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CHAPTE RR 4 

LIBRARYY SYNTHESIS 

4.11 Introductio n 

Inn the last few years several commercial drugs have appeared that contain a 1,4-

disubstitutedd piperidine moiety as a key structural element (Chart 4.1). 

Chartt  4.1 
MeO O 

MeO O 

1,, Donezepil 

MeHNQ2S S nn
N N 
H H 

2,, Naratriptan 

3,, Risperidone 

Donezepil,, an acetylcholine inhibitor, is a drug for the treatment of Alzheimer's 

disease.11 Naratriptan, has shown promise in the treatment of migraine headaches.2 

Risperidonee and Sertindole are being used for the treatment of schizophrenia.3 In contrast, 

thee use of 2,4-disubstituted piperidines in drugs has not been often reported, which is 

possiblyy due to the fact that they are not so readily accessible as the 1,4-disubstituted 

analogues.. The difficulty to control the stereochemistry of these compounds could also play 

aa role. Among the numerous examples that exist in the literature, Watson et al. recently 

publishedd an elegant synthesis of 2,4-disubstituted piperidines (eq. 4.1) .4 

OMe e 

44 steps 

O O 

RR = ally], 2-Pr, Bn 
R11 = Ar, CH2OH 

NBoc c 

1)) Wittig 
2)TFA A 
3)) Li, NH3 

1)) Wittig 
2)) Li, NH3 

3)TFA A 

NH H 

XX XX 
(4.1) ) 
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Thee starting material, 4-methoxypyridine (5), was readily converted into synthon 6 

usingg chemistry developed by Comins.5 The R-substituent at the 2-position was introduced 

viavia a Grignard reaction, while the Regroup was introduced via a Wittig reaction. Then, 

deprotectionn of the nitrogen followed by dissolving metal reduction provided the ris-2,4-

disubstitutedd piperidine derivatives 7 in high diastereoselectivity (-1:30). Alternatively, 

reversall  of the order of reactions, i.e. dissolving metal reduction followed by deprotection 

providedd the frans-diastereoisomer (-1:10). Both types of products most probably wil l be 

appliedd as novel piperidine scaffolds. 

Withh a suitable linker system and a well determined synthetic scope at hand, as 

describedd in Chapters two and three, the stage was set to synthesise libraries of 2,4-

disubstitutedd pyrrolidines and piperidines. It was found that the supported N-acyliminium 

ionn reaction allows allylsilanes to be introduced in high yields, providing 2-allylated 

pyrrolidiness and piperidines. Thus, we decided to use the 2-allylated 4-phenyl substituted 

pyrrolidiness and piperidines as scaffolds for further diversification via reactions in which an 

additionall  amine function is introduced. The general strategy is depicted below (scheme 4.1). 

Schemee 4.1 
Ph. . 
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Ozonolysiss of the 2-allyl or 2-methallyl substituted heterocycles 9, which is well 

precedentedd in literature,6 should lead to the corresponding aldehydes and ketones 10, 

respectively.. Subsequent reductive amination with primary amines wil l give the secondary 

aminess 11, that wil l be reacted with suitable electrophiles to introduce the R2-substituent. The 

targett compounds 13 are expected to arise from base mediated cleavage of the immobilised 

productss 12, thereby releasing the amine functionality, which may be even subjected to 

furtherr reactions in parallel solution phase synthesis. In addition to the depicted variations, 

combinatoriall  pathways lie in the introduction of allyl groups with other substituents (via 

reactionss with alternative allylsilanes) or in the introduction of other groups than the phenyl 

groupp at the 4-position. 
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4.22 A Reductive Animatio n Approach Towards Tertiar y Amines 

Reductivee aminations on solid support are well precedented.7 Usually NaHB(OAc)3 is 

usedd as the reducing agent.8 For instance Hruby et al. used a reductive amination to load 

primaryy amines onto an aldehyde resin (eq. 4.2) .^ 

<y
OH H 

H H 
C C 

OH H 

' N ^ N H B zz (4-2) 
O O 

^ - N Y ^ N H B z z 
144 15 O 16,97% 

key:key: a) EÜMH2, NaHB(OAc)3/ DMF/TMOF; b) Bz-Gly-OH, HBTU, HOBt, DIPEA, DMF; c) 20% Piperidine in DMF; 

d)95%TFAinH20. . 

Polystyrenee resin was functionalised with a 4-alkoxy-2-hydroxybenzaldehyde linker 

too provide the resin bound aldehyde 14. A reductive amination with ethylamine led to 

introductionn of the nitrogen function. Subsequent acylation with N-benzoyl protected 

glycinee followed by piperidine treatment to remove the O-acyl group gave the immobilised 

productt 15. Finally, acidic cleavage with TFA afforded the desired amide 16 in excellent 

yield. . 

Alternatively,, Purandare et al.7e started with the amine functionality already on the 

commerciallyy available Knorr resin (Scheme 4.2). 

Schemee 4.2 

^NH, , 
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J J 
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21,, 30-73% 
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key:key: a) RiCHO, NaHB(OAc)3, DMF, AcOH; b) R2C(0)CH2C1, DIPEA, DMF/acetone; c) NaBH,, THF/EtOH; d) 

TFA/CH2CI2. . 

Reductivee amination of four benzaldehydes with amine 17 provided the secondary 

aminess 18, which upon alkylation with three 2-chloroacetophenones were converted into 

resinss 19. Subsequent reduction of the ketone and TFA-mediated cleavage furnished 

productss 21 in moderate yields and high purity (>90%). 
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Ourr sequence commenced with ozonolysis of the allyl functionality of pyrrolidine 22 
att low temperature, followed by quenching with excess triphenylphosphine to provide the 

desiredd aldehyde 23 required for the reductive amination (Scheme 4.3). In order to verify the 

viabilityy of our approach, we started with the reductive amination of secondary amines onto 

resinn bound aldehyde 23. Although this led to tertiary amines, which were not amenable to 

furtherr diversification, it provided us with an opportunity to determine the optimal reaction 

conditionss for our system. 

Schemee 4.3 
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22 2 
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Thee best amination results were obtained by suspending the aldehyde in 1,2-

dichloroethane,99 followed by addition of the secondary amine, acetic acid and NaHB(OAc)3 

(alll  10 equiv) and agitation of the reaction mixture for 24 h at room temperature. The 

completee conversion was indicated by disappearance of the characteristic aldehyde 

absorptionn (2732 cm-1) in the IR spectrum after the reaction. The final products were cleaved 

fromm the resin using NaOMe, quenched with excess HC1 in MeOH, followed by evaporation 

off  the solvents and extraction of the residual solids with isopropanol, to provide the tertiary 

aminess 25a-c as their HCl-salts. Reductive amination with the secondary amines piperidine 

andd dibutylamine provided products 25a and 25b in excellent yields of 88% and 90%, 

respectively.. Finally, PMB-substituted butylamine amine was also introduced in good yield 

(25c,, 82%). HPLC-MS analysis of these products showed a very high purity (>99%) in all 

cases.. Additionally, no residual signals of the allyl functionality were detected in the 'H 

NMRR spectra of the products, indicating that the ozonolysis had proceeded in a quantitative 

manner. . 
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4.33 Reductive Aminatio n Approaches Towards Secondary Amines 

4.3.11 Debenzylation of Tertiar y Amines 

Ann elegant way to synthesise secondary amines, is by CN-bond cleavage of tertiary 

amines.100 Such a reaction can be carried out using cyanogen bromide, which is also known as 

thee Von Braun reaction.11 A more common strategy proceeds via activation of the amine with 

aa chloroformate, followed by chloride induced debenzylation. The most effective 

chloroformatee for this purpose is a-chloroethyl chloroformate (ACE-C1).12 An application of 

thiss protocol was recently reported by Leysen et al. who used this method for the liberation 

off  several secondary amines from a Merrifield resin (eq 4.3) .13 

»1 1 
Cll  O 

„11 ACE-C1 T ÏÏ  R1 

,, 1,2-dichloropropane, u f MeOH, 50 °C, 3 h n i , ,. - v 
R 22

 rt,3h R2 R2 (4 3) 
266 27 28,70-96% 

Thee resin bound tertiary amines 26 were treated with ACE-C1 to selectively cleave the 

Merrifieldd benzyl group from the amine. The released a-chloroethyl carbamates 27 could be 

convenientlyy converted into the HCl-salt of the secondary amines 28 in good yields (70-96%) 

andd purities (81-95%) by heating in MeOH. 

Sincee it is well known that p-methoxybenzyl (PMB) groups can be selectively 

removedd in the presence of other, unactivated, alkyl groups on nitrogen, we decided to 

removee this group from the tertiary amine product 24c (Scheme 4.3). Overall, this would 

resultt in the net introduction of a primary amine starting from the aldehyde 23. 

Schemee 4.4 

Ph.. ur... P M B Ph. 
~N'' A m y i '3—v N " ' /—\ " " N H 

"Biu..,PMBB r r \ "Biukl,ACE P \ "B iu+Tl C1 

/—\\ ,N ACE-C1 /—\ J ^ /—\ J 
\ \ ^  ̂ 1,2-dichloroethane, N ^ ^ ^ ^ THF/MeOH (2:1), N ^ ^ ^ ^ 

è 50°C,24hh f 60°C,24h Ï 

24cc 29 30 

1)) 1MNaOMe,THF/MeOH Ph. nB(J + \lti~ Ph, n Bu H p M B J 2 a" 
(2:1),, r t , l h / \ ^NH2 /—I ^N+ 

2)) 1M HC1 in MeOH N ^ * ^ N 
3)) 'PrOH H2 H2 

311 25c 7:3,87% 

Thus,, resin 24c was treated with ACE-C1 to provide the corresponding carbamate 29 

(Schemee 4.4), which was converted into the secondary amine 30 by heating in THF/MeOH 

61 1 
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(2:1,, v /v). Cleavage from the resin using standard conditions provided the products in good 

yields.. Analysis of the crude product 31 by JH NMR and HPLC-MS confirmed that 

deprotectionn had indeed occurred to a large extent, but unfortunately, part of the PMB 

protectedd material (25c) was still present. Further elevation of the temperature or increasing 

thee amount of ACE-C1 did not improve these results. Double ACE-C1 treatment improved 

thee ratios somewhat, but as complete conversion could not be reached, this route was 

abandoned. . 

4.3.22 Reductive Animations with Primary Amines 

Withh an optimised procedure for the reductive amination with secondary amines in 

handd (vide supra), we decided to apply these conditions to the reductive amination with 

primaryy amines (Scheme 4.5). 

Schemee 4.5 

// \ 03, CH2C12, -78 °C, 30 min.; 

thenn PPh,, -78 °C -> rt, 20 h 

32 2 

w w 
34 4 

BrKK 1) 1M NaOMe, THF/MeOH 
(2:l),rt, lh h 

2)) 1M HC1 in MeOH 
3)) 'PrOH 

O O 

33 3 

BnNH2 2 

AcOH H 
NaHB(OAc)3 3 

1,2-dichIoroethane,, rt, 24 h 

Bn.++ 2 CI 

35 5 36 6 

N N 
Bn''  H 

Z~]3C1 1 

N N 
H2 2 

4:1,, 66% 

Ass a model system for optimisation of the reaction conditions, immobilised 2-

allylpyrrolidinee 32 was ozonised to provide aldehyde 33. Reductive amination with 

benzylaminee provided the secondary amine 34, which was cleaved to give the desired 

productt 35. Analysis of the *H NMR spectrum showed two signals for the methylene protons 

off  the benzylamine moiety in a 4:1 ratio. Further analysis of the product by HPLC-MS 

confirmedd that two products were present. The major product had a mass of 205 (MH+) 

correspondingg to the desired product 35, while the minor product had a mass of 302 (MH+) 

correspondingg to dimer 36. 

Ann explanation for the formation of side product 36 is shown in Scheme 4.6 (vide 

infra).infra). Due to the presence of a tenfold excess of amine, aldehyde 33 is initially converted into 

aminall  37. Protic acid induced elimination of benzylamine generates the reactive 

intermediatee imine 38, that is reduced to the desired secondary amine 35. However, as the 

reactionn proceeds and the amount of secondary amine product increases, a side reaction can 

occur. . 
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B n ^ N H V V 
37 7 

N-Bn n 

38 8 

36 6 41 1 

39 9 

VSn n 
-J -J 

40 0 

Besidee reduction at this point, attack of a proximal secondary amine may compete to 

formm the cyclic structure 39. This intermediate can either revert to 38, but also eliminate 

benzylaminee to form the cyclic iminium ion intermediate 40. Reduction wil l now give the 

immobilisedd dimer 41, which after cleavage results in product 36. Clearly, this result again 

proofss that the so-called 'site-isolation effect' does not exist on a 1% divinylbenzene 

crosslinkedd polystyrene resin with a high loading.14 A number of reactions was performed 

withh the aim to minimise the formation of this dimer (Table 4.1). 

Tablee 4.1 Optimisation of the reductive amination of 33 with BnNH2 

entry y 

1 1 

2 2 

3 3 

4 4 

5 5 

BnNH22 (equiv) 

1 1 

1 1 

10 0 

50 0 

50 0 

AcOHH (equiv) 

0 0 

1.5 5 

15 5 

75 5 

75 5 

NaHB(OAc)3 3 

2 2 

2 2 

15 5 

15 5 

15 5 

(equiv) ) ratioo 35:36" 

55:45 5 

63:37 7 

81:19 9 

92:8 8 

94:6f' ' 

key:key: a) Ratio determined by 'H NMR; b) Resin loading 0.59 mmol/g. 

Ass can be seen from Table 4.1, addition of only one equivalent of benzylamine and a 

slightt excess of the reducing agent led to the formation of an almost 1:1 mixture of 35 and 36 

(entryy 1). Addition of acetic acid to protonate the imine and accelerate the reduction led to a 

somewhatt better ratio of 63:37 in favour of the desired product 35 (entry 2). Increasing the 

amountt of benzylamine should shift the equilibrium between 37, 38 and 39 to the left leading 

too more of the desired product 35. This was indeed observed (entries 3 and 4). The best result 

wass obtained by combining these conditions with a resin with a 50% lower loading (entry 5), 

leadingg to an optimised 94:6 ratio. It is also known from the literature that addition of 

triethyll  orthoformate to the reaction mixture diminishes the amount of double alkylation.15 

Inn our hands, however, application of the conditions of entry 3 in combination with triethyl 

orthoformatee gave the same ratio of 35 and 36 with formation of more side products. The use 
63 3 
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off  other reducing agents such as tetrabutylammonium borohydride did not give better 

resultss either. 

Interestingly,, with the use of sterically more demanding primary amines such as 

isopropylamine,, no dimer formation was observed (eq 4.4). Application of the optimised 

conditionss on high loaded resin 33 (1.25 mmol/g) led to clean formation of 42 in 64% yield. 

n n 2C1 1 

© © 

1)) 'PrNH2, AcOH, NaHB(OAc)3, 
1,2-dichloroethane,, rt, 24 h 

2)) 1M NaOMe, THF/MeOH ^ + ^ ~ - / ^ M - ' J \ (4 4) 
(2*),r t , l hh ^ \\2 \\2 

3)) 1M HC1 in MeOH 
333 4) 'PrOH 42,64% 

© © 

Ass a final test, these conditions were applied to aldehyde 23, which was used as a 
scaffoldd in the library synthesis (eq 4.5). 

Ph.. 1) BnNH2, AcOH, NaHB(OAc)3,
 P \ / h 

99 1,2-dichloroethane, rt, 24 h Ph.  + / \ / \ 
2)) 1M NaOMe, THF/MeOH )—v ~~NH2 N ' ^ I T N (4 5) 

(2:l),rt,lhh ^ L+X^J + H2 L + J H2 

3)) 1M HC1 in MeOH H2 |2 c l Bn^^H | 3 a~ 
4)) 'PrOH 

233 43 44 

Thee reductive amination was carried out under two sets of conditions, after which via 

subsequentt cleavage the product ratio was determined using lH NMR (Table 4.2). 

Tablee 4.2 Reductive amination of 23 with BnNH2 

entryy BnNH2 (equiv) AcOH (equiv) NaHB(OAc)3 (equiv) ratio 43:44° 

1 11 0 2 63:37 
_22 1 L5 2 95:5 

key:key: a) Ratio determined by 'H NMR. 

Thee use of only one equivalent of amine led to a considerable amount of dimer 

formationn (entry 1). As expected, the use of excess of reagents again resulted in a good 

productt ratio (entry 2). Remarkably, the monomendimer ratio is better for this substrate than 

forr the unsubstituted pyrrolidine ring. Apparently, the phenyl group to some extent retards 

thee intermolecular aminal formation. Both products could be easily separated and identified 

usingg HPLC-MS (Figures 4.1 and 4.2). 

64 4 
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Figuree 4.1 HPLC-MS spectrum of the product mixture from entry 1, Table 4.2. 

B B 

MM = 281,43 MM = 454, 44 

Figuree 4.2 HPLC-MS spectrum of the product mixture from entry 2, Table 4.2. 

Figuree 4.1 displays the HPLC spectrum of the product mixture from entry 1. Two 

peakss for the monomer 43 and the dimer 44 with the correct mass can clearly be seen. Using 

thee optimised conditions from entry 2, only a very small amount of dimer was detected 

(Figuree 4.2). 

4.44 Librar y Synthesis 

Havingg determined the optimised conditions for the reductive aminations, an 80-

memberedd library was synthesised using a Flex Chem® synthesis block (eq 4.6).16 

Ph. . 

23:: n = 1, R = H 
45:: n = 2, R = H 
46:: n = 1, R = Me 
47:: n = 2, R = Me 

1)) R ^ H* AcOH, NaHB(OAc)3/ 
1,2-dichloroethane,, rt, 24 h 

». . 
2)) R2X, DIPEA, pyridine 

CH2C12// rt, 24 h 
3)) 0.41M NaOMe, THF/MeOH 

(2:1),, rt, 1 h (2x) 

Ph. . 

/ / 
nil nil 

48 8 
49 9 
50 0 
51 1 

n n 
H H 

n n 
n n 
n n 
n n 

< < 

== 1, 
== 2, 
== 1, 
== 2, 

R R 

> > 

RR = 
RR = 
RR = 
RR = 

~ N ' F F 

R^ ^ 

H H 
H H 
Me e 
Me e 

(4.6) ) 
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Tablee 4.3 Purities and Selected Yields of the Library Products from Aldehydes 23 and 45. 
F F 

Ph. . 

N N 

crr  Ph 
52,100%% (67%) 

Ph h 

1 1 
57,, 86% 

Ph h 

N N 
HH Ts 
62,, 75% (47%) 

Ph h 

PhHN N 
^ O O 

67,, 98% 

Ph h 

N N 

O'O' Ph 
72,, 99% (56%) 

Ph h 

N N 

O ^ O B n n 
77,, 95% 

Ph h 

82,, 86% 

Ph h 

PhHN N 
87,97% % 

ho ho 

N N 

O ^ - P h h 
53,100% % 

Ph. . 

N N 

A, , CTT "OBn 
58,, 93% (47%) 

Ph. . 

63,, 82% 

Ph. . 

N N 
H H 

PhHN N 
68,66% % 

Ph h 

ho ho 

N N 

cAph h 
73,, 99% 

Ph h 

N N 

A, , 
~N N 
H H 

CTT "OBn 
78,100%% (36%) 

Ph h 

83,100% % 

Ph h 

PhHN N 
88,96% % 

ho ho 

Ph h 

N N 
H H 

c rr  "Ph 
54,100% % 

N N 

Ph. . 

NN ^ 

CT^OBn n 
59,, 95% 

Ph. . 

64,, 98% 

Ph. . 

N N 
H H 

PhHN N 
69,, 99% 

Ph h 

ho ho 

N N 

A--
N N 
H H 

c rr ' i ' h 
74,100% % 

Ph h 

NN ^ 

cAoBn n 
79,, 98% 

Ph h 

N'' ^ ~ N ' 
HH fs 
84,100%% (31%) 

Ph h 

PhHN N 
89,100% % 

PhHN N 
91,94% % 
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Tablee 4.4 Purities and Selected Yields of the Library Products from Ketones 46 and 47. 

Ph. . oa a N N 
H H 

92,100%% (63%) 

L L N N 

cAph h 
93,, 98% 94,, x 

O ^ P h h 

Ph. . Ph. . 

oak k 
CTT Ph 

96,, 91% 
OMe e 

Ph. . Ph. . Ph. . 

C WW  (N^ 1»; O-*» N'' " " N 

O ^ O B n n 
97,99% % 

102,, 95% 

Ph. . 

H H 

PhHN N 
107,100% % 

Ph h 

^ O O 

N N 

tf^Ph tf^Ph 
112,100% % 

Ph h 

N N 

O ^ O B n n 
117,, 98% 

Ph h 

122,100% % 

Ph h 

N N 
>=0 0 

PhHN N 
127,100%% (43%) 

O ^ O B n n 
98,, 96% (44%) 

N N 
H H 

103,100% % 

N' ' 
Ts s 

Ph. . 

N N 
H H 

PhHN N 
108,100% % 

Ph h 

yo yo 

N N HH 1 
O ^ P h h 

113,100% % 

Ph h 

N N 

X X 
O ^ O B n n 

118,, 94% 

Ph h 

N'' ^ N' 
HH Ts 
123,, 90% (36%) 

Ph h 

PhHN N 
128,100% % 

^ O O 

H H 

99,, x 

N N 
H H 
104,, x (0%) 

O ^ O B n n 

Ph. . 

PhHN N 
109,, x 

Ph h 

114,, x 

Ph h 

119,, x 

Ph h 

124,, x 

Ph h 

NN "-

O ^ P h h 

NN v 

O ^ O B n n 

PhHN N 
^ O O 

100,, 87% 

105,, 99% 

OOL. . 

Ph h 

"NN " " ^ " N ' 
HH X 

O ^ O B n n 
120,, 94% (42%) 

F F 

129,, x 

HH X 
O ^ O B h h 

101,98% % 
OMe e 

OMe e 

PhHN N 
111,, 100% (16%) 

OMe e 

N N 

O ^ P h h 
116,100%% (37%) 

OMe e 
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Too determine the scope of the procedure, the pyrrolidine-derived aldehyde 23, the 

piperidine-derivedd aldehyde 45 and the corresponding methyl ketones 46 and 47, 

respectively,, which were obtained by ozonolysis of the corresponding allyl precursors, were 

usedd as the scaffold. Each scaffold was reductively aminated with a representative set of five 

aminess (aldehydes, Table 4.3; ketones, Table 4.4): allylamine (unsturated, unhindered), 

butylaminee (saturated, unhindered), isopropylamine (saturated, hindered), 4-

fluorobenzylaminee (benzylic, electron withdrawing) and 4-methoxybenzylamine (benzylic, 

electronn donating) to introduce the R1 group. The resulting secondary amines were further 

reactedd with four elecrrophiles: benzoyl chloride (amide), benzyl chloroformate (carbamate), 

tosyll  chloride (sulfonamide) and phenyl isocyanate (urea) to introduce the R2 group. 

Subsequentt cleavage afforded a 4 x 5 x 4 = 80-membered library. 

Immediatelyy after cleavage, the products were dissolved in DMSO, characterised and 

analysedd for purity using HPLC-MS. Gratifyingly, the two aldehydes led to the desired 

productss in all cases (Table 4.3). The numbers in the table represent the purities of the 

liberatedd compounds (%) as determined by reversed phase HPLC-MS directly after cleavage. 

Thee only side products that could be detected were dimers. The first trend that becomes 

apparentt from this table, is that generally the piperidine products were cleaner than the 

pyrrolidinee products. This effect was especially profound when 4-methoxybenzylamine was 

usedd for the reductive amination. In this case the piperidine products 76, 81, 86 and 91 were 

obtainedd in high purity, in contrast with the pyrrolidine products 56, 61, 66 and 71 where 

extensivee formation of dimers was observed. Gravimetric determination of the yield for 20% 

off  the products resulted in a yield range of 28-67% over six steps starting from the linker 

systemm (Table 4.3, yields between brackets). 

Thee results for the ketones were somewhat different (Table 4.4). As expected, due to 

stericc hindrance created by the methyl group of the ketone, the formation of dimers was not 

observed.. As a result the average purity of the products was higher compared to the 

aldehydee precursors. The yields were somewat lower compared to the aldehydes. 

Inn all cases where the reductive amination was carried out with isopropylamine, no 

productt at all was detected by HPLC-MS. To determine the origin of this failure, the 

reductivee amination of 46 with isopropylamine was re-examined in a single experiment (eq 

4.7). . 

Ph.. 1) 'PrNH2, AcOH, NaHB(OAc)3, ph "1 2 Cl~ 
// \ 9 1,2-dichloroethane, rt, 24 h ''i 1  i 
\ , \ A ,, 2) 1M NaOMe, THF/MeOH ( + . v J k + / L (4.7) 

II  . S3 "a 
( Sii  3) 1M HC1 in MeOH 

4)) 'PrOH 1 3 2' 8 7 %' 4 : 1 m i x t u r e of 

466 diastereoisomers 

Reductivee amination under identical conditions as for the library resulted in clean 

formationn of secondary amine 132 in high yield, proving that this reaction proceeds 

efficiently.. The nitrogen atom that now has been introduced, however, is extremely sterically 
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hinderedd so that failure of the reaction with the electrophile was probably the reason that no 

productt was isolated. Indeed, reaction of resin bound 132 with benzyl chloroformate and 

subsequentt cleavage gave the secondary amine 132 as the sole product. 

4.55 Conclusions 

Inn conclusion, it was shown that immobilised frans-2-allyl-4-phenyl substituted 

pyrrolidiness and piperidines - obtained via N-acyliminium ion chemistry - could be used as 

scaffoldss for combinatorial chemistry. Ozonolysis of the allyl moiety provided aldehydes 

andd ketones, for which an efficient protocol towards reductive amination with secondary 

aminess was developed. It was found that the reductive amination with primary amines had 

too be carried out with a large excess of reagents on a resin with a low loading. In this way, 

formationn of dimers, resulting from intramolecular side reactions on the resin, could be 

suppressed.. Finally, using this methodology, an 80-membered library of differently 

substitutedd pyrrolidines and piperidines was prepared. 
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4.77 Experimental Section 

Generall  Information . HPLC-MS measurements were run on a Perkin-Elmer 200 

seriess liquid chromatography system equipped with a SEDEX 55 evaporative light-scattering 

(ELSD)) detector and a Sciex API 150 EX mass spectrometer. The LC conditions were as 

follows:: a Waters Xterra ms C18 2.5 (im, 3 cm x 0.46 cm column was used, and it was eluted 

att 2 mL/min with a gradient made up of two solvent mixtures. Solvent A consisted of 

water/acetonitrilee (95/5, v/v) and 0.25% formic acid. Solvent B consisted of acetonitrile and 

0.25%% of formic acid. The gradient was run as follows: 100% of solvent A for 0.5 min, 

followedd by ramping to 100% of solvent B at 2.9 min. Compound purities were assigned on 

thee basis of ELSD data. For further general experimental details, see Section 2.7. 

Ph.. Resin 23. Through a suspension of resin 22 (1.33 g, 1.51 mmol) in CH2CI2 (25 

// \*. A mL ) at -78 °C, ozone was bubbled for 30 minutes. During this time the reaction 

è mixturee turned light blue (excess ozone). After bubbling through O2 until the 

bluee colour disappeared, PPri3 (0.79 g, 3.0 mmol) was added and the mixture 

wass allowed to warm to room temperature and swirled for 20 h. Then, the mixture was 

filtrated,, washed and dried to afford resin 23. IR: 2732,1708. 
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phh r ^ j l-[2-(4-Phenylpyrrolidin-2-yl)ethyl]piperidin e di HCl-salt (25a). To a 

'j'j —i—i  N suspension of resin 23 (201 mg, 229 umol) in 1,2-dichloroethane (4 mL) were 

^ N - ^ ^^ added AcOH (0.13 mL, 2.29 mmol), piperidine (0.22 mL, 2.29 mmol) and 

NaBH(OAc)33 (485 mg, 2.29 mmol) and the mixture was stirred at room 

temperaturee for 20 h. Then the reaction mixture was filtrated, washed with CH2CI2, 20% 

AcOHH in DMF, CH2CI2, 20% AcOH in DMF, MeOH, 20% AcOH in DMF, MeOH, CH2CI2, 

MeOH,, CH2CI2, Et20, CH2CI2, Et20, CH2CI2 and dried to afford resin 24a. This resin (143 mg, 

1511 umol) w a s suspended in 1M NaOMe in THF/MeOH (1.5 mL, 2:1, v/v) and stirred gently 

forr 1 h. Then, the resin was filtrated and washed with CH2CI2, MeOH, CH2CI2, and MeOH, 

followedd by the addition of 1M HC1 in MeOH (3 mL) to the filtrate and evaporation of the 

solvent.. The residue was extracted with 'PrOH (2 mL), filtrated and concentrated to afford 

25aa (44 mg, 88%) as a sticky yellow oil. ^H NMR (400 MHz, D2O): 5 = 7.48-7.36 (m, 5H), 4.03-

3.955 (m, 1H), 3.87-3.74 (m, 2H), 3.61-3.58 (m, 2H), 3.43-3.38 (m, 1H), 3.31-3.25 (m, 2H), 3.04-

2.988 (m, 2H), 2.45-2.25 (m, 4H), 2.01-1.97 (m, 2H), 1.87-1.71 (m, 3H), 1.56-1.46 (m, 1H). 13C 

NMRR (100 MHz, D20): 5 = 142.3,131.9,130.4,129.9, 60.0, 56.3, 56.2, 54.0, 44.1, 39.2, 29.5, 25.6, 

23.8.. IR (KBr): 3600-2400, 3408, 1453. HRMS (FAB) calculated for G7H27N2 (MH*) 259.2174, 

foundd 259.2171. HPLC-MS: RT = 0.75 min (100%). 

Ph.. "Biu ,"Bu Diburyl[2-(4-phenylpyrrolidin-2-yl)ethyl]amine di HCl-salt (25b). To a 

(~\.(~\. J suspension of resin 23 (198 mg, 218 umol) in 1,2-dichloroethane (4 mL) were 

HH added AcOH (0.13 mL, 2.29 mmol), dibutylamine (0.38 mL, 2.18 mmol) and 

NaBH(OAc)33 (479 mg, 2.18 mmol) and the mixture was stirred at room temperature for 20 h. 

Thenn the reaction mixture was filtrated, washed with CH2CI2, 20% AcOH in DMF, CH2CI2, 

20%% AcOH in DMF, MeOH, 20% AcOH in DMF, MeOH, CH2CI2, MeOH, CH2CI2, Et20, 

CH2CI2,, Et20, CH2CI2 and dried to afford resin 24b. This resin (195 mg, 191 umol) was 

suspendedd in 1M NaOMe in THF/MeOH (3 mL, 2:1, v/v) and stirred gently for 1 h. Then, 

thee resin was filtrated and washed with CH2CI2, MeOH, CH2CI2, and MeOH, followed by the 

additionn of 1M HC1 in MeOH (5 mL) to the filtrate and evaporation of the solvent. The 

residuee was extracted with 'PrOH (2 mL), filtrated and concentrated to afford 25b (64 mg, 

90%)) as a sticky yellow oil. 'H NMR (400 MHz, D2O): 8 = 7.48-7.39 (m, 5H), 4.02-3.98 (m, 

1H),, 3.88-3.76 (m, 2H), 3.43-3.30 (m, 3H), 3.26-3.21 (m, 4H), 2.44-2.24 (m, 4H), 1.76-1.69 (m, 

4H),, 1.45-1.37 (m, 4H), 0.97 (t, ƒ = 7.3 Hz, 6H). «C NMR (100 MHz, D2O): 5 = 142.3, 132.0, 

130.5,, 130.0, 60.0, 55.8, 54.1, 52.6, 44.1, 40.8, 39.3, 29.4, 28.1, 22.1, 15.7. IR (KBr): 3600-2400, 

3388,1454.. HRMS (FAB) calculated for C20H35N2 (MH+) 303.2800, found 303.2793. HPLC-MS: 

RTT = 1.04 min (100%). 

Ph.. "BU^.PMB Butyl(4-methoxybenzyl)-[2-(4-phenylpyrrolidin-2-yl)ethyl]amine di HCl-salt (25c). 

(.. \^J To a suspension of resin 23 (402 mg, 442 umol) in 1,2-dichloroethane (8 mL) 
HH were added AcOH (0.27 mL, 4.42 mmol), butyl(4-methoxybenzyl)amine (0.92 

mL,, 4.42 mmol) and NaBH(OAc)3 (971 mg, 4.42 mmol) and the mixture was stirred at room 

temperaturee for 20 h. Then the reaction mixture was filtrated, washed with CH2CI2, 20% 

AcOHH in DMF, CH2C12, 20% AcOH in DMF, MeOH, 20% AcOH in DMF, MeOH, CH2C12, 
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MeOH,, CH2C12/ Et20, CH2C12, Et20, CH2C12 and dried to afford resin 24c. This resin (139 mg, 

1288 |imol) was suspended in 1M NaOMe in THF/MeOH (2 mL, 2:1, v /v) and stirred gently 

forr 1 h. Then, the resin was filtrated and washed with CH2C12, MeOH, CH2C12, and MeOH, 

followedd by the addition of 1M HC1 in MeOH (3 mL) to the filtrate and evaporation of the 

solvent.. The residue was extracted with 'PrOH (2 mL), filtrated and concentrated to afford 

25cc (46 mg, 82%) as a sticky yellow oil. 'H NMR (400 MHz, D20): 8 = 7.48 (d, ƒ = 8.2 Hz, 2H), 

7.47-7.399 (m, 2H), 7.37-7.34 (m, 3H), 7.08 (d, ƒ = 8.2 Hz, 2H), 4.43-4.30 (m, 2H), 3.91-3.61 (m, 

3H),, 3.81 (s, 3H), 3.39-3.16 (m, 5H), 2.41-2.12 (m, 4H), 1.79-1.70 (m, 2H), 1.42-1.35 (m, 2H), 

0.933 (t, ƒ = 7.3 Hz, 3H). «C NMR (100 MHz, D20): 8 = 142.0,137.4,135.5,135.3,131.9,130.4, 

129.9,, 124.0, 117.6, 59.9, 59.8, 59.6, 58.3, 55.8, 55.4, 53.9, 52.2, 51.5, 44.0, 38.9, 29.7, 28.8, 28.0, 

22.1,, 15.6. IR (KBr): 3600-2400, 3338, 1611. HRMS (FAB) calculated for GuHssNbO (MH+) 

367.2749,, found 367.2762. HPLC-MS: RT = 1.11 min (100%). 

Ph.. „ Butyl[2-(4-phenylpyrrolidin-2-yl)ethyl]amin e (31) and butyl(4-
// j methoxybenzyl)-[2-(4-phenylpyrrolidin-2-yl)ethyl]amine (25c). To a 

HH suspension of resin 24c (125 mg, 119 |imol) in 1,2-dichloroethane (3 mL) was 

addedd ACE-C1 (0.13 mL, 1.19 mmol) and the mixture was stirred at 50 °C for 24 

h.. Then the resin was filtrated, washed and dried to afford resin 29. Thiss resin (111 mg, 107 

(xmol)) was stirred in THF/MeOH (3 mL, 2 /1, v/v) at 60 °C for 24 h, filtrated, washed and 

driedd to provide resin 30. This resin (95.5 mg, 98.4 |xmol) was suspended in 1M NaOMe in 

THF/MeOHH (1 mL, 2:1, v/v) and stirred gently for 1 h. Then, the resin was filtrated and 

washedd with CH2CI2, MeOH, OHbCh, and MeOH, followed by the addition of 1M HC1 in 

MeOHH (2 mL) to the filtrate and evaporation of the solvent. The residue was extracted with 

'PrOHH (2 mL), filtrated and concentrated to afford a mixture of 31 and 25c (30.3 mg, 87%) as a 

stickyy yellow solid. iH NMR (400 MHz, D20, 7:3 mixture): 8 = 7.49-7.36 (m, 5.6H), 7.11-7.09 

(m,, 0.6H), 4.41-4.35 (m, 0.6H), 4.04-3.98 (m, 0.8H), 3.87-3.61 (m, 4H), 3.43-3.29 (m, 1.7H), 

3.23-3.19(m,, 2H), 3.13-3.09 (m, 1.4H), 2.43-2.13 (m, 4H), 1.78-1.66 (m, 2H), 1.47-1.36 (m, 2H), 

1.00-0.922 (m, 3H). HPLC-MS: RT = 1.14 min (ESI) calculated for C24H35N20 (25c, MH+) 367, 

foundd 367; RT = 0.87 min (ESI) calculated for Ci6H27N2 (31, MH+) 247, found 247. 

oo Resin 33. Through a suspension of resin 32 (5.79 g, 7.23 mmol) in CH2C12 (70 mL) 

"HH at -78 °C, ozone was bubbled for 30 minutes. During this time the reaction 

/S|| mixture turned light blue (excess ozone). After bubbling through 02 until the 

bluee colour had disappeared, PPhs (3.80 g, 14.4 mmol) was added and the 

mixturee was allowed to warm to room temperature and swirled for 20 h. Then, the mixture 

wass filtrated, washed and dried to afford resin 33. IR: 2730,1720. 

Bruu Benzyl(2-pyrrolidin-2-ylethyl)amin e (35) and benzyI-bis-(2-pyrrolidin-2-
(.. X^J ylethyl)amine (36). To a suspension of resin 33 (100 mg, 125 |imol) in 1,2-

N N 
HH dichloroethane (2 mL) were added the indicated amounts of AcOH, BnNH2 and 

NaBH(OAc)33 (Table 4.1) and the mixture was stirred at room temperature for 24 h. Then the 

reactionn mixture was filtrated and washed with CH2C12, 20% AcOH in DMF, CH2C12, 20% 
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AcOHH in DMF, MeOH, 20% AcOH in DMF, MeOH, CH2CI2, MeOH, CH2CI2, Et20, CH2CI2, 

Et20,, CH2CI2. This resin was suspended in 1M NaOMe in THF/MeOH (1.5 mL; 2:1, v/v) and 

gentlyy stirred for 1 h. Then, the resin was filtrated and washed with CH2CI2, MeOH, CH2CI2, 

andd MeOH, followed by the addition of 1M HC1 in MeOH (2 mL) to the filtrate and 

evaporationn of the solvent. The residue was extracted with 'PrOH (2 mL), filtrated and 

concentratedd to afford a mixture of 35 and 36 (25 mg, approximately 75%) as a slightly 

yelloww solid. For 35: iH NMR (400 MHz, D20): 8 = 7.55-7.45 (m, 5H), 4.30 (s, 2H), 3.70-3.60 

(m,, IH) , 3.40-3.31 (m, 2H), 3.28-3.15 (m, 2H), 2.32-2.22 (m, 2H), 2.18-1.98 (m, 3H), 1.79-1.65 

(m,, IH) . HPLC-MS: RT = 0.46 min (ESI) calculated for G3H21N2 (35, MH* ) 205, found 205; RT 

== 0.32 min (ESI) calculated for G9H32N3 (36, MH+) 302, found 302. 

/—11 I Isopropyl-(2-pyrrolidin-2-ylethyl)amin e di HCl-salt (42). To a suspension of 

 resin 33 (95.8 mg, 120 umol) in 1,2-dichloroethane (2 mL) were added AcOH 

(0.511 mL, 9.0 mmol), 'PrNH2 (0.51 mL, 6.0 mmol) and NaBH(OAc)3 (381 mg, 

1.88 mmol) and the mixture was stirred at room temperature for 24 h. Then the reaction 

mixturee was filtrated, washed with CH2CI2, 20% AcOH in DMF, CH2C12, 20% AcOH in DMF, 

MeOH,, 20% AcOH in DMF, MeOH, CH2CI2, MeOH, CH2CI2, Et20, CH2CI2, EtzO, CH2CI2 and 

dried.. This resin (87.5 mg, 104 umol) was suspended in 1M NaOMe in THF/MeOH (1 mL, 

2:1,, v /v) and gently stirred for 1 h. Then, the resin was filtrated and washed with CH2CI2, 

MeOH,, CH2CI2, and MeOH, followed by the addition of 1M HC1 in MeOH (2 mL) to the 

filtratee and evaporation of the solvent. The residue was extracted with 'PrOH (2 mL), 

filtratedd and concentrated to afford 42 (15.2 mg, 64%) as a sticky yellow solid. 5H NMR (400 

MHz,, D2O): 5 = 3.72-3.65 (m, IH), 3.50-3.43 (m, IH), 3.42-3.38 (m, 2H), 3.24-3.16 (m, 2H), 

2.36-2.222 (m, 2H), 2.18-2.02 (m, 3H), 1.80-1.71 (m, IH), 1.36 (d, ƒ = 6.6 Hz, 6H). «C NMR (100 

MHz,, D2O): 5 = 57.9, 51.3,45.6,42.0, 29.6,28.6,23.1,18.5,18.4. 

Ph.. Bn. Benzyl-[2-(4-phenylpyrrolidin-2-yl)ethyl]amin e di HCl-salt (43) and benzyl-
{ ^ \ ii bis-[2-(4-phenylpyrrolidin-2-yl)ethyl]amin e tr i HCl-salt (44). To a suspension 

HH of resin 23 (entry 1: 94.6 mg, 108 umol; entry 2: 102 mg, 116 umol) in 1,2-

dichloroethanee (2 mL) were added the indicated amounts of AcOH, B11NH2 and 

NaBH(OAc)33 (Table 4.2) and the mixture was stirred at room temperature for 24 h. Then the 

reactionn mixture was filtrated, washed with CH2CI2, 20% AcOH in DMF, CH2C12, 20% AcOH 

inn DMF, MeOH, 20% AcOH in DMF, MeOH, CH2CI2, MeOH, CH2CI2, Et20, CH2CI2, EtzO, 

CH2CI22 and dried. This resin (entry 1: 90.8 mg, 88.1 umol; entry 2: 98.7 mg, 95.7 umol) was 

suspendedd in 1M NaOMe in THF/MeOH (1 mL, 2:1, v/v) and gently stirred for 1 h. Then, 

thee resin was filtrated and washed with CH2CI2, MeOH, CH2CI2, and MeOH, followed by the 

additionn of 1M HC1 in MeOH (2 mL) to the filtrate and evaporation of the solvent. The 

residuee was extracted with 'PrOH (2 mL), filtrated and concentrated to afford a mixture of 43 

andd 44 (entry 1: 22.3 mg, 59%; entry 2:19.2 mg, 55%) as a sticky yellow solid. For 43: iH NMR 

(4000 MHz, D2O): 8 = 7.58-7.35 (m, 10H), 4.31 (s, 2H), 4.04-3.97 (m, IH), 3.82-3.74 (m, 2H), 

3.42-3.377 (m, IH), 3.36-3.30 (m, 2H), 2.44-2.15 (m, 4H). " C NMR (100 MHz, D2O): 8 = 141.9, 

132.8,132.2,131.7,131.5,130.0,129.5,59.4,53.6,53.5,46.3,43.7,, 38.7,30.9. HPLC-MS: RT = 0.95 
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minn (ESI) calculated for C19H25N2 (43, MH+) 281, found 281; RT = 1.13 min (ESI) calculated for 

C26H31N33 (44, MH+) 454, found 454. 

Resinss 45-47. These resins were prepared from the corresponding allyl precursors using the 

samee procedure as for resin 23. A SEC-linker functionalised resin with a loading of 0.61 

mmol /gg was used as the starting material. 

Phh Isopropyl-[ l-methyl-2-(4-phenylpyrrol idin-2-yl)ethyl]amin e di HCl-salt 

C~C~ A JL ^132^' T° a s u sP e n s i on o f r e s in 4 6 (2 06 m § ' 1 2 2 ^rnol) in 1,2-dichloroethane 
HH H (4 mL) were added AcOH (0.52 mL, 9.15 mmol), <PrNH2 (0.52 mL, 6.1 

mmol)) and NaBH(OAc)3 (259 mg, 1.22 mmol) and the mixture was stirred 

att room temperature for 24 h. Then the reaction mixture was filtrated, washed with CH2CI2, 

20%% AcOH in DMF, CH2CI2, 20% AcOH in DMF, MeOH, 20% AcOH in DMF, MeOH, 

CH2CI2,, MeOH, CH2CI2, Et20, CH2CI2, Et20, CH2CI2 and dried. This resin (192 mg, 108 umol) 

wass suspended in 1M NaOMe in THF/MeOH (1 ml, 2:1, v/v) and gently stirred for 1 h. 

Then,, the resin was filtrated and washed with CH2Q2, MeOH, CH2CI2, and MeOH, followed 

byy the addition of 1M HC1 in MeOH (2 mL) to the filtrate and evaporation of the solvent. The 

residuee was extracted with 'PrOH (2 mL), filtrated and concentrated to afford 132 (30 mg, 

87%)) as a sticky white solid. iH NMR (400 MHz, D2O, 4:1 mixture of diastereoisomers, data 

off  the major): 8 = 7.51-7.36 (m, 5H), 4.09-4.06 (m, IH), 3.86-3.74 (m, 2H), 3.66-3.58 (m, 2H), 

3.44-3.388 (m, IH), 2.50-2.09 (m, 4H), 1.44-1.34 (m, 9H). " C NMR (100 MHz, D2O, 4:1 mixture 

off  diastereoisomers): 8 = 142.0,141.9,131.5,130.0,130.0,129.5, 58.8, 53.8, 53.5, 51.1, 50.3, 50.1, 

43.7,, 39.9, 38.3,37.6,37.6,21.2, 21.0,20.4, 20.3,17.9,17.6. IR: 3300-2400,1453,1392. HPLC-MS: 

RTT = 0.77 min (21%, ESI) calculated for C16H27N2 (132, MH+) 247, found 247; RT = 0.82 min 

(79%,, ESI) calculated for C16H27N2 (132, MH+) 247, found 247. 

Librar yy synthesis. A 96-well Flex Chem® synthesis block (8 rows (A-H), 12 columns (1-12) 

wass divided in four 5 x 4 rectangles (rows 1 and 12 were not used). Each well was then 

chargedd with resin (70 mg, 41 |imol) in the following way: A2 —> D6 resin 23, A7 —> D l l resin 

45,, E2 -» H6 resin 46, E7 -» H l l resin 47. To each well was added AcOH (175 uL, 75 equiv). 

Then,, was added the amine (50 equiv, column 2 and 7: allylamine, column 3 and 8: 

butylamine,, column 4 and 9: isopropylamine, column 5 and 10: 4-methoxybenzylamine, 

columnn 6 and 11: 4-fluorobenzylamine), followed by a 0.82M suspension of NaHB(OAc)3 in 

1,2-dichloroethanee (0.5 mL, 10 equiv) after which the synthesis block was placed in an orbital 

shakerr and agitated for 20 h. Each well was then washed with MeOH, DMF, MeOH, DMF, 

20%% AcOH in DMF, CH2CI2, 20% AcOH in DMF, MeOH, 20% AcOH in DMF, MeOH, 

CH2CI2,, MeOH, CH2CI2, Et20, CH2CI2, Et20 and CH2CI2. To the wells were added 1,2-

dichloroethanee (rows A-C and rows E-G 0.25 mL, and rows D and H 0.5 mL), a 1.64M 

solutionn of electrophile (0.25 mL, rows A and E: benzoyl chloride, rows B and F: benzyl 

chloroformate,, rows C and G: tosyl chloride, rows D and H: phenyl isocyanate), DIPEA (35 

(iL,, 5 equiv) and a 1.64M solution of pyridine in 1,2-dichloroethane (rows A-C and rows E-G, 

0.255 mL, 10 equiv) and the synthesis block was placed in an orbital shaker and agitated for 20 
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h.. Each well was then washed with CH2CI2, MeOH, CH2CI2, MeOH, CH2CI2, MeOH, CH2CI2, 

THF,, MeOH, THF, MeOH and THF (2x). To each well was added a 0.41M solution of 

NaOMee in THF/MeOH (0.5 mL, 2:1, v /v, 5 equiv). After standing for 20 minutes the wells 

weree filtrated and washed with MeOH (0.15 mL) and THF (0.15 mL). This procedure was 

repeatedd twice. To each filtrate AcOH (35 îL, 15 equiv) was added and the solvents were 

evaporated.. The residues were taken up in a 10% aqueous solution of NaHCCb (0.5 mL) and 

extractedd with EtOAc (2 x 0.2 mL). The EtOAc was evaporated and the products were 

dissolvedd in DMSO (0.8 mL). Of this solution a small amount (0.05 mL) was diluted 10-fold 

andd analysed by HPLC-MS. 

Spectrall  data for the products: (RT (min), mass found (purity in %)): 52: 1.14, 335 

(100%);; 53:1.21, 351 (100%); 54:1.14, 337 (100%), 55:1.25, 403 (78%); 56: 1.24, 415 (50%); 57: 
1.23,, 365 (86%); 58:1.36,381 (93%); 59:1.28, 367 (95%); 60:1.38,433 (30%); 61:1.37,445 (47%); 

62::  1.26, 385 (75%); 63: 1.35, 401 (82%); 64: 1.26, 387 (98%); 65: 1.38, 453 (28%); 66: 1.36, 485 

(55%);; 67:1.13,350 (98%); 68:1.25,366 (66%); 69:1.13, 352 (100%); 70:1.27,418 (79%); 71:1.26, 

4300 (59%); 72:1.17,349 (99%); 73:1.25, 365 (99%); 74:1.21, 351 (100%); 75:1.28,417 (99%); 76: 
1.28,, 429 (95%); 77: 1.30, 379 (95%); 78: 1.39, 395 (100%); 79: 1.33, 381 (98%); 80: 1.42, 449 

(88%);; 81: 1.39, 459 (98%); 82: 1.30, 399 (86%); 83: 1.38, 415 (100%); 84: 1.31, 401 (100%); 85: 
1.41,, 467 (100%); 86: 1.40, 499 (97%); 87: 1.20, 364 (97%); 88: 1.30, 380 (96%); 89: 1.22, 366 

(100%);; 90:1.32, 432 (100%); 91:1.30,444 (94%); 92:1.15, 349 (100%); 93:1.25, 365 (98%); 94: x; 

95:1.27,, 418 (89%); 96:1.27,429 (91%); 97:1.32, 379 (99%); 98:1.42, 395 (96%); 99: x; 100:1.39, 

4477 (87%); 101: 1.38, 460 (98%); 102:1.29, 399 (95%); 103:1.38, 416 (100%); 104: x; 105:1.38, 

4677 (99%); 106:1.39, 479 (99%); 107:1.18, 364 (100%); 108:1.28, 380 (100%); 109: x; 110:1.32, 

4322 (100%); 111: 1.29,445 (100%); 112:1.18,363 (100%); 113:1.29, 379 (100%); 114: x; 115:1.31, 

4322 (95%); 116:1.29,444 (100%); 117:1.35,393 (98%); 118:1.47,409 (94%); 119: x; 120:1.45,462 

(94%);; 121: 1.42, 473 (89%); 122: 1.34, 413 (100%); 123: 1.43, 429 (90%); 124: x; 125: 1.44, 481 

(100%);; 126:1.42, 513 (100%); 127:1.24,379 (100%); 128:1.33, 394 (100%); 129: x; 130:1.33,446 

(100%),, 131:1.32,459 (100%). 

Selectedd yields of products: 52: 9.2 mg (67%); 58: 7.3 mg (47%); 62: 7.5 mg (47%); 72: 8.0 mg 

(56%);; 76: 6.4 mg (36%); 78: 5.9 mg (36%); 84: 5.1 mg (31%); 90: 5.0 mg (28%); 92: 9.0 mg 

(63%);; 98: 6.9 mg (44%); 104: 0 mg (0%); 111: 2.9 mg (16%); 116: 6.7 mg (37%); 120: 8.0 mg 

(42%);; 123: 6.3 mg (36%); 127: 6.7 mg (43%). 
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