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Abstract:: Bicyclic proline analogs have a wide range of biological uses. We report here our synthesis of bicyclic
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prolinc analogs using a formal {3+2] intramolecular aziridine-allylsilanc cycloaddition reaction. This synthesis
allows for the preparation of both 5-3 and 6-5 fused ring systems and should be amenable to the preparation of
analogs with substitution on the carbocyclic ring. © 1999 Elsevier Science Ltd. All rights reserved.

Keywaords: aziridines; bicyclic heterocyclic compounds; nitrogen heterocycles; silicon and compounds.

The biological utility of proline analogs as analgesics, enzyme inhibitors and peptidomimetics is
multifold. Proline is a unique dialkylated amino acid. Isomerization of proline has profound effects on peptide
and protein structure and function.! Bicyclic proline analogs have been investigated as analgesics,2
Angiotensin Converting Enzyme (ACE) inhibitors,3 and peptidomimetics.# Bicyclic proline analogs can be
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inserted into pe entides in order to create more rigid alnm 4b Incorporation of these rjgjcl analogs into
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the spatial requirements for a peptide are well understood. We report here our enantioselective synthesis
of bicyclic proline analogs 1-4 (Figure 1). Our synthesis allows for the preparation of proiine anaiogs
containing substituents on the carbocyclic ring.
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Figure 1

While many possible connectivities for bicyclic proline analogs are possible, only the analogs shown in
Figure 2 have been previously reported.> All but one of the compounds (10) shown were prepared as

racemates. Since many of these proline analogs have shown promising activity as ACE inhibitors, analgesics,

and peptidomimetics, new methods for the synthesis of enantiomerically pure proline analogs as well as the
synthesis of new types of proline analogs should be useful
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Figure 2

Our synthesis of proline analogs 1, 2, 3, and 4 uses an intramolecular formal [3+2]
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reaction of an aziridine and allylsilane to form the bicyclic skeleton. There have only been two previous®
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intramolecular formal [3+<4] LyLlOd(l(llllOIl of an aziridine- dliS’i

v,

silane.

Previously we had reported on the intramolecular reactions of aziridines with ailyisilanes.”-8 In this
earlier work we found that treatment of 11 with excess BF3*OEt; provided carbocycle 12 in excellent yield and
moderate diastereoselectivity (Scheme 1). Upon close examination of some of the crude reaction mixtures we
noticed the presence of a small quantity (< 5%) of another product that appeared to still contain the
trimethylsilyl group and in which the aziridine ring had opened. We believed that this minor component might
be a compound such as 13.9 This minor component would be the product of an intramolecular formal [3+2]

cycloadduct. The formal [3+2] cycloaddition between allylsilanes and other electrophiles has been successfully
exnlaited for the eyntheacic of 5 varietv of cvelic malectileg 10
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Upon further investigation, we found that the major product of this reaction (with cat. BF3*OEt)) was
the [3+2] product 13 (R=Me), although in poor yield (~ 40%). Such a cyclization could be very useful for the
synthesis of our target proline analogs if the SiMe3 group could be changed to a more readily oxidized silane
(e.g. PhMe;Si) and if the yield of the bicyclic pyrrolidines could be improved. Compounds such as 13 would
thus be excellent starting points for making proline analogs (1-4) because the silicon can be easily oxidized to
the corresponding alcohol (14). Further oxidation to the acid followed by deprotection of the nitrogen, would

give the desired proline analogs 15 (Figure 3).
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While other silanes (most notably triisopropy!) can be retained in these annulations, (thus improving the
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yield of the bicycle) we wished to use a silane which could be readily converted to other functionality. We have

decided to use the dimethyiphenyisilyi group, because it participates well in the [3+2] annulation reaction,!%% i
can be easily oxidized to a hydroxyl group using a variety of conditions,ii and PhMe;SiCH;Cl is commercially
available.12

Our synthesis of the requisite aziridine-allylsilane follows from our previously reported method.!3 For

this synthesis, iodoallylsilanes 18 and 19 are needed. Ring opening of either dihydrofuran or dihydropyran

(Scheme 2), with PhMe,SiCH,;MgCl114 in the presence of a nickel catalyst gave the corresponding alcohols 16
and 17.15 When dihydrofuran was used in this reaction, we found that an optimal yield of 16 was obtained
when 10 mol% of [1,2-bis(PhyP)ethane] NiCly was used as the catalyst. A different catalyst was used (5 mol%
of (Ph3P),NiClp)!5 with dihydropyran which gave a 57% yield of alcohol 17 . Tosylation of the alcohols,
followed by treatment with Nal gave the 1odides 18 and 19 in 81% and 90% yield over two steps.
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n=2, (PhaP)2NiCl, (5 mol %) : .
Scheme 2
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to provide aziridine-allyisilanes 21 and 22 in 70% and 66% yield respectively on a 1-2 mmole scale.
reaction proceeds via an initial attack at the less substituted carbon of the aziridine followed by aziridine
formation. When attempts were made to scale this reaction up (=4 mmoles), the yields were reduced to 30-
50%. For this rcason, synthesis of the opposite enantiomers was carried out in a stepwise manner to see if an
irnprovement in the yields was possible. Once again, the cuprate was made from iodides 18 and 19, but this

me they were treated with (S)- aziridine 23, 16 to give the ring opened products 24 and 25. Deprotection with

unobu reactio 1 all

followed by a Mitsunobu reaction!” formed the aziridine ring to yield aziridine-allylsilanes 26 and 27



in 85% and 76% yield from 24 and 25 respectively. The overall yield of 26 (81%) was slightly higher than
with the one step procedure, whereas, the yield of 27 (68%) was about the same. This stepwise procedure
seemed to lend itself much better to larger scale reactions than the one step procedure.
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Scheme 3

Cyclization of aziridine-allylsilanes 21 and 22 is described in Scheme 4. Cyclization of 21 was carried
out using BF3¢OEt> (15 mol %) in CH2Clp. Column chromatography gave diastereomerically pure bicycle 28
yield. Similar results were obtained when enantiomer 26 was cyclized. This reaction was contaminated

0
vith 28% of the corresponding olefin 29 (approximately 1.5:1 trans:cis) which is readily removed by

W % the corres pondin g olefin 29 (approximatel rich
chromatography. The yield of isolated 28 (and 30) has been substantially improved by changing the silyl
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Cyclization of compounds 22 and 27 was also carried out using BF3*OEt3 (15 mol%), but resulted in a

different product ratio. As shown in Scheme 5, the more flexible nature of the bicyclic system allows for the

1t product ratio. As sho
cle. The trans isomer is the major product in both reactions.

formation of either a cis or trans fused bicycle. Th 1c major produc

Column chromatography again allowed for the ready separation of the trans fused bicycles from the cis The
ratio of 33:32 was slightly higher than 4:1, whereas, the ratio of 36:35 was 3:1. Each of these reactions was still
contaminated with the corresponding olefin (~30% 1.5:1 trans:cis). While the yields of the cyclization are stiil
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not ideal, replacing the Me3Si with a PhMe;Si has enabled us to increase the yields sufficiently to continue with
the synthesis of proline analogs 1-4.
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Scheme 5

The stereochemistry of bicyclic products was assigned by nOe spectroscopy (Figure 4). The nOes
observed agreed with our previous determinations of relative stereochemistry in this type of cyclization.”8 We

expect that no loss of enantiomeric purity occurs in the initial ring opening of the aziridine (stereochemistry at

Hp). It is well established that nucleophilic ring opening reactions of aziridines proceed with very high
stereochemical integrity.S !8
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Figure 4

While most of the nOes observed were expected, one interesting nOe deserves note. Protons H¢ and H,

tosyl group.



8030

S. C. Bergmeier et al. / Tetrahedron 55 (1999) 8025-8038

SiPhMe; 1 COOH \y COOH
Hg(OAc), RuCla*Ha0 : HBI/ACOH :
T —=\=Te — NTs ——= o
N CHACORH NalOg | S ~7h encgl | NHeHBr
79% 69% H 100% A
39 1
y o SiPhMez H :_;OH y COOH y GOOH
\ Hg(OAc), RuCla*H,0 HBr/AcOH
Sl NTs —ulathed) NT .
d:"”s CHyCO3H NalOg ® ~pheno NHeHBr
] 80% H 66% H 100% H
30 40 41 2
Scheme 6

Preparation of proline analogs 1 and 2 from bicycles 28 and 30 is described in Scheme 6. Oxidation of
the bicycles to the alcohols was carried out using mercuric acetate with acetic and peracetic acids.!® This

reaction gave alcohols 38 and 40 in excellent yields (79-80%).

The alcohols were oxidized to the

corresponding carboxylic acids 39 and 41 using RuCl3*H;0 and sodium periodate.20 The final step in
formation of compounds 1 and 2 was removal of the tosyl group from the nitrogen. Acids 39 and 41 were
treated with 32% HBr/AcOH and phenol?! to produce amino acid salts 1 and 2 each in quantitative yield. No
racemization (i.e. formation of diastereomers) was observed by !H/!3C NMR at C; following the RuClz*H;0

oxidation or the deprotection.
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Preparation of proline analogs 3 and 4 was carried out in an analogous fashion to 1 and 2. The pure
trans isomers 33 and 36 were oxidized with mercuric acetate to produce alcohols 42 and 44 respectively. These
alcohols were further oxidized to acids 43 and 45. The yields of the oxidations were comparable to those
described earlier with compounds 28 and 30. A small amount (£ 5%) of what was believed to be the C2
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diasiercomer of acids 43 and 45 was deiecied in the !3C NMR. Column chromatography aiiowed for the ready
purification of the desired carboxylic acids. Removal of the tosyl group proceeded smoothly to give the target
amino acid salts 3 and 4.

In conclusion, we have described the preparation and characterization of a new group of proline analogs.
This synthesis makes use of an intramolecular, formal [3+2] cycloaddition between an aziridine and an

allylsilane. This synthesis should be amenable to the preparation of substituted analogs as well. This is the first

examnle of a formal intramolecular 13421 cvcloaddition of an aziridine-allvicilane. and one of onlv three
exampi€ of a formal mntramolecular [ 3+2] ¢ycloaadition of an azinidme-allyisilane, and one of only three
avnrmnlag Af Fammal Intramalaciilor 12191 avalandditinne invaluving allolailanacs whinkh haovra hane cameebad sa
CAdAL 1P1U3 J1 1Ul11kal 1l atiiuiseutlar IJTL VIALALIULLD lllV\JlVllls ﬂllyl).l.la ICO WillLll 11ave UcCll ICPULLCU w
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enactrameter  (Chemical chifte are rennrted in nnm relative to trimethvlcilane Coannlino canctante (1) are
spectrometer. Chemical chifts are reported 1n ppm relative to trimethylsilane, Coupling constants (J) are
reported in Hz. Melting points were taken using a Thomas Hoover capillary melting point apparatus and are

uncorrected. Thin laver chromatography (TLC) was performed on Whatman pre-coated silica gel Fasa
aluminum foils. Purification of the reaction products was camed out by flash column chromatography using a
glass column dry packed with silica gel (230-400 mesh ASTM) according to the method of Still.22
Visualization was accomplished with UV light and/or Phosphomolybdic acid solution followed by heating.
Exact mass measurements recorded in the electron impact (EI) mode were determined at The Ohio State
University Chemical Instrument Center with a Kratos MS-30 mass spectrometer. Combustion analyses were
performed at Quantitative Technologies, Inc., Whitehouse, New Jersey. THF and EtpO were distilled from
sodium and benzophenone. Benzene and CH,Cly were distilled from CaH3 before use. Et3N was distilled from
CaHj and stored over KOH pellets. All reactions were carried out under an N, atmosphere unless otherwise

specified.

5. {Cimethvivhenvisiivl)-peni-3-eii-1-0l (16}, Masesii I I PR V-JSU L T RN BRI EUUNRPI S I
d={uineunyipnenyisiiyl)=pent-o-ci~1-U1 {(10), I ldgll(,blulll (£.1 8, 42 HUHHUL ) WdS 11allC ULICU 411U >USpCidcd 1
Ct+adY (AL T V\ Etherlama lenmida (1 2 0T 18 smvsninl) wwrno nAdad and tha ranntinn vwao o NMwrad 4 raflivv Ffae YN
L2V (&) ML j. Culyiiene orGinial (1.0 i, 135 MGy Wads aGala aina uid réaCudsdit was auOweh O rienuX 107 2vu
min fallawae v a claw additinn var § min) nf chlaromethvldimethulnhanvlcilane 8 4 ml

nin i0uowWe a S5iCW aggailic €r > muin) oI COuor WY GHTCLY: PalhyaShant (2.4 M4, mne:

dissolved reeultmg in the forma[lon of a grayish suspension. Benzene (60 6 L) was then added to the reaction
and the EtoO was distilled out of the reaction flask (until the distillate coming over had a temperature of 78 °C).
1,2-Bis(PhyP)ethaneNiCla (792 mg, 1.50 mmol) was then added to the reaction as solid and the above mixture
was refluxed for 30 min. The reaction was cooled to 0°C for addition of 2,3-dihydrofuran (2.0 mL, 27 mmol)
and then heated to reflux for 10 hrs. The reaction was then cooled to rt and quenched by the addition of sat.
NH,4Cl solution. The organic layer was separated and the aqueous layer was extracted with EtOAc¢ (52 mL). The
combined organic layers were then washed with brine (100 mL), dried (MgSOy4) and concentrated.
Chromatography (10% EtOAc in hexanes — [5% EtOAc in hexanes) gave 4.6 g (77%) of 16 as a colorless oil.
R;0.2 (15% EtOAc in hexanes). TH NMR (CDCl3, 250 MHz), 6 7.50 (m, 2H), 7.35 (m, 3H), 5.55 (m, 1H), 5.25
(m, 1H), 3.52 (m, 2H), 2.19 (m, 2H), 1.74 (d, 2H, J = 8.7), 1.28 (s, 1H), 0.28 (s, 6H). I13C NMR (CDCl3, 62.5
MHz) 8 138.7, 133.6, 129.0, 128.2, 127.8, 123.5, 62.4, 30.7, 18.0, -3.3. Anal. Calcd for Cj3H200Si: C, 70.84;
H, 9.15. Found: C, 70.42; H, 8.90.

6-(Dimethylphenylsilyl)-hex-4-en-1-o0l (17). This alcohol was prepared according to the procedure described

for the preparation of 16, except 2,3-dihydropyran (5.6 mL, 24 mmol) and (Ph3P)NiCi; (0.98 g, 1.5 mmoi)
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were used. Chromatography (15% EtOAc in hexanes) gave 3.20 g (57%) of 17 as a colorless oil. Rr0.21 (15%
EtOAc in hexanes). lH NMR (CDCl3, 250 MHz), § 7.50 (m, 2H), 7.35 (m, 3H), 5.50-5.20 (m, 2H), 3.56 (1, 2H,
J =6.5), 1.99 (m, 2H), 1.70 (d, 2H, J = 8.4), 1.53 (m, 2H), 1.23 (s, 1H), 0.27 (s, 6H). 13C NMR (CDCl3, 62.5
MHz) 6 138.9, 133.6, 129.0, 127.7, 127.4, 125.3, 62.7, 32.7, 23.4, 17.7, -3.3. Anal. Calcd for C4H,0Si: C
71.73; H, 9.46. Found: C, 71.72; H, 9.25.

3

1 Iodo-5-(dimethylphenylsilyl)-pent 3-ene (18). The alcohol 16 (4.6 8 21 mmol) triethylamine (4 39 mL

an ice bath (U L/) p- loluenesuuonyl chioride (4 4 g, 23 mmol) was added to the reaction over 5 min and the
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organic phase was washed with 1M HCI (20 mL), sat. NaHCO3 solution (20 mL) and brine (20 mL), dried
(MgS0O;) a
Ay -ladad

an d concentrated to provide the crude tosylate which was used without any further purification. The
tain
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ined above was dissolved in acetone (105 mL) and Nal (12.6 g, 84.0 mmol) was added.

tosvlate obt
reaction was then refluxed for 2 hrs. after which it was cooled to room temperature and poured into water ( 170
mL). The aqueous phase was then extracted with hexanes (80 mL) and the organic phase was then washed with
sat. NapS»03 solution, brine, dried (MgS0y4) and concentrated. Chromatography (hexanes) provided 5.63 g
(81% from 16) of 18 as a colorless oil. R¢0.8 (hexanes). IH NMR (CDCl3, 250 MHz), § 7.50 (m, 2H), 7.35 (m,
3H), 5.52 (m, 1H), 5.19 (m, 1H), 2.94 (t, 2H, J = 7.5), 2.46 (m, 2H), 1.69 (d, 2H, J = 8.7), 0.28 (s, 6H). 13C
NMR (CDCl3, 62.5 MHz) & 138.4, 133.6, 129.2, 127.8, 127.6, 126.4, 31.5, 18.3, 5.1, -3.3. Anal. Calcd for
C13H16Sil: C, 47.27; H, 5.79. Found: C, 47.41; H, 5.56.

1-Iodo-6-(dimethylphenylsilyl)-hex-4-ene (19). This iodide was prepared according to the procedure used for
the preparation of 18, except alcohol 17 (2.3 g, 9.6 mmol) was used. Chromatography (hexanes) provided 2.9 g
(90% from 17) of 19 as a colorless oil. 'H NMR (CDCl3, 250 MHz), § 7.50 (m, 2H), 7.35 (m, 3H), 5.50-5.20
(m, 2H), 3.13 (t, 2H, J = 6.5), 1.99 (m, 2H), 1.70 (m, 4H), 0.29 (s, 6H). 13C NMR (CDCl3, 62.5 MHz) & 138.7,
133.6, 129.0, 127.7, 126.5, 125.8, 33.5, 27.9, 17.9, 6.4, -3.3. Anal. Calcd for Cj4H2;Sil: C, 48.84; H, 6.15.
Found: C, 48.94; H, 6.19.

res sew x L g} + I\ L < A _ 74 —4L _ B_ b ___ I\ ____L <717 st 3__ . /1N .7 A A T ~ .
S )-4-{0-(1metnyiphenyisiyl)-nex-4-enj-/v-{ (4-metnyipnenyi)sui yij- 1aine (£1). I-puLi (4.4 ML OI &
0.8% M solution in pentane, 3.9 mmol) was added dropwise to a solution of 18 (686 mg, 1.80 mmol) in Et;C (S
mL) at -78 °C. The reaction was stirred at -78 °C for 10 min after which it was allowed to warm to rt and stirred

an additional 60 min. The reaction was recooled to -78 °C. In a separate flask Cul (119 mg, 0.626 mmol) was
dissolved in n-BuaP (0.75 mL, 3.0 m_m_oh and Et0 (2.5 mL). The slightly turbid solution of Cul/n-Bu3P in
EtoO was then transferred to the organolithium prepared above using additional Et20 (2.5 mL). The yellowish
cuprate solution thus formed, was warmed to -40 °C and stirred for 10 min after which it was recooled to -78 °C
and allowed to stir for another 40 min. The aziridine 2013 (240 mg, 0.630 mmol)was dissolved in THF:Et,O
(1:1, 2 mL) and added to the reaction via cannula. The reaction was stirred for another 60 min at -78 °C after
which it was quenched by the addition of sat. NH4Cl and the organic layer washed with sat. NH4Cl, brine, dried
(MgSOy) and concentrated. Chromatography (8% EtOAc in hexanes) gave 182 mg (70%) of 21 as a colorless

oil. Rf0.25 (8% EtOAc in hexanes), [0]?3365 = -8.5° (¢ 1.6, EtOAc), 'H NMR (CDCl3, 250 MHz), 4 7.81 (d,
2H, J = 8.2), 7.50 (m, 2H), 7.35 (m, SH), 5.35 (m, 1H), 5.10 (m, 1H), 2.65 (m, 1H), 2.60 (d, 1H, J = 7.0), 2.44

(s, 3H), 2.02 (d, 1H, J = 4.5), 1.85 (m, 2H), 1.66 (d, 2H, J = 8.5), 1.65-1.10 (m, 4H), 0.26 (s, 6H). 13C NMR
(CDCls, 62.5 MHz) & 144.3, 138.8, 135.5, 133.6, 129.6, 129.0, 128.0, 127.7, 127.3, 125.3, 40.2, 33.7, 30.9,
26.6, 26.4, 21.5, 17.7, -3.3. Anal. Calcd for Cy3H31NO,SiS: C, 66.78; H, 7.55; N, 3.39. Found: C, 66.49; H,
7.51; N, 3.34



(8)-2-[7-(Dimethylphenylsilyl)-hept-5-en]-N-[(4-methylphenyl)sulfonyl]-aziridine (22). This aziridine was
prepared according to the procedure described for the preparation of 21, except iodide 19 (1.15 g, 3.36 mmol)
was used. Chromatography (8% EtOAc in hexanes) gave 338 mg (66%) of 22 as a colorless oil. Rr0.24 (8%
EtOAc in hexanes), [0]2365 = -31.0° (¢ 2.2, EtOAc), 'H NMR (CDCls, 250 MHz), & 7.81 (d, 2H, J = 8.3), 7.52
(m, 2H), 7.35 (m, 5H), 5.31 (m, 1H), 5.15 (m, 1H), 2.68 (m, 1H), 2.62 (d, 1H, J = 7.0), 2.42 (s, 3H), 2.03 (d,
1H, J =4.5), 1.82 (m, 2H), 1.66 (d, 2H, J = 8.4), 1.65-1.1 (m, 6H), 0.27 (s, 6H). 13C NMR (CDCl, 62.5 MHz)
8 144.2, 138.8, 135.5, 133.5, 129.5, 129.0, 128.0, 127.7, 127.6, 125.0, 40.3, 33.6, 31.1, 29.0, 26.8, 26.4, 21.5,
17.6, -3.3. Anal. Calcd for Co4H33NO3SiS: C, 67.40; H, 7.77; N, 3.28. Found; C, 67.78; H, 7.38; N, 3.17.

(7R)-1-(Dimethyiphenyisiiyl)-7-[(4-methyiphenyi)suifonyijamino-8-[(tbutyidimethyi)siiyijoxo-oct-2-ene

(24). ¢-BuLi (16.7 mL of a 1.49 M solution in pentane, 24.9 mmol) was added dropwise to a solution of 18
(277 11 2mmalyin FtaDY ()2 ml Y at TR ° Tha raartinn wae than allawad tn ctir af "7Q °f‘ -prna 1N 1 afrae
Aded e By 110 LHBNVLY 1 LU (4o 1) At =10 . LU Ivavuvn was uen audwea o stirat -/6 vl 1vu1 u ii aiter
which it was allowed to warm to rt and stirred for an additional 60 min. The reaction was then recooled to -78
°C. In a separate flask Cul (0.77 g, 4.0 mmol) was dissolved in n-BuzP (4.7 mL, 19 mmol) and EtrO (5 mL).

The slightly turbid solution of Cul/n-Bu3P in Et;O was then tmnsferred to the organolxthxum prepared above
using additional Et;O (5 mL). The yellowish cuprate solution thus formed, was warmed to -40 °C and stirred for
[0 min after which it was recooled to -78 °C and allowed to stir for another 40 min. The aziridine 2316 (1.7 g,
5.0 mmol) was dissolved in Et;O (4 mL) and added to the reaction via cannula. The reaction was stirred at -78
°C for 30 min after which it was warmed to rt and stirred for another 30 min. The reaction was quenched by
adding sat. NH4Cl solution and the organic layer washed with sat. NH4Cl, brine, dried (MgSQOy4) and
concentrated. Chromatography (3% EtOAc in hexanes — 8% EtOAc in hexanes) provided 2.1 g ( 95%) of 24 as
a colorless oil. R¢ 0.4 (15% EtOAc in hexanes), [0]25p = +11.61° (c 1.1 EtOAc), 'H NMR (CDCl3, 250 MHz),
8 7.66 (4, 2H, J = 8.1), 7.39 (m, 2H), 7.25 (m, 3H), 7.17 (d, 2H, J = 8.3), 5.31-5.21 (m, 1H), 5.09-5.01 (m, 1H),
471 (d, 1H, /= 8.27), 3.28 (dd, 1H, J = 3.4, 10.2), 3.22 (dd, 1H, J=4.3, 10.1), 3.10-3.03 (m, 1H), 2.29 (s, 3H),
1,79-1.69 (m, 2H), 1.57 (d, 2H, J = 8.50), 1.40-0.09 (m, 4H), 0.75 (s, 9H), 0.17 (s, 6H), -0.12 (s, 3H), -0.14 (s,
3H). 13C NMR ( CDCl3, 62.5 MHz), § 143.1, 138.8, 138.4, 133.6, 129.58, 128.9, 127.7, 127.6, 127.1, 125.1,
64.1, 54.9, 31.7, 26.7, 25.8, 25.6, 21.4, 18.2, 17.6, -3.3, -5.6. Anal. Calcd for C25H47N0O385i2S+0.25 HyO: C,
59.78; H, 9.53; N, 2.78. Found C, 59.69; H, 9.52; N, 2.67.

FE ¥ » 2N BiVq ) SIUONGNYS U [ SRS N1 B AV B 7 RUGYE TPEN RN MR L UEES [ SR | PR SR L T 7] e A LISURTS M AU [ b D Ty Ry
(O£ )- 1-{ UIMEINYIPNENnYisiy1jo-| {#-iMewnyipreiy )Sunonyi jamino->-| ({ Duily1aimneunyi jsiny1 joXo-non- z-ene
(25). This reaction was carried out using the same procedure described for the preparation of 24 except iodide
10 /7885 o 21 Q mmnl) wag g ad Chramatnaranhy (20 FtO A in havanace A RO, Bt A~ inm havanace) nravidad
iAF \ 1.JJ 5, w7 llllllUl] wad uduia \JlllUlllﬂlUél“lJlj \J U LANJ AL AL LIvAQLUIVD 7 7 O /U A/ AWy Al Jl\//\ﬂll\n)] lJlUVlu\.tu
2072 o ONDIN ~£ AE nc o mnlaclace ~il DREN AN 1RO LE¢MNA A in havanac N Fe1285 — 417N f. 12 EeNAA LT
3.55 g (5U%) OI 45 as & COIONIesS Oli. iy U.4U (15% ClUAC 1 neXanes), (0D = +1/.2 (€ 1.3, ctUAC), 'n
NIRATY 74T NEN RATT N R TTA A ALY T O M\ "7 AQ fena DIIN T 2A femn 2ATIN 71 N&E 74 NIT T_— O 1\ & 12£ & N1N&K
NMR (CDLi3, 250 Mz, 0 /.74 (4, 211, J = 6.U), /.40 (I, 2}, /.54 (I, o01), /.25 (Q, 211, J = 8.1), 3.50-3.25
(m, 1H), 5.22-5.13 (m, 1H), 4.82 (d, 1H, J = 8.3), 3.41(dd, 1H,J = 2.9, 10.0), 3.31 (dd, 1H, /= 4.1,9.74), 3.21-
212/ THY 272 /¢ Y 1 Q4170 (rn ?7HNY 1 A6 (A 7TH T =R AR 1 4A. 1 WG (m 2HY 1201 11 (m 4H)
.10 Ul 1:1), 4.0 Dy JEL)y 1.0 1.7 7 (illy &il)y LUV Uy &ldy, J = U.TUJ, 1LTUT LIV 4d, L11), 1.4V 1.0 1 L1y TEL),
NR2¢c QN N4 (¢ 6H) 004 (¢ 3HY 006 (s 3H) 13C NMR (CDCl: 625 MHz ) & 143 0, 138.8, 1384
V.0J Oy 711, V.LU \3, ULlJ, SU.UT 3y JIkJ, TV.UU 5, Jiij. = INIVEIN (sl Vsl dveLl 4 )y U 15247, 1J06.0 s 20T 5
133.5, 129.5, 128.9, 127.9, 127.6, 127.0, 124.7, 64.1, 54.9, 32.0, 29.3, 26.6, 25.8, 25.2, 21.4, 18.1, 17.5, -3.3,
-5.7. Anal. Caled for CagH49NO1SisS: C, 64.34; H, 8.64; N, 2.50. Found C, 64.66; H, 8.93; N, 2.59.

(R)-2-[6-(Dimethylphenylsilyl)-hex-4-en]-N-[(4-methylphenyl)sulfonyl]-aziridine (26). n-BusNF (1.43 mL
of a 1 M solution in THF, 1.43 mmol) was added dropwise over 5 min to a solution of 24 (710 mg, 1.30 mmol)
in THF ( 1.30 mL) at 0 °C. The reaction was stirred for 30 min after which it was diluted with water. The
aqueous layer was then extracted with EtOAc (3 x 3 mL) and the combined organic layers were washed with
brine, dried (MgS0O4) and concentrated. The crude product thus obtained was dried under vacuum (2 mm Hg)
overnight and used without any further purification. The crude alcohol obtained was transferred to a flame dried
flask containing triphenylphosphine (380 mg , 1.43 mmol), using THF (6.50 mL) and the resulting solution was



cooled in an ice bath. Diethylazodicarboxylate (0.230 mL, 1.43 mmol) was added to the reaction over 5 min via
a syringe and the reaction was then allowed to stir for 3 h after which the solvent was removed in vacuo. The
resulting thick oil was triturated with hexanes resulting in precipitation of a white solid (Ph3PO), which was
filtered to provide a solution which was then concentrated. Chromatography (10% EtOAc in hexanes) provided
455 mg (85% from 24) of aziridine 26 as a colorless oil. Data was the same as that reported for 21 except
[0]23365 = +8.5° (¢ 1.0, EtOAC).
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extracted with CHCI: ( 7() mL) and the combmed organic lavers were drled (MQSO4 and concentrated
Chromatography (7% EtOAc in hexanes) provided 376 mg (65%) of 28 as a colorless oil. Rr0.25 (8% EtOAc
in hexanes). [a]?5p =-117.7° (¢ 1.7, EtOAc), 'H NMR (CgDg, 270 MHz), § 7.63 (d, 2H, J = 8.2), 7.53 (m, 2H),
7.22 (m, 3H), 6.81 (d, 2H, J = 8.2), 3.25 (m, 1H), 3.14 (dd, 1H, J = 9.0, 11.1), 3.0 (dd, 1H, /= 6.8, 11.1), 2.36
(dd, 1H, J = 3.0, 14.8), 1.92 (s, 3H), 1.87 (m, 1H), 1.62 (m, 1H), 1.62-0.9 (m, 7H), 0.26 (s, 6H). 13C NMR
(CDCl3, 62.5 MHz) & 143.0, 138.6, 135.7, 129.4, 129.3, 129.1, 127.9, 127.8, 61.5, 55.0, 49.3, 40.3, 30.9, 27.1,
257, 21.4, 19.3, -2.1, -2.4. Anal. Calcd for Cp3H31NO32SiS: C, 66.78; H, 7.55; N, 3.39. Found: C, 67.16; H,
7.65; N, 3.30.

(IR, 3aR, 6aS)-N-[(4-Methylphenyl)sulfonyl]-1-[(dimethylphenylsilyl)muethyl]lhexahydrocyclopentalc]
pyrrole (30). This bicycle was prepared using the same general procedure as described for 28, except, aziridine
26 (1.6 g, 3.8 mmol) was used. Chromatography (7% EtOAc in hexanes) provided 0.97g (62%) of bicycle 30 as
a colorless oil. Data was the same as that reported for 28 except [¢t]25p = +115.0° (¢ 0.8, EtOAc).

(1S, 3aS, 7aR)-N-[(4-Methyiphenyl)suifonyij-1-[(dimethyiphenyisilyl) methyljoctahydro- i H-isoindoie (32)

d( R ab 7as )-N-[(4-memylpnenyl)suuonyu 1-[(mmemylpnenylsnyl) memyuoaanyaro iH-isoindoie
(33). This bicycie was prepared using the same general procedure as described for 28 except, aziridine 22 (45
ns N 1T e al) wxsac signd FMhvanoentnsmanhy (E0- THNA - in havanac) neavidad 37 o (K70 ~F 22 ne a ~nnlarlace
1115, v.il uug lUl) Wadd UdCU. CUillv. lldLUél lJlly \J /0 LIl 11 LICAALIOD ) PIUV UM L7 11 \J 7 /U) 1 JJ 4Ad @ VULIULIVDD
A1 Miotn Fan 2. DEN AL /00 TN AA i havanacl [T ANMD 70T, YT MIT K 78474 2T 7T Q0Y 741
Ull. dla 101 J&. I\ V.o (070 LU AL 1l D) L1 INIVIIN AL/ 1S, L7V IVILEL ), O 1.0U \My &X1, J — O.7), 1.7}
S &LV 1874 AL T _ 09N 224272 (en 2N D27 /e 2EIN D20A/(AA 11T T 272 12M 1 AS (v D2HNY 1 §8_
L, 061y, /.19 (U, L11, J = 0.4}, J.I09°0.40 (L, JE1J, L. 7 (3, JE1J, LUT QUU, 111, J — JhJ, 1J.U), 1.UJ (1L, &i1), 1.7
117 fn OLIN N AN (e 1LIN N AT (o 2LTY N 2N 7o 2N 130 NIMD (T, AY S MHEH2Y 8 1492 120 § 124 S
L.1D (1L, 011}, V.7V (111, 111), V.JL D, JI1), V.JVU (O, JiL1). LOLVAVIIN (Vv 3, Ukl VAL ) U 47400, 1504, 1070,
17277 1704 170N 177 Q 1YVT & K27 AQOQ A1 Q0 241 24€ 942 277 214 MK 1Q1 .71 974 Anal
133,71, 147.9, 147.U, LL1.0, LL7.0y, UI.1, ¥7.7, FL.7, IU. 1y LT.Qy LTT.Jy adesly L1.77y LULTy 10.1y “&uly “&eV, L311GE.
Calnd for O T NNLCiQ-  £7 AN- 1 7 77- 227 Found: C. 67 61 778 N 314 Data for 33: R- 027
Latll 101 CO4ANAZFINIZO0S. Sy UT T, Ty 07 19 18y Jodei s 1 UWLILL Sy UTaay 20, 1000, 45y i AFQWA 20l AN Vee )
Q0L Bt A, in havanao) Tv125. =420 7° (06 FtQOAR) NMR (C:D. 250 MHzY & 772 (4. 2 JT=82
\O 70 LANTON 1L HIVAGLIVI ). W] D Vr T \L VU 2RSSRV gy T RA ANAVEAAN ANAr )y LN AVARRL S, U P& My Siiy v oL/,
TEA (A YT T=2MN 722 fm IHY ARN(A ) T=R3N A0(m 1HY 346 (dd 1 I=69 9 1Y 253{dd. 1H
FOUU Uy Ally J = OV j, 7.0, \11ly JE1Jy WUV \My Lsiy v Cadjy Tas (aidy AdaRjy STV (MR, dak, 0 ATy Fed gy el (e 2 2
J=92,10.5), 1.86 (s, 3H), 1.45-1.08 (m, 7TH), 1.0 (dd, 1H, J = 7.4, 15.0), 0.89-0.61 (m, 4H), 0.59 (s, 3H), 0.57
(s, 3H). 13C NMR (CDCl3, 62.5 MHz) & 1428, 139.1, 135.0, 133.7, 1294, 129.7, 127.7, 127.4, 60.3, 53.3,
49.4,40,1,293,26.6,253,25.1,21.4,207,-1.9,-2.1
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(18, 3aR, 7aR)-V-[(4-Methylphenyl)sulfonyl]-1-[ (dimethylphenylsilyl) methylJoctahydro-1H-isoindole (35)
and (18, 3aR, 7aR)-N-[(4-methylphenyl)sulfonyl}-1-[(dimethylphenylsilyl) methyl]octahydro-1H-isoindole
(36). This bicycle was prepared using the same general procedure as described for 28 except, aziridine 27 (0.50
g, 1.2 mmol) was used. Chromatography (5% EtOAc in hexanes) provided 0.27 g (55%) of 36 as a colorless
oil. Data for 35 was the same as that reported for 32. Data for 36 was the same as that reported for 33 except

[0]25p = -40.52° (¢ 0.2, BtOAC).

yiphenyi)suifonyij- l-nyaroxyme hy exahydro-cyciopenta[c]pyrroie (38). A
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J=7.1,12.1),375¢(
: ,112),2 40(s 3H), 2.18-2.09 (m, 1H), 1.70-1.30 (m, 3
MHz) & 1438, 1333, 129.7, 127.8, 65.2, 63.4, 55.4, 47.8, 41.0, 30.4, 26.6, 26.2, 21.4. Anal. Caled for
C15H1NO1S: C, 60.99; H, 7.17; N, 4.74. Found: C, 60.74; H, 7.34; N, 4.61.
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(18, 3aS8, 6aR)-N-[(4-Methylphenyl)sulfonyl]-1-carboxylic acid hexahydro-cyclopentafc]pyrrole (39). To a
solution of 38 (160 mg, 0.542 mmol) and NalO4 (350 mg, 1.62 mmol) in CCly (1.10 mL), CH3CN (1.10 mL)
H,0 (1.65 ml), and RuCl3*3H;0 (2.4 mg 0.012 mmol) was added. The reaction was stirred at room
temperature for 18 hours, diluted with H,O (10 mL) and extracted with CHCl3 (3x5 mL). The crude mixture
was then extracted with sat. aq. NaHCO3 (3x10 mL). The aqueous layer was acidified with conc. HCI to pH 3,
and then extracted with CHCl3 (3x10 mL). The organic phase was dried (MgSO4) and concentrated to give 115
mg (69%) of 39 as a colorless oil. Rf0.29 (EtOAc) [a]?5p =-57.6° (¢ 3.6, EtOAc), 'H NMR (CDCl3, 250
MHz), 6 8.78 (s (br), 1H), 7.73 (d, 2H, J =8.1), 7.29 (d, 2H, J = 8.0), 4.43 (4, 1H, J =9.1), 3.59 (dd, 1H, J =
9.0, 10.9), 3.06 (dd, 1H, J = 8.2, 10.6), 2.92-2.79 (m, 1H), 2.40 (s, 3H), 1.78-1.35 (m, 7H) 13C NMR (CDCls,
62.5 MHz) & 175.8, 143.8, 135.0, 129.7, 127.6, 63.9, 53.8, 47.5, 43.6, 29.5, 27.9, 26.2, 21.5. Anal. Calcd for
C1sH1gNO450.25 H20: C, 57.40; H, 6.26; N, 4.46. Found: C, 57.68; H, 6.28; N, 4.25.

(18, 3aS, 6ak)-1-Carboxyiic acid hexahydrocyciopenta[c]pyrmie hydrobromide (1). Phenol (0.99 g, 10.5
mmoi) was dissoived in 10.0 mL of 32% HBr/AcOH. In a second fiask, 39 uw mg, U 33 mmoi) was dissoived
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140 mg, 0.338 mmol) was used. Chromatography (30% EtOAc in hexanes) provided 80 mg (80%) of 40 as a
colorless oil. Data was the same as that reported for 38 except [ 0]25n = +64.35° (¢ 0.2, BtOAc).

yd_rn-nvnlnnpnta[r]nvrrnlp (40). This
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(1R, 3aR, 6aS)-N-[(4-Methylphenyl)sulfonyl]-1-carboxylic acid hexahydro-cyclopentalc]pyrrole (41). This
bicycle was prepared using the same general procedure as described for preparation of 39 except bicycle 40 ( 30
mg, 0.10 mmol) was used. Acid-base extraction (as described for 39) gave 21 mg (66%) of 41 as a colorless oil.
Data was the same as that reported for 39 except [a]25p = +57.8° (¢ 1.0, EtOAc).

(1R, 3aR, 6aS)-1-Carboxylic acid hexahydrocyclopenta[c]pyrrole hydrobromide (2). This bicycle was
prepared using the same general procedure as described for preparation of 1 except acid 41 ( 70 mg, 0.23 mmol)
was used. Rotary evaporation of the aqueous phase gave 55 mg (100%) of 2 as an orange solid. Data was the
same as that reported for 1 except [0]23578 = +36.5° (¢ 0.2, IM HCl).

(1R, 3aS, 7aS)-N-[(4-Methylphenyl)sulfonyl]-1-hydroxymethyloctahydro-1H -isoindole (42). This bicycle
was prepared using the same general procedure as described for 38 except, bicycle 33 (211 mg, 0.493 mmol)
was used. Chromatography (30% EtOAc in hexanes) provided 102 mg (66%) of 42 as a colorless oil. Rf 0.36
(15% EtOAc in hexanes) [a]25p = 4+4.6° (¢ 0.6, EtOAc), lH NMR (CDCl3, 250 MHz), § 7.69(d, 2H, J = 8.2),
7.29 (d, 2H, J = 8.1), 3.71 (m (br), 1H), 3.62-3.55 (m, 3H), 2.94-2.88 (m, 1H), 2.53 (dd, 1H, /= 8.8, 11.0), 2.40
(s, 3H), 1.82-1.58 (m, 5H), 1.20-0.71 (m, 5H). 13C NMR (CDCls, 62.5 MHz) 143.5, 133.8, 129.6, 127.6, 63.9,
63.2,54.2,46.9, 41.4, 29.1, 25.9, 25.5, 25.1, 21.4. Anal. Calcd for C;6H23NO3S: C, 62.11; H, 7.49; N, 4.53.
Found: C, 62.22; H, 7.45; N, 4.42.

(1R, 3a8, 7aS)-N-[(4-Methylphenyl)sulfonyl]-1-carboxylic acid octahydro-1H-isoindole (43). This bicycle
was prepared using the same general procedure as described for 39 except, alcohol 42 (100 mg, 0.323 mmol)
was used. Acid-base extraction (as described for 39) provided 85.4mg (83%) of 43 as a white solid. Rf0.29
(Et0Ac) [a]?5p = +10.0° (¢ 0.4, EtOAc), mp 189-191°C, 'H NMR (CDCls, 250 MHz), § 7.73 (d, 2H, J =
8.4),7.31(d,2H,J=8.1),4.25(d, 2H, J=8.9),3.63 (dd, 1H, /= 6.5, 8.2), 2.69 (dd, 1H, J = 8.3, 10.5), 2.42 (s,
3H), 1.89-1.65 (m, 5H), 1.50-1.38 (m, 1H), 1.19-0.85 (m, 4H). 13C NMR (CDCl3, 62.5 MHz) 176.0, 143.7,
134.9, 129.7, 127.5, 63.0, 53.0, 47.7, 41.7, 28.6, 26.8, 25.0, 22.6, 21.5. Anal. Calcd for C1gH7{NQ45¢0.50
H,0: C, 57.81, H, 6.67, N, 4.21. Found C, 57.65, H, 6.32, N, 4.01.

(1R, 3aS8, 7aS)-1-Carboxylic acid octahydro-1H-isoindole hydrobromide (3). This bicycle was prepared
using the same general procedure as described for preparation of 1 except acid 43 (65 mg, 0.20 mmol) was used.
Rotary evaporation of the aqueous phase gave 43 mg (86%) of 3 as an orange solid. Data was the same as that
reported for 4 except [®]25578 = +19.5" (¢ 0.2, IM HCI).

(18, 3aR, 7aR)-N-[(4-Methylphenyl)sulfonyl]-1-hydroxymethyloctahydro-1H-isoindole (44). This bicycle
was prepared using the same general procedure as described for 38 except bicycle 36 (214 mg, 0.500 mmol)
was used. Chromatography (30% EtOAc in hexanes) provided 134 mg (87%) of 44 as colorless oil. Data was
the same as that reported for 42 except [0]25p = -3.5" (¢ 0.6, EtOAc).

(1S, 3aR, 7aR)-N-[(4-Methylphenyl)sulfonyl]-1-carboxylic acid octahydro-1H-isoindole (45). This bicycle
was prepared using the same general procedure as described for 39 except alcohol 44 (151 mg, 0.487 mmol)
was used. Acid-base extraction (as described for 39) provided 122 mg (77%) of 45 as a white solid. Data was
the same as that reported for 43 except [a]25p = -9.0° (¢ 0.3, EtOAc).

(18, 3aR, 7aR)-1-Carboxylic acid octahydro-1H-isoindole hydrobromide (4). This bicycle was prepared
using the same general procedure as described for 1 except acid 45 (110 mg, 0.340 mmol) was used.
Concentration of the aqueous phase gave 68 mg (80%) of 4 as an orange solid. [0t]25578 = -16.1° (¢ 0.4, H20).
mp decomposes >170°C. 1H NMR (D0, 400 MHz), § 4.17 (d, IH, J = 8.8), 3.43 (m, 1H), 2.68 (t, IH, J =
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11.5), 1.73-1.65 (m, 3H), 1.65-1.32 (m, 3H), 0.09-0.75 (m, 4H). 13C NMR (D0, 100 MHz) § 158.1, 48.8, 36.7,
324,272,139, 13.0, 11.2, 10.7. FABMS (M+H) calculated for CoH;sNO;, was 169.110, found 170.120.
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