH2CI2,, EtzO, CH2CI2, Et20 and CH2CI2, unless indicated otherwise. The resin was allowed to 
swell// shrink for 1 minute before each filtration. Drying of resins refers to drying in a 
vacuumm oven at 50 °C. Melting points are uncorrected. Dry THF and Et2Ü were distilled 
fromm sodium benzophenone ketyl prior to use. Dry CH2CI2, MeCN, DMF and 1,2-
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dichloroethanee were distilled from CaH2 and stored over MS 4A under a dry nitrogen 

atmosphere.. Triethylamine and diisopropylethylamine were dried and distilled from KOH 

pellets.. Reagents were purchased at highest commercial quality and used without further 

purificationn unless stated otherwise. Fluka Merrifield resin (200-400 mesh, 1% DVB, 1.7 

mmoll  Cl/g) was used. 

;—ii  OE (4,4-Diethoxybutyl)carbamic acid benzyl ester  (25). To a solution of 4,4-

NHH OEt diethoxybutylamine (0.5 mL, 2.9 mmol) in dry CH2Q2 (5 mL), were added DIPEA 
Cbzz (0.56 mL, 3.2 mmol) and benzyl cyanoformate (0.41 mL, 2.9 mmol) and the mixture 

wass stirred at room temperature for 5 h. Then the reaction mixture was poured out in 

aqueouss saturated NaHCC>3 (10 mL) and extracted with CH2CI2 (2 x 10 mL). The combined 

CH2CI22 layers were washed with brine, dried with MgS04 and concentrated to afford 25 (770 

mg,, 90%) as a clear oil after purification by chromatography (pentane/Et20, 2:3). Rf = 0.42. 

iHH NMR (400 MHz, CDC13): 5 = 7.38-7.29 (m, 5H), 5.09 (s, 2H), 4.88 (br. s, 1H), 4.48 (t, ƒ = 5.2 

Hz,, IH), 3.67-3.60 (m, 2H), 3.52-3.44 (m, 2H), 3.24-3.20 (m, 2H), 1.67-1.55 (m, 4H), 1.19 (t, ƒ = 

6.00 Hz, 6H). "C NMR (100 MHz, CDCI3): 8 = 156.4,136.7,128.5,128.0,127.9,102.6, 66.5, 61.3, 

40.8,, 30.9, 25.1,10.4. IR (film): 3348,1710. 

// \ 2-Allylpyrrolidine-l-carboxyli c acid benzyl ester  (29a). To a solution of 25 (59 

NN ^ mg, 0.2 mmol) in dry CH2CI2 (5 mL) at 0 CC, were added allyltrimethylsilane 

(0.322 mL, 2 mmol) and BF3OEt2 (0.08 mL, 0.6 mmol). After stirring for 1 h at 0 °C 

thee mixture was allowed to warm to room temperature and stirred overnight. Then the 

reactionn mixture was poured out in aqueous saturated NaHCCb (10 mL), the layers were 

separatedd and the water layer was extracted with CH2CI2 (5 mL). The combined CH2CI2 

layerss were washed with brine, dried with MgSQj and concentrated to afford 29a (45 mg, 

92%)) as a clear oil after purification by chromatography (PE/EtOAc, 2:1). Rf = 0.40. JH NMR 

(4000 MHz, CDCI3): 5 = 7.35-7.28 (m, 5H), 5.78-5.72 (m, IH), 5.13-5.03 (m, 2H), 3.94-3.90 (m, 

IH) ,, 3.47-3.39 (m, 2H), 2.59-2.38 (m, IH), 2.18-2.12 (m, IH), 1.93-1.71 (m, 4H). The iH NMR 

spectrall  data are identical to literature.29 

2-(2-Oxo-2-phenylethyl)pyrrolidine-l-carboxylicc acid benzyl ester  (29b). To 

11 a solution of 25 (59 mg, 0.2 mmol) in dry CH2CI2 (5 mL) at 0 °C, were added 

1-phenyy 1-1 -trimethylsilyloxyethylene (0.41 mL, 2 mmol) and BF3-OEt2 (0.08 

mL,, 0.6 mmol). After stirring for 1 h at 0 °C the mixture was allowed to warm to room 

temperaturee and stirred overnight. Then the reaction mixture was poured out in aqueous 

saturatedd NaHCC>3 (10 mL), the layers were separated and the water layer was extracted 

withh CH2CI2 (5 mL). The combined CH2CI2 layers were washed with brine, dried with 

MgS044 and concentrated to afford 29b (56 mg, 87%) as a clear oil after purification by 

chromatographyy (pentane/Et20, 2:1). Rf = 0.40. *H NMR (400 MHz, CDCb, mixture of 

rotamers):: 6 = 8.08-7.29 (m, 10H), 5.19-5.14 (m, 2H), 4.42-4.37 (m, IH), 3.90 (dd, ƒ = 2.3,15.4 

Hz,, 0.6H), 3.60-3.44 (m, 2.4H), 2.85 (dd, ƒ = 10.3, 15.5 Hz, IH), 2.18-1.81 (m, 4H). The iH 

NMRR spectral data are identical to literature.13 
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00 Resin 31. To a suspension of activated carbonate resin 30 (5.35 g, 5.56 mmol) 

( ^ ^ O ^ N // i n T H F (50 mL), were added 4,4-diethoxybutylamine (4.85 mL) and DIPEA 

E t o^^ (4.89 mL) and the mixture was agitated for 16 h at 50 °C. The reaction 

BOO mixture was filtrated, washed and dried to afford resin 31. IR: 3417, 3345, 

1716,1704. . 

oo Resin 32a. To a suspension of resin 31 (0.51 g, 0.48 mmol) in dry CH2CI2 (10 

( v ^ ^ o ^^ N ^ mL) at 0 °C, were added allyltrimethylsilane (0.38 mL, 2.4 mmol) and 

 BF3-OEt2 (0.18 mL, 1.44 mmol). After stirring for 1 h the mixture was 

filtrated,, washed and dried to afford resin 32a. IR: 1704. 

Resinn 32b. To a suspension of resin 31 (0.25 g, 0.24 mmol) in dry CH2CI2 (5 

mL)) at 0 °C, were added 1-phenyl-l-trimethylsilyloxyethylene (0.25 mL, 1.2 

mmol)) and BF3-OEt2 (0.09 mL, 0.72 mmol). After stirring for 1 h the mixture 

wass filtrated, washed and dried to afford resin 32b. IR: 1700 (br). 

2-AIlylpyrrolidin ee TFA-salt (33a). Resin 32a (0.20 g, 0.20 mmol) was suspended in 

TFA/CH2CI22 (5 mL, 1:1, v/v) and stirred at room temperature for 4 h. Then the resin 

wass filtrated and washed. The filtrate was evaporated and residual traces of TFA 

weree azeotropically removed with toluene to give 33a (25 mg, 56%) as a yellow oil. 

iHH NMR (400 MHz, CDCI3): 8 = 9.51 (br. s, 1H), 8.56 (br.s, 1H), 5.78-5.66 (m, 1H), 5.27-5.15 

(m,, 2H), 3.73-3.63 (m, IH), 3.50-3.37 (m, 2H), 2.63-2.51 (m, IH), 2.48-2.40 (m, IH), 2.22-1.99 

(m,, 3H), 1.80-1.70 (m, IH). HRMS (FAB) calculated for C7H14N (MH+) 112.1126, found 

112.1112. . 

l-Phenyl-2-pyrrolidin-2-yl-ethanonee TFA salt (33b). Resin 32b (104 mg, 95.7 umol) 

wass suspended in TFA/CH2CI2 (4 mL, 1:1, v/v) and stirred at room temperature for 

=00 4 h. Then the resin was filtrated and washed. The filtrate was evaporated and 

residuall  traces of TFA were azeotropically removed with toluene to give 33a (21 mg, 

72%)) as a yellow oil. iH NMR (400 MHz, CDCI3): 5 = 9.60 (br. s, 2H), 7.86 (d, ƒ = 7.3 Hz, 2H), 

7.544 (t, ƒ = 7.4 Hz, IH), 7.42-7.38 (m, 2H), 4.13^1.05 (m, IH), 3.72 (dd, ƒ = 7.8,18.3 Hz, IH), 

3.41-3.299 (m, 3H), 2.36-2.27 (m, IH), 2.14-1.97 (m, 2H), 1.82-1.72 (m, IH). »C NMR (100 

MHz,, CDCL): 5 = 197.3, 135.8, 133.7,128.7,128.0, 55.4, 45.1, 40.7, 30.7, 23.8. IR (film): 3414, 

1683.. HRMS (FAB) calculated for Ci2H,5NO (MH+) 189.1154, found 189.1147. 

_~~ o Resin 35. To a suspension of resin 34 (5 g, 7.44 mmol) in dry CH2CI2 (50 

^ ^ ^ O - ^ N ^^ r^Ph mL) at 0 °C, were added NMM (1.65 mL, 14.8 mmol) and p-nitrophenyl 

Eto-~// chloroformate. After stirring for 1 h at 0 °C, the mixture was allowed to 
Et00 warm to room temperature and swirled overnight to afford the 

activatedd carbonate resin. To a suspension of this resin (3.44 g, 4.09 mmol) in THF (50 mL), 

weree added DIPEA (2.14 mL, 12.3 mmol) and 4,4-diethoxy-2-phenylbutylamine (2.91 g, 12.3 

mmol)) which resulted in a brightly yellow coloured reaction mixture. After stirring at room 
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temperaturee for 20 h, the mixture was filtrated, washed and dried to afford resin 35. IR: 3428, 

3331,1724. . 

,-%% o Resin 36. To a suspension of resin 35 (0.51 g, 0.55 mmol) in dry CH2Q2 
l ^ x - / ^ oo N V 1 (5 mL), were added allyltrimethylsilane (0.87 mL, 5.5 mmol) and 

BF3-OEt22 (0.21 mL, 1.6 mmol). After stirring at room temperature for 20 

h,, the mixture was filtrated, washed and dried to afford resin 36. IR: 1705. 

Me.. / \ ,Ph fraMS-2-Allyl-l-methyH-phenylpyrrolidine  (37) and l-methyl-3-
phenylpyrrolidin ee (38). To a suspension of resin 36 (454 mg, 513 umol) in dry 

THFF (5 mL), was added a 1M solution of LiAlLL i in THF (2.5 mL, 2.5 mmol) 

andd the reaction mixture was stirred at 60 °C for 20 h. Then H2O (0.1 mL), 2M NaOH (0.2 

mL)) and H2O (0.1 mL) were added slowly and the reaction mixture was filtrated over 

Celite®,, washed with Et20, CH2CI2, Et20, CH2CI2 and Et20. The filtrate was concentrated to 

affordd 37 (72 mg, 70 %) and 38 (12.5 mg, 15%) as oils after purification by chromatography 

(PE/EtOAc/NEt3,, 20:4:1, v /v /v ). 37: R, = 0.30. iH NMR (500 MHz, C6D6): S = 7.18-7.04 (m, 

5H),, 5.87-5.79 (m, IH), 5.07-5.03 (m, 2H), 3.31-3.13 (m, IH) , 3.19 (t, ƒ = 7.4 Hz, IH), 2.34-2.28 

(m,, 2H), 2.20-2.09 (m, 2H), 2.18 (s, 3H), 1.99-1.83 (m, 2H). »C NMR (100 MHz, CDCI3): 5 = 

144.1,, 135.6, 128.3, 127.3, 126.1, 116.5, 65.9, 65.6, 41.8, 40.5, 38.9, 38.6. IR (film): 2778, 1640, 

1453. . 

Me.. /x Ph 38: Rf = 0.15. « NMR (400 MHz, CDCI3): 8 = 7.33-7.16 (m, 5H), 3.44-3.35 (m, 
N\_77 IH), 3.03 (dd, ƒ = 9.0, 9.2 Hz, IH), 2.85-2.79 (m, IH), 2.66-2.61 (m, IH), (dd, ƒ = 

8.2,9.00 Hz, IH), 2.41 (s, 3H), 2.35-2.30 (m, IH), 1.94-1.86 (m, IH). 

QQ Resin 40. A mixture of resin 39 (25.0 g, 42.5 mmol), 2-mercaptoethanol (25.0 

mL,, 359 mmol) and Cs2C03 (27.7 g, 85 mmol) in dry DMF (200 mL) was 

agitatedd for 4 h at 60 °C and then for 20 h at room temperature. The reaction mixture was 

filtrated,, washed with DMF, H2O, DMF, H2O, CH2CI2, MeOH/H20 (1:1, v/v), CH2CI2, 

MeOH/H200 (1:1, v/v), CH2C12, MeOH, CH-Cl;., MeOH, CH2CI2 and dried to afford resin 40. 

IR:: 3397. 

oo Resin 41. To a suspension of resin 40 (10.1 g, 16.1 mmol) in CH2CI2 (200 mL), 
><* \ /S^ /x0HH w a s added in portions mCPBA (85%, 20.3 g, 100 mmol) at 0 °C. When 

additionn was complete the mixture was agitated for 20 h at room 

temperature.. The reaction mixture was filtrated, washed and dried to afford resin 41. IR: 
3442,1280,1107. . 

^^^HO^^^HO22 Re sm 42. To a suspension of resin 40 (1.01 g, 1.61 mmol) in dry 

O ^ s ^ ^ .. X X X CH2CI2 (20 mL) at 0 °C, were added NMM (0.35 mL, 3.32 mmol) 

andd p-nitrophenyl chloroformate (649 mg, 3.32 mmol). The 
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reactionn mixture was allowed to warm to room temperature and agitated for 18 h. Then the 

reactionn mixture was filtrated, washed and dried to afford resin 42. IR: 1767, 1526, 1347. 

Elem.. anal. Found: N 1.75 % (1.25 mmol /g N, 99% from Merrifield resin). 

Resinn 43. To a suspension of resin 41 (10.6 g, 16.0 mmol) in dry 

CH2C122 (200 mL) at 0 °C, were added NMM (4.4 mL, 40 mmol) 
00 and p-nitrophenyl chloroformate (8.06 g, 40.0 mmol). The 

reactionn mixture was allowed to warm to room temperature and agitated for 18 h. Then the 

reactionn mixture was filtrated, washed and dried to afford resin 43. IR: 1765,1524,1346,1320, 

1110.. Elem. anal. Found: N 1.55 % (1.11 mmol /g N, 91% from Merrifield resin). 

Resinn 44a. To a suspension of resin 43 (1.29 g, 1.43 mmol) in dry THF 

(155 mL), were added 4,4-diethoxybutylamine (0.74 mL, 4.29 mmol) and 

DIPEAA (0.75 mL, 4.29 mmol) and the reaction mixture was agitated at 
Et00 room temperature for 20 h. Then the reaction mixture was filtrated, 

washedd and dried to afford light pink resin 44a. IR: 3352,1728,1325,1125. 

/-^^ o o Resin 44b. To a suspension of resin 43 (485 mg, 582 umol) in dry 

^ ^ ^ ^ o ^ N / " V P hh THF (10 mL), were added 4,4-diethoxy-2-phenylbutylamine (414 

a ° yy mg, 1.75 mmol) and DIPEA (0.31 mL, 1.78 mmol) and the reaction 
Et00 mixture was agitated at room temperature for 20 h. Then the 

reactionn mixture was filtrated, washed and dried to afford light pink resin 44b. IR: 3342, 

1724,1324,1118. . 

oo o Resin 44c. To a suspension of resin 43 (2.19 g, 2.43 mmol) in dry 

"N-^Y 4"BrPtll THF (20 mL), were added 2-(4-bromophenyl)-4,4-

diethoxybutylaminee (2.3 g, 7.28 mmol) and DIPEA (1.27 mL, 7.28 

mmol)) and the reaction mixture was agitated at room 

temperaturee for 20 h. Then the reaction mixture was filtrated, washed and dried to afford 

lightt pink resin 44c. IR: 3347,1726,1326,1123. 

^^ o o Resin 45. To a suspension of resin 44 (450 mg, 482 umol) in dry 

^ c h ^ 00 O " ' ^ C H 2 c l 2 (5 m L ) at ° °c' w e r e a d d ed allyltrimethylsilane (0.76 mL, 
^ x ^ —— 4.78 mmol) and BF3OEt2 (0.18 mL, 1.4 mmol). After 1 h the reaction 

mixturee was allowed to warm to room temperature and stirred for 18 h. Then the reaction 

mixturee was filtrated, washed and dried to afford resin 45. IR: 1708,1324,1118. 

/ - - r - v v ^^ 2-Allylpyrrolidin e HCl-salt (47a). To a suspension of resin 44a (265 mg, 286 

V N HH umol) in dry CH2CI2 (5 mL) at 0 °C, were added allyltrimethylsilane (0.46 mL, 

2.888 mmol) and BF3OEt2 (0.11 mL, 0.87 mmol). After 1 h the reaction mixture was allowed to 

warmm to room temperature and stirred for 18 h. Then the reaction mixture was filtrated, 

washedd and dried. To a suspension of this resin (236 mg, 269 umol) in THF (2 mL) was 

28 8 



SolidSolid Phase Synthesis of Pyrrolidines 

addedd a 3M solution of NaOMe in MeOH (1 mL, 3 mmol) and the reaction mixture was 

stirredd for 1 h at room temperature. Then the reaction mixture was filtrated and washed with 

CH2CI2,, MeOH, CH2CI2, MeOH and CH2CI2. The filtrate was partially concentrated, taken up 

inn 1M NaOH (10 mL) and extracted twice with Et20 (10 mL). The combined ether layers were 

extractedd twice with 1M HC1 (10 mL) and the water layer was evaporated to give 47a (39 mg, 

98%)) as a white solid. W NMR (400 MHz, D2O): 5 = 5.97-5.86 (m, 1H), 5.34-5.26 (m, 2H), 

3.76-3.6877 (m, 1H), 3.44-3.31 (m, 2H), 2.65-2.48 (m, 2H), 2.32-2.24 (m, 1H), 2.19-2.03 (m, 2H), 

1.82-1.722 (m, 1H). «C NMR (100 MHz, D2O): 8 = 135.9, 121.8, 62.7, 47.9, 38.5, 32.0, 25.8. IR: 

34211 (br), 1642. HRMS (FAB) calculated for C7H14N (MH+) 112.1126, found 112.1112. 

rrans-2-Allyl-4-phenylpyrrolidin ee (47b). To a suspension of resin 45 (229 mg, 

2188 umol) in THF (2 mL) was added a 3M solution of NaOMe in MeOH (1 

mL,, 3 mmol) and the reaction mixture was stirred for 1 h at room temperature. Then the 

reactionn mixture was filtrated and washed with CH2CI2, MeOH, CH2CI2, MeOH and CH2CI2. 

Thee filtrate was partially concentrated, taken up in 1M NaOH (10 mL) and extracted twice 

withh EtaO (10 mL). The combined ether layers were concentrated and the residue was further 

purifiedd using an SPE-column (Isolute, silica, solvent system: CTkCb/MeOH 1:0 -^ 9:1 -> 

0:1)) to afford 47b (33 mg, 81%) as a clear oil. Rf = 0.14 (CH2Cl2/MeOH, 9:1). W NMR (400 

MHz,, CDCb): 8 = 7.32-7.18 (m, 5H), 5.90-5.79 (m, 1H), 5.14 (dd, J = 1.6, 17.1 Hz, 1H), 5.09 

(dd,, ƒ = 1.6,10.2 Hz, 1H), 3.51-3.44 (m, 2H), 3.38-3.29 (m, 1H), 2.93 (dd, ƒ = 9.1,10.5 Hz, 1H), 

2.922 (br s, 1H), 2.40-2.30 (m, 2H), 2.08-1.93 (m, 2H). «C NMR (100 MHz, CDCI3): 8 = 143.7, 

135.5,, 128.7, 127.4, 126.6, 117.4, 58.7, 54.9, 44.6, 40.6, 39.3. IR (film): 3311, 1406, 914. HRMS 

(FAB)) calculated for d3Hi 8N (MH+) 188.1439, found 188.1439. 

// -—^? fraMS-2-AUyl-4-(4-bromophenyl)pyrrolidin e (47c). To a suspension of 
4-BrC4H66 N H r e s i n 4 5 ( , ^ 6 Q 4 m ^ 5 6 2 ^ m o ^ ^  d r y C H 2 C j 2 ^  m L ^  a t Q O Q w e r e a d d e d 

allyltrimethylsilanee (0.89 mL, 5.6 mmol) and BF3OEt2 (0.21 mL, 1.68 mmol). After 1 h the 

reactionn mixture was allowed to warm to room temperature and stirred for 18 h. Then, the 

reactionn mixture was filtrated, washed and dried. To a suspension of this resin (233 mg, 226 

Hmol)) in THF (2 mL) was added a 3M solution of NaOMe in MeOH (1 mL, 3 mmol) and the 

reactionn mixture was stirred for 1 h at room temperature. Then, the reaction mixture was 

filtratedd and washed with CH2C12, MeOH, CH2C12, MeOH and CH2CI2. The filtrate was 

partiallyy concentrated, taken up in 1M NaOH (10 mL) and extracted twice with Et20 (10 mL). 

Thee combined ether layers were concentrated and the residue was further purified using an 

SPE-columnn (Isolute, silica, solvent system: CH2Cl2/MeOH 1:0 -^ 92:8 -» 0:1) to afford 47c 

(511 mg, 85%) as a clear oil. R, = 0.31 (CH2Cl2/MeOH, 92:8, v/v). *H NMR (400 MHz, CDCI3): 

88 = 7.42 (d, ƒ = 8.4 Hz, 2H), 7.12 (d, ƒ = 8.4 Hz, 2H), 5.87-5.77 (m, 1H), 5.17-5.08 (m, 2H), 4.14 

(brr s, 1H), 3.54-3.48 (m, 2H), 3.38-3.30, (m, 1H), 2.92 (t, ƒ = 9.8 Hz, 1H), 2.45-2.31 (m, 2H), 

2.02-1.988 (m, 2H). «C NMR (100 MHz, CDCb): 8 = 141.8,134.6,131.4,128.7,120.0,117.4, 58.2, 

53.8,, 43.3, 39.6, 38.6. IR (film): 3275. HRMS (FAB) calculated for Ci3Hi7N^Br (MH+) 266.0544, 

foundd 266.0552. 
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00 Resin 48. To a suspension of resin 42 (516 mg, 645 umol) in dry 

w ^ s ^ ^ 0 A N / \ , P hh THF (10 mL), were added 4,4-diethoxy-2-phenylbutylamine (459 

EtcL// m &  1 9 4 mmol) and DIPEA (0.34 mL, 1.95 mmol) and the reaction 

Etoo mixture was agitated at room temperature for 20 h. Then the 

reactionn mixture was filtrated, washed and dried to afford resin 48. IR: 3329,1726. 

00 Resin 49. To a suspension of resin 48 (543 mg, 586 umol) in dry 

Q ^ s ^ / vY ) A N / - y . Phh CH2CI2 (6 mL) at 0 °C, were added allyltrimethylsilane (0.90 mL, 5.9 

mmol)) and BF3OEt2 (0.22 mL, 1.76 mmol). After 1 h the reaction 

mixturee was allowed to warm to room temperature and stirred for 

188 h. Then the reaction mixture was filtrated, washed and dried to afford resin 49. IR: 1713. 

Acidi cc cleavage of resin 49. Resin 49 (110 mg, 130 umol) was suspended in 

TFA/CH2CI22 (3 mL, 1:1, v/v) and stirred at room temperature for 20 h. Then the reaction 

mixturee was filtrated and washed. Concentration of the filtrate followed by SPE column 

chromatographyy gave 47b (10.2 mg, 42%). 

Activationn and basic cleavage of resin 49. Resin 49 (96 mg, 129 umol) was suspended 

inn CH2CI2 (5 mL) and cooled to 0 °C. Then was added mCPBA (54 mg, 92%, 288 umol) and 

thee reaction mixture was stirred at 0 °C for 2 h, filtrated, washed and dried to provide resin 

45.. This resin (92 mg, 105 umol) was cleaved as usual to give 47b (10.2 mg, 52%). 

rrfl«s-2-(2-Methylallyl)-4-phenylpyrrolidin ee (51b). To a suspension of resin 

44bb (2.15 g, 1.25 mmol) in dry CH2CI2 (20 mL) at 0 °C, were added 2-

methallyltrimethylsilanee (0.93 mL, 94%, 5.0 mmol) and BF3OEt2 (0.48 mL, 3.79 mmol). After 

11 h the reaction mixture was allowed to warm to room temperature and stirred for 18 h. 

Thenn the reaction mixture was filtrated, washed and dried. To a suspension of this resin (135 

mg,, 88 umol) in THF (1 mL) was added a 3M solution of NaOMe in MeOH (0.5 mL, 1.5 

mmol)) and the reaction mixture was stirred for 1 h at room temperature. Then the reaction 

mixturee was filtrated and washed with CH2CI2, MeOH, CH2CI2, MeOH and CH2CI2. The 

filtratee was partially concentrated, taken up in 1M NaOH (5 mL) and extracted twice with 

Et200 (5 mL). The combined ether layers were concentrated and the residue was further 

purifiedd using an SPE-column (Isolute, silica, solvent system: CH2Cl2/MeOH 1:0 —> 9:1 -» 

0:1)) to afford 51b (13.5 mg, 76%) as a clear oil. Rf = 0.17 (CH2Cl2/MeOH, 9:1). *H NMR (400 

MHz,, CDCI3): 6 = 7.32-7.18 (m, 5H). 4.80 (d, ƒ = 8.0 Hz, 2H), 3.58-3.45 (m, 2H), 3.37-3.30 (m, 

1H),, 2.93-2.88 (m, 1H), 2.52 (br s, 1H), 2.31-2.21 (m, 2H), 2.08-2.03 (m, 1H), 2.01-1.89 (m, 1H), 

1.788 (s, 3H). »C NMR (100 MHz, CDCb): 5 = 143.9,143.3,128.5,127.2,126.2,112.2, 56.9, 54.8, 

45.0,, 44.4, 39.7, 22.5. IR (film): 3355. HRMS (FAB) calculated for G4H20N (MH+) 202.1596, 

foundd 202.1585. 
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2-Prop-2-ynylpyrrolidin ee HCl-salt (52a). To a suspension of resin 44a (197 mg, 

2133 umol) in dry CH2C12 (5 mL) at 0 °C, were added tributylpropa-1,2-

dienylstannanee (0.62 mL, 2.13 mmol) and BF3-OEt2 (81 uL, 0.64 mmol). After 1 h the reaction 

mixturee was allowed to warm to room temperature and stirred for 18 h. Then the reaction 

mixturee was filtrated, washed and dried. To a suspension of this resin (173 mg, 197 umol) in 

THFF (2 mL) a was added 3M solution of NaOMe in MeOH (1 mL, 3 mmol) and the reaction 

mixturee was stirred for 1 h at room temperature. Then the reaction mixture was filtrated and 

washedd with CH2C12, MeOH, CH2CI2, MeOH and CH2C12. The filtrate was partially 

concentrated,, taken up in 1M NaOH (10 mL) and extracted twice with Et20 (10 mL). The 

combinedd ether layers were extracted twice with 1M HC1 (10 mL) and the water layer was 

evaporatedd to give 52a (17 mg, 59%) as a white solid. W NMR (400 MHz, D2O): 6 = 3.87-3.80 

(m,, 1H), 3.45-3.37 (m, 2H), 2.84-2.78 (m, 1H), 2.72-2.65 (m, 1H), 2.59-2.56 (m, 1H), 2.34-2.25 

(m,, 1H), 2.19-2.03 (m, 2H), 1.92-1.83 (m, 1H). «C NMR (100 MHz, D20): S = 80.9, 74.6, 60.7, 

47.6,, 30.9, 25.2, 23.0. HRMS (FAB) calculated for C7Hi2N (MH+) 110.0970, found 110.0970. 

GO O 2-Methylenehexahydropyrrolizinee HCl-salt (53a). To a suspension of resin 44a 

(4111 mg, 444 umol) in dry CH2C12 (5 mL) at 0 °C, were added (2-

chloromethylallyl)trimethylsilanee (0.80 mL, 4.44 mmol) and BF3OEt2 (169 uL, 1.33 mmol). 

Afterr 1 h the reaction mixture was allowed to warm to room temperature and stirred for 18 

h.. Then the reaction mixture was filtrated, washed and dried. A suspension of this resin (192 

mg,, 207 umol) in 1M KO'Bu in THF (5 mL) was stirred for 2 d at room temperature. Then the 

reactionn mixture was filtrated and washed with CH2CI2, MeOH, CH2CI2, MeOH and CH2C12. 

Thee filtrate was partially concentrated, taken up in 1M NaOH (10 mL) and extracted twice 

withh Et20 (10 mL). The combined ether layers were extracted twice with 1M HC1 (10 mL) 

andd the water layer was evaporated to give 53a (24.8 mg, 75%) as a white solid. 2H NMR (400 

MHz,, D20): Ö = 5.29-5.27 (m, 2H), 4.42-4.35 (m, 1H), 4.23 (d, ƒ = 14.8 Hz, 1H), 3.83 (d, ƒ = 14.8 

Hz,, 1H), 3.78-3.68 (m, 1H), 3.23-3.16 (m, 1H), 3.02-2.96 (m, 1H), 2.62-2.57 (m, 1H), 2.39-2.30 

(m,, 1H), 2.27-2.18 (m, 1H), 2.10-2.03 (m, 1H), 1.94-1.83 (m, 1H). HRMS (FAB) calculated for 

CsHuNN (MH+) 124.1126, found 124.1122. 

^^.--^.Phh l-Phenyl-2-pyrrolidin-2-ylethanone HC1 salt (54a). To a suspension of resin 

V N HH J, 44a (212 mg, 229 umol) in dry CH2CI2 (5 mL) at 0 °C, were added 1-phenyl-l-

trimethylsilyloxyethylenee (0.47 mL, 2.29 mmol) and BF3OEt2 (87 uL, 0.69 mmol). After 1 h 

thee reaction mixture was allowed to warm to room temperature and stirred for 18 h. Then 

thee reaction mixture was filtrated, washed and dried. To a suspension of this resin (210 mg, 

2211 umol) in THF (2 mL) was added a 3M solution of NaOMe in MeOH (1 mL, 3 mmol) and 

thee reaction mixture was stirred for 1 h at room temperature. Then the reaction mixture was 

filtratedd and washed with CH2C12, MeOH, CH2CI2, MeOH and CH2CI2. The filtrate was 

partiallyy concentrated, taken up in 1M NaOH (10 mL) and extracted twice with Et20 (10 mL). 

Thee combined ether layers were extracted twice with 1M HC1 (10 mL) and the water layer 

wass evaporated to give 54a (18 mg, 36%) as a white solid. aH NMR (400 MHz, D20): 8 = 8.06 

(d,, ƒ = 8.1 Hz, 2H), 7.79-7.75 (m, 1H), 7.65-7.61 (m, 2H), 4.15^.10 (m, 1H), 3.84 (dd, ƒ = 3.7, 

31 1 



ChapterChapter 2 

18.99 Hz, 1H), 3.61 (dd, ƒ = 9.8,19.0 Hz, 1H), 2.41-2.32 (m, 1H), 2.19-2.04 (m, 2H), 1.91-1.85 (m, 

1H).. «C NMR (100 MHz, D20): S = 203.8 136.5,130.9,130.2, 58.8,48.4,43.4, 32.6, 26.0. HRMS 

(FAB)) calculated for Ci2Hi6NO (MH+) 190.1232, found 190.1227. 

l~\l~\ 9H 2-(2-Hydroxy-2-phenylethyl)pyrrolidine-l-carboxyli c acid 'buty l ester  (56). 

y ' ^ ' l f ^^ To a suspension of resin 55 (276 mg, 290 umol) in dry THF (3 mL) at 0 °C, 

^^ was added LiBHi (2M in THF, 1.5 mL, 3.0 mmol). After 4 h AcOH (1 mL) 

wass added slowly, the reaction mixture was filtrated, washed with CH2CI2, THF/AcOH (9:1, 

v /v) ,, CH2CI2, THF/AcOH (9:1, v/v), MeOH, CH2CI2, MeOH, CH2C12 and dried. To a 

suspensionn of this resin (256 mg, 269 umol) in THF (2 mL) was added a 3M solution of 

NaOMee in MeOH (1 mL, 3 mmol) and the reaction mixture was stirred for 1 h at room 

temperature.. Then the reaction mixture was filtrated and washed with CH2CI2, MeOH, 

CH2CI2,, MeOH and CH2C12. A solution of 1M HC1 in MeOH (5 mL) was added to the filtrate 

andd the solvents were evaporated. The residue was extracted with 'PrOH (2 mL), filtrated 

andd concentrated to afford the products as the HC1 salts. To a solution of the products in dry 

CH2CI22 (5 mL), were added DIPEA (0.06 mL, 0.34 mmol), DMAP (cat.) and Boc20 (70 mg, 

0.322 mmol) and the mixture was stirred for 2 h at room temperature. Then the reaction 

mixturee was poured out in water (10 mL), the layers were separated and the water layer was 

extractedd with CH2CI2 (5 mL). The combined CH2CI2 layers were washed with brine, dried 

withh MgS04 and concentrated to afford 56a (23 mg, 29%, Rf = 0.25) and 56b (30 mg, 38%, R{ = 

0.15)) as clear oils after purification by chromatography (PE/EtOAc, 1:5). 

ph-,, 2-AHyl-4-phenyl-l-(toluene-4-sulfonyl)pyrrolidine (57). To a solution of 47b 

(.. > ^ - ^ (35 mg, 0.19 mmol) in pyridine (2 mL), was added p-toluenesulfonylchloride 

Iss (72 mg, 0.38 mmol) and the mixture was stirred for 20 h. The reaction mixture 

wass concentrated and the residue was taken up in CH2CI2 (10 mL) and extracted with 

saturatedd aqueous NaHCOs (10 mL), aqueous saturated CuSÜ4 (10 mL), brine (10 mL) dried 

withh Na2SÜ4 and concentrated to afford 57 (35 mg, 54%) after purification by 

chromatographyy (PE/EtOAc, 7:1). Rf = 0.18. W NMR (400 MHz, CDC13): 5 = 7.76 (d, ƒ = 8.2 

Hz,, 2 H), 7.03-6.98 (m, 3H), 6.79 (d, J = 8.2 Hz, 2 H), 6.73-6.71 (m, 2H), 5.82-5.72 (m, 1H), 

5.07-5.000 (m, 2H), 3.87-3.82 (m, 1H), 3.81-3.77 (m, 1H), 3.16-3.08 (m, 1H), 3.02 -2.97 (m, 1H), 

2.83-2.777 (m, 1H). 2.41-2.33 (m, 1H), 1.89 (s, 3H), 1.69 (dd, ƒ = 6.3,12.5 Hz, 1H), 1.45-1.36 (m, 

1H).. »C NMR (100MHz, CDCI3): 8 = 145.4,143.5,139.9,134.6,129.7,128.6,127.7,127.0,126.9, 

59.7,, 55.2, 41.6, 41.1, 36.4, 21.5. IR (film): 1639, 1342, 1160. HRMS (FAB) calculated for 

C20H24NO2SS (MH+) 342.1528, found 342.1519. 
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