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a-ACYLAMINO RADICAL CYCLIZATIONS USING ALLENES AND VINYLSILANES AS ADDENDS: APPLICATIONS TO
THE SYNTHESIS OF (+)-HELIOTRIDINE AND (-}-DIHYOROXYMELIOTRIDINE
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Abstract: Total syntheses of the pyrrolzidine bases (+)-hekotridine (4) and (-)-dihydroxyhehotricane (S) from (S)-3-
acexysuccnimide are descrided. The syntheses of 4 and S revoive around iree rasical Cyciizations invoiving the use of alenes and
vinyisdanes. respectively, as addends.

The pymolizidine skeloids are a large class of naturally occuning compounds isolated primarity from a variety of plant sources
throughout the world.! These akaloids exhibit diverse biological activity inCluding antiumor, hypotensive, local anesthetic and
antiinflammatory properties.2 Pyrrollzidine akalokis are commonly isolated as esters of polyhydroxylated pyrrolizidine or “necine”
bases. Several exampies are shown In Figure 1. Thus. the antitumor aQent Indicine- N-oxise (1) is derived from retronecine (2) and
heliosupsne (3) is dertved from heilotriiine (4). A large number of approaches 10 optically active necine bases have been deveioped
during the past decade 7 Carbolydrates and amino acids have been among the chiral educts used in a number of these eftorts 4.5
Out own studies have tocused on the use of maiic acid as a source ot chiraiity and the deveiopment of methods for contruction of the
C(7)-C{7a) bond has guiied our synthetic efiorts.53 We inlally used A-acySminium ion cycizations to construct thes bond® and tater
umed 10 a-aCylamino radical Cycitzations (0 the same purpose.” This paper describes studies CesiGNed 1o determineg the efficacy of
akenes and vinylskanes as sddends In a-acylamino racical cyclizations within the context of synthesas of («+)-hekolridine (4)° snd (-)-
aihydroxyhalotriding (5)19
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ALLENES AS ADDENDS: SYNTHESIS OF (+}HELIOTRIDINE (4). Only recently have alienes begun 10 see use as addends n
iree radical cyctizations. Pattenden has examined the ntramolecular addition of kelyts 10 allenes within the context of sesquiterpene
syrihesis 1! Photochemical vartants of this bond construction have aiso been reponied by Cossy and Portelia.'2 Tri-n-butyRin radical
mediated carbon-halogen'? or carmbon-seienium!4 bond homolysis folowed by addtion of the resulting radical 1o sllenes has been
reported by Crandall and ourselves. Earty studs 1rom our laboratories demonsirated thal such cycizations could be used to gain
rapid entry 10 both pyrrolzicine and indolizickne nng systems *4 In an aftempr 1o evaluale stereochemical aspects of these reactions,
we undertook the synthests of (+)-hetiotriding shown in Scheme 1.

Mitsunoby coupting of (S)-3-acetoxysuccinimede (6)8-82 with 2,3-butadien-1-01 (7)'€ gave mice 8 In 87% yield '7 Reduction
of 8 using sodium borohycride In methanot®-82.15 (ollowsd by Stegiich acetylation of the resulting sicohol § gave lactam 10 In 78%
overall yieid.'$ Treatment of 10 with selenophenci and a catalytic amount of ploluenesulionic acid monahydrate gave tree racicsl
precursor 11.(n 98% yield. Tramtmaent of selenide 11 with ir-n-butyin hydrde and azobis(isobutyronirile) (AIBN) In benzene under
refiux afforded a mixture of four Cychzation products (12-15). The major product (12), denved trom atiack of the allens on the radical
1ace opposiie the aceioxy Qroup and exocyclic reduction of the resulting allylic redical, was isolated i 40% yield as a crystalling solid
afer chromatography. The product derived from endocycic reduction of the same altylic radical (13) was aiso iesisted in 11% yield

Finally. pyrrolzidinone 14 was lsciated in 17% yleld, contaminated by what appeared to be a small amOunt of isoMmerc pywolzidinons
15
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Scheme |: Tota! Synthests of (+)-Hekotrdne ( 4)
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Athough the overall yleld of Cyclization products was acceptabis, the dlastersoseiectivity at C(7a) was disappointing
compased 1o that observed In other Cycilzation reactions involving attack of a-acylamino radicals st sp-hytridized carbon. For exampie
radical 16 atiords an 18:1 ratio of products dertved from attack anti or syn to the C{4) acetoxy group, respeciively, and 17 affords only
NAokZIINONes derived from attack opposite the C(4) acetoxy gl'ou;).""19 Nonetheless it was possible to prepare gram quantities of
12 via this method.

The synihesis of {+)-heliotridine (4) was compieted in three simyie steps as outlined in Scheme |. Thus, oxidation of 12 using

selenium Gioxide loowed by acstylation of the resuling mixture of alcohols gave diacetate 18 in 26% yielo along with 30% of
recovered 12. Tremiment of 18 with Rhium ajuminium hydnde afforded & S3% yield of 4. entical i all rESPACTS 10 8 $aMpIe of the
natural product. Ahough the overal yield of {+)-hetiotriiine was not high (4.3% from 8). the brevity of 1he sequence makes i the
shonest synthesis of 4 known.
VINYLSILANES AS ADDENDS: SYNTHESIS OF (-)-DINYDROXYHELIOTRIDANE (S). (-)-Dihydroxyheliotridane (S) is 8
pyrrolizidine ol that was originalty isoisted from the hycdrogenation of {+)-hebiotridine (4) over Raney nickel. This base does notl
2ppear 10 be a natural product although two syntheses of 5 in racemic torm have been reported.20 In earker racical cychzation studies
rected toward the synthests of simpier pyrrokzidiing bases, we descrived several addends that eventually detivered a hycroxymethyl
group 10 C{7) of the pyrrolizidine nucieus.2! 1n an attempt 10 dekver the ubiquitous C(7)-Nydroxymethyl group in a more efficient
manner. we decided 10 examine e use of a vinyisilane as an enol equivalent within the context of a radical cyciization route to S.
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The preparstion of the required radical precursor (25) is described in Scheme I, Sequential trestment of acetylene 1922 with
nbutyllithium and chiorodimethyiphenyisiane aftorded silylacetylane 20 in 94% yield. Hydroboration of 20 followed by sequential
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Treatment of 21 with imice § in the presence of triphenyiphosphine and Gisthyl azodicarboxylste gave a 96% yield of coupling
product 22. Regioselective recuction of 22 followed scetylation of the resulting aloohol 23 gave 24 (86%) as & 10:1 mixture of C(5)
dlastereomers. Treatrment of 3% with 3 IMAING SMOUNt of thiophenoi (0.5 equivaienis) I P-ICLENESUEONIC BCI QIve B $4% yieki of
racical Cychzation precursor 28 (contamingted with 5% of the trans vinylsilsne 28) along with 29% of recovered 24. The use of less
than one equivalent of thiophenol was imporant in the conversion of 24 to 25. For exampis, when 1.5 equivalents of thiopheno! was
used, 8 §5% yieid of & 1.3:1 mixture of 25 and 26, respectively, was oblained.24 The lsomertzation was undouttedly caused by the
oxcoss thiophenol as treatment of cis imide 22 with 0.5 equivalents thiophenol under acidic conditions gave an 82% yieid of rans
imice 27.
Table 1. Products Obtained From Fres Radical Cycizations of 25 and 26

PhMe SI——, |y OAc  Phide,Si u Ohe W OAc PhieS OAC PhMm,8I— , OA
TS TS TR
» ° » ° » ° N

N
o 2 ©
Radical Precursor %28 %28 %0 Y %32
25426 (18:1) 8" 10° 18° 3¢ .
28 +28(1.31) ae* 1° WF ) R

(@) lecinted as 8 Mxtre with 29 and 31 (D) solated 88 8 mixtre with 38 and 31
(6) mixare of tree & by GC-MS (<) lsolated &8 & mixhure with 28 and 29

We next examined the critical radical cyciization. Treatment of an 18:1 mixture of 25 and 26, respectively, with tr-n-Butyftin ydricde
and AIBN In benzens under retiux gave the mixture of the products shown in Table |. Thus, the radical dertved from 25 gave a 73%
yleid ol a 6:1 ratlo of pyrolizidinones 28 and 29, respectively, along with 18% of 8 muxture of isomeric indolizksnones (30) and
reduction product 31 (3%). ARhough the separation of 28 and 29 was difticul. pure 28 1or subsequen use in the synthesis was
obtained in gram quantiies by careful column chromatograptty. The stereochemecal course of this cychzalon is notabis. Fust, the 4:1
exo-endo Cyclization sslectivily (28+20.30) was disappointing In companson with results obtained with less highly tunctionaiized a-
acylamino radicals. 25 Second, within the pymolizidinone mandold of products, the 6:1 ratio of 28°29 was consistent with prior
observations. 2! Finally, we note that the reduction product (32) was exclusively the irans geometrical rsomes. This could be the resuk
of either a pronounced cycization rete diference between the racicals dertved from 25 and 26 or a tri-n-butyRin radical mediated olefin
isomarnization uncer the reaction conditions. The later explanation seemed ressonable as such oletin isomerizations are wel
known. 28.27 Thig cbservation 2180 supgested at the low x0-endo Cyciization ratio might be due 10 isomerization of 28 10 26 prior 10
cyclization. Eanier observations in our laboratories sugpested that the trans oselin (26) would be expecied 10 exhib#t exo-endo
seloclivity in the observed range 25 Thus, we examuned the cyclization of the aforementioned 1.31 mixture of 25 and 28,
respectively. In accord with the proposed isomerization. this cyclization provided nearly the same resulls as those obtained in the
cychzation of the 18.1 mixture of 23 and 26.
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The synthesis of (-}-Obwaroxyheliolridane was completed as cutiined in Scheme 111. Thus, oxidation of 28 using conditions
Geveloped by Fleming gave & separabie mixure of sicohol 33 (80%) and diol 34 (9%).28  ARrhough these compounds were
contaminated with M-Chiorabenzoic ackd, thilr structural reistionship was established by independently converfing them (o diacetale
35. Finally, reduction of 34 with Ithium aluminum hydride gave (-)-dHhydroxyhefiotridane (S) that exhibted spaciral and physicel
properties in agreement with those reponed for material derved from hydrogenation of («)-heliotridine (4).10 In summary. an
onarticssisctive synthesls of (-}-diydroxyhedotridene has been accompiished in nine steps from alcoho! 19 (seven steps rom imide
6) In (16%) Overall yield (23% from 6). The synthesis features 1he use of a vinylsliane a8 an enoci equUivalert In g free racical cycitzation.
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Experimental Section

meling points are uNCOTeCIed &s &re bolling points. Prolon NUCIe &r MAgNSIC rESONANCe SPECIra were recorded on Varien
, Varian Associstes EM-J90, Bruker WP-200, Bruker AM-250, Bruker WM-300 or Bruker AM-500 spectrometers
reporied in perts per million from irsemal tetramethyisliane on the § scale uniess otherwise noted. The TH NMR spectra are
as follows: chemical shift | 8 = 8ingint, d » Goubiet, | = tripiet, q = QuANe, Qu = quintel, m = muipiet), coupling
In hertz, integration, inferpretation]. NMR spectra were obtained with Bruker WP-80, Bruker AM-250 or Bruker AM-500
meters. inirared speCs were taken with a Perkin-Eimer 457 insrument. Optical rotation data were obisined using a Perkin.
Emer 241 polarimeter at the sodium D Ine (1-mL sampie cefl). Mass spectre were oblained on Kratos MS-30 or Kratos VG70-250s
mmnmbm“w-umov‘ Sampies on which ex8ct Masses were measured exhiblled no significant pesks of m/e

3 parent lons of phemyfthio lactams, phenyiseienenyl lactams and several other COMPouUnds were
100 small for exact mass measurements 10 be obtained. In these cases, the fragmentation pattems were in accord with the assigned
siructures. Gas chromatographic (GC) analyses were performed on a Hewiett-Packare 5890 gas chromatograph using a 25 meter
phenyimethyisilcone capiiiary column and a Hewletl-Packard recording ho%m. Gas chromatography-mass spectroscopy was
pedormed on & Finnigan 4021 GCMS instrument at an ionization potential of 70 eV. Combustion analyses were performed by Micro-
Analysis, inc., Wimingaon, Delaware.

Soivents and reagents were dried and puriied pror 10 use whan deemed necessary: benzene, tetrahydroturan, and Glethy!
ether were distilled {rom Na meta!: methanol was distiled from magnesium methoxide: dichiboromethane and toluene were distilled
trom caicium hydride; dimethySormamide was distiied from barium oxide. AN reaction temperatures refer to those of the reaction
mixture and reactions AN Inert &tmMosphere were run under a blanket of aron. Tri-N-butyRin hydride was Preparsd according
10 & known procecure 4% Column chvomatography was pertormed over EM Laboratories silica gei (70-230 or 230-400 mesh).
Anasiytical thin-iayer chromatographty was performed with EM Laboraiories 0.25 mm thick precosted siica gel 60F-254 plates. Radial
Jisk chromatograply was perormed on & Harrison Research Chromatolron using plates coated with sillca gl and a CaSO, binder in

thicknessss of 1, 2, or 4 mm. Medium-pressure liquid chromatography (MPLC) was periormed on EM Laboratodes Lobar prepacked
shica gei coumns.

A
E
£

3 SrAcetyloxy- 1-(2,3-butadieny|)-2,5-pyrrolidinedione (8). To a stirred sokstion ot 7.00 g (44.6 mmol) of imids 6,88
3.39 9 (48.4 mmo) of 2,3-bustadien-1-ol (7)1 and 12.7 g (48.4 mmoi) of triphenyiphasphine in 70 mL of dry tetrahydroturan, cocled in
an ice bath, was added a solution of 8.43 g (48.4 mmol) of diethy! azodicarboxylate over a 45 min period. The resuRing solution was
stired at room temperature for 1 h and the solvent was removed In vacuo. The reddish-Drown residue was Iriturated with 90 mL of
eitryl acetate-hexane (3:7) and filered. The firate was concentrated in vacuo and the residue (16.9 g) was chromaitographed over
200 ¢ of shica gel (CH2CH2) 10 give 6.60 g (87%) 0f the allenic imide 8 as 3 colriess sold: Mp 46-48°C: [ajn?0 « -23.0° (¢, 1.76 CHCHy);
IR (CCly) 1960, 1745, 1720 cnv; TH-NMR (COCl3. 200 MHz) 8 2.17 (8, 3H. CHy), 2.67 (4d, J= 19, 5 Hz, 1H, COCH3), 3.19 (dd. J «
19, 9 Hz, 1H, COCHy), 4.124.21 (m, 2H, NCH,), 4.81-4.92 (m, 2H, «CH3), 5.15-5.28 (m, 1H, CH), 5.49 (dd, J = 9. § Hz, 1H,
CHOAC): 13C-NMR (COCl3) §20.30 (Q). 35.56 (1), 38.87 {1). 67.32 (d), 77.76 (1), 84.92 (d), 169.56 (s). 172.48 (s), 172.73 (8). 208.49
(9). oxact mass caiod for C1oH11NO,4 mye 209.0688, found nve 209 0672.

Anal. Calod for C1oH11NO4: C, 57.41.H,5.30; N, 6.70. Found: C,57.51: H.549; N, 6.82.

(4S,3RS)-4,5-Discetyioxy-1-(2,3-butadienyi)-2-pyrrolidinens (10). To a stirred solution of 5.23 g (25 0 mmod) of
imide 8 In 200 ML of methenol, cooled 10 -20°C In a dry ice-acetcne bath, was added 3.00 ¢ (81.8 mmof) of sodium borohydride in
three oqusl portions at 15 min intervals while maintaining a bath temperature of -20°C. Fiftesn minutes afer the addtion of the last
portion of sodium borohydride, the reaction mixiure was poured into a mixture of 40 mL of saturated aquecus sodium bicarbonate, 40
mi of water and 500 mi of dichioromethane. The organic phase was separated and the aquoous layer extracted with two 200-mL
portions of dichioromethane. The combined organic tayers were dried (MgSO,) and concentirated in vacuo. The residual pale yellow
oll was dissoived in S0 mi of dichioromethane and 5.05 g (50 mmoi) of triethylamine, 5.10 g (50.0 mmol) of acetic anhyaride and 20
mg of 4-(N,N-dimethylamino)pyridine was added in sequence The mixture was stimed for 45 min and panitioned between 100 mL of
dichioromethane and S0 mL of water. The organk phase was washed with two 70-mL portions of saturated aqueous sodium
bicadonate. 100 mL of saturated aquecus sodium chionde, dried (MGSO4) and concentrated in vacuo. The resisual o was
chromatographed over 100 g of slica gel (ethyl acetate-hexane, 2:3) 10 give 4.94 g (78%) of the diacetoxy lactam 10 as a pate yellow
oll: IR (neat) 1955, 1745, 1720 cmr !, TH-NMR (COChy. 300 MHz; major diastereomer) § 2.07 (s, 3H, CH3). 2.10 (s, 3H, CHy). 2.61 (dd.
J=16.7,89 Hz, 1H, COCH3), 2.75 (00, J = 16.6, 8.3 Hz, 1H, COCHy), 385 (q, J= 15.0, 83, 2.7 Hz, 1H, NCHy), 4.20 (qt, J= 15.1,
8.2, 3.3 Hz, 1H, NCH2), 484 (R, J= 8.2, 2.8 H2, 2H, =CH3). 5.09 (qu. J= 6 3 Hz, 1H, «CH), 5 34 (10. J = 8.4, 5.3 Hz, 'H. CHOAL),
8.40 (d. J = 5.3 Mz, 1H, NCHOAC); 13C-NMR (CDCl3, peaks due lo major diastereomar) & 20.28 (q), 20.51 (q). 33 80 (1), 39.17 (1),
65.93 (d). 77.11 (), 81.39 (1), 85.81 (d), 169.681 (s), 169.87 (). 171.01 (8), 208.96 (8); exact mass caicd tor C12H sNOg mve 253.
0950, tound mve 253.0949.

(4S8.5RS)Acetytoxy-1-(2,3-Dutadienyl)-3-phanylssienyl-2-pyrrolldinone (11). To & stimed soksion of 1.18 g (4.68
mmol) of discetoxy lactam 10 and 0.75 g (4.80 mmol, 0.51 mL) of sesenophenot3® under arpgon was added 20 mg (0.11 mmol) of p
toluenesulionic acid monohydrate and the resulting mixture was stired for 56 min. The reaction mixture was chromatographed

directly over 50 g of sliica gel (ethy! acetate-hexane, 3:7) 1o afford 1.60 g (38%) of castereomeric phenyiselenyfiactams 11 as a pale
yeoliow oil' IR (neat) 1955, 1745, 1705 cm''; "H-NMR (CDCly. 200 MH2) 3 1.88-2.52 (m, with two $'s 81 2.04 and 2.17, 5H, COCHg and

CHg), 3.56-3.79 (m, 1H, NCHyp), 4.5 (m, TH, NCH2), 4 80-5.50 (m, SH. CHOAC, NCHS8, CHzeC=CH), 7.23-7.61 (m, SH, AH); 13C-
NMR (CDCh, 25 of 28 signais observed) & 20.70 (@), 20.83 (q). 34.95 (1). 36.23 (1), 38.78 (1), 39.10 (1), 66.68 (), 68 23 (d), 68.61 (d).
74.30 (d). 77.05 (1), 85.29 (d). 125.21 (s). 126.49 (s), 126.79 (d). 129.17 (d), 129.43 (d), 136.26 {d)), 138.65 (d), 169.80 (s), 170.25
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(s). 208.90 (8}, 208.16 (s); mass spectrum, mve (relative intensity) 196 (11), 194 (M*-CeiHgSe, 88), 142 (37), 124 (80), 100 (18), 82
{87). 43 (100): sxact mass cakxd 1or C1gH12N0y (M*-CeHgSe) me 194.0817, found e 194.0797.

(18-Cis)1-Acetyieny-T-methyl-1,2,8,7e-tetrahydro-3N-pyrroiizin-3-one (12), (13-Cis)-1-Acstyloxyhexs—
hydro-7-methytene-3N-pyrrelizin-3-one (13) and (1 S-Trang)-1-Acetyloxy-7-mathyl-1,2,.§,7¢-tetranydro-3SN-
pyrroitzin-Sons (14). To s sokution of 3.95 g (11.3 mmol} of phefryissienyliaciam 11 in 105 mL of dry, degaseed benzene under
reflux was added a sobstion of 5.00 g (17.2 mmol, 4.6 mL) of tr+-n-butyltin hydride and 115 mg of ATBN In 115 M of dry, degassed
berzene over 4 9 h perod. The mixture was warmed under reflux for 2 h, concenirated in vacuo snd e FEidLe PaNRioNed dItwesn
150 miL of scetonitrite and 150 mL of hexane. The layers were separsted and the hexane layer was extracted with 50 mi of
acetoniirile. The combined sceloniviie extracts were concentraled in vacuo to afford 3.82 g of a yellow Riquid which wes
chromatographed over & Lobar size C cokumn (sthyl acetate-hexane, 85:35; 400 mL folowed by 20 mi fractions). Fractions 28-44
gave 890 mg (40%) of pyrrolzidinone 12 as & white solid after buld-10-bul> distitation (bp 100°C af 0.35 mm): mp 59.5-81.5°C:
(alo?= +49.5° (¢, 1.08 CHCR). IR (CCY) 1745, 1700 et THNMR (CDCly, 200 MHz) 5 1.80 (br 8, 3H.=CCMa), 2.11 (3, 3H, COCH).
2.71 (00, J = 17, 9 Hz, 1H, COCHp), 2.88 (dd, J = 17, 8 Hz, 1H, COCHy), 3.68 (brd. J = 14 Hz, 1H, NCHy), 4.30-4.50 (m 2H, NCH2
and NCH), 5.19 (a1, J= 9. 7 Hz, 1H, CHOAC), 5.49 (br 8, 1H, «CH); '3C-NMR (CDCla) § 12.43 (Q), 20.74 (Q, 40.04 (1), 50.10 (1), 73.12
(d). 73.87 (d), 123.25 (). 13738 (s). 170.00 (8), 174.15 (5); Mass spectrum, m/e (relative intenglty) 198 (1), 186 (M* 1), 153 (18), 152
(7). 135 (51), 82 (100), 81 (84); sxact mass caicd for C1oH13NO3 Mve 195.0895, found mre 195.0895.

Anal. Calod 10r Cyghi1aNOy: C, 81.53; H, 8.71. Found: C, 6122, H,8.75.

Fractions 45-50 gave 61 mg (%) of 8 5:1 Mixiure of 12 and 13 by 'H-NMR analysis sRer bulb-10-bulb (etiltasion (bp 110°C st
0.40 mm). Fractions 51-72 gave 244 mg (11%) of 13 as 2 colortess o after buld-to-buld distilation (bp 115°C 8t 0.45 mm); IR (nest)
1745, 1705, 905 amr?; YH-NMR (COCly. 200 MHz) 8 2.12 (8. 3H, COCHg). 2.54-3.12 (m, 5H, NCHCHCw, COCHp), 3.97 (60, J = 12,
7.5 Hz, 1H, NCHp), 4.28 {br 8, 1H, NCH), 5.08-5.26 (m, 3H. =CHp and CHOAC). 13C-NMR (COCly) § 20.85 (q). 32.67 (1), 40.21 (1),
41.67 (1), 68.44 (), 73.38 (), 108.37 (1), 148.18 (8). 170.27 (s), 173.08 (s): mass spectrum, /m/e {relative intensity) 153 (M*-CoH20,
25), 135 (72), 82 (100); exact mass calod for CgHq yNO2 (M*-CoH20) mve 153.0790. found mve 153.0792.

Fractions 84-118 gave 379 mg (17%) of lactam 14 as a yeliow olf after bulb-10-bub distiation (bp 120°C at 0.45 mm),
contaminated with a small amount of meserias belleved 10 be laciam 15. Lactam 14: IR (neat) 1745, 1705 anr?; TH-NMR (CCl. 90 MHz)
§1.73 (br 5. 3H, =CCHyg), 2.00 (8, 3H, COCHy), 2.35 (d. J = 16 Hz, 1H, COCHp). 2.85 (dd, J» 16,5 Hx, 1H, COCHp). 3.65 (br d, J= 15
Kz, 1H, NCH2), 4.30 (br d, J = 15 Hz. NCHy), 4.82 (br 8, 1H, NCH), 5.47-5.67 (m, 2H, =CH and CHOAc); '3C-NMR (COCh) & 12.88 ().
20.68 (Q). 41.80 (1), 49.47 (1), 71.95 (d), 72.85 (d). 123.50 (), 134.38 (s), 169.82 (3). 174.80 (s); mass spectrum, nve (reiative
Intensdty) 153 (19), 135 (38), 134 (11), 62 (100). 81 (58).

{1S-Cis)-1-Acetyloxy-T-[(scetyloxy)}methyi]-1,2,5,7a-tetrahydro-3M4-pyrrolizin-3-one {18). To a stired sokuion
of 1.00 g (5.13 mmol) o sostcxypyrrolRzidinone 12 in 10 mi of acstic acid-acetic anhydride (1:1) was added 320 mg (2.88 mmol) of
freahly subiimed selenium dicxide and the mixture was heated 10 90-35°C under argon for 19.5 h. The resulting brownish-black
solution was pantitioned between 300 mi of dichibromethane and 100 M of saturated aqueous socium bicartonate. The iayers
wore separated and the bicarbonate layer was extracted wikh four 100-mi podtions of dichioromsthane. The combined omganic
phases were dried (MGSOy4). 1Rered through celite anc concentrated in vacuo 10 aftord 1.26 g of & dark brown odl.

The of was dissoived in 15 mi of dry dichicromethane and stired for 3 h with 300 mg (2.98 mmol) of triethyiamine, 304 mg
(2 98 mmol) of acetic anhydride and 30 Mg of 4-(N,A-dimethytaminjpyridine. The mixiure diluted with 120 miL of dichioromethane
and the organic phase was washed with two 35-ml poftions of satursted aqueous sodium bicarbonate and 35 mL of saturated
aqueous sodium chionde. The dichioromethane layer was dried (MgSOy), fiered through celite and concentrated in vacuo. 10 aftord
1.04 g of a dark brown od. This material was first chromatographed over 80 g of siica gel {ethyl acetmie-haxane, 2:1), followed by 8
Lobar size B column (ethyl scetate-hexane, 2:1) 10 give 297 mg (30%) of recovered lactam 12. Continued ekution attorded 381 mg
{28%) of GtacetoxypyTrORZKENONS 18 &8 & Drown oli: IR (nNeal) 1745, 1705 e {ajo?® = +36.2° (¢, 1.05 CHCh): 'H-NMR (CDCly. 500
MH2) 8 2.08 (8, 3H, CHa), 211 (8, 3H, CHy). 2.72 (dd, J= 18.4, 8.1 Hz, tH, COCHy), 2.88 (dd, J = 16.5, 8.3 Hz, 1H, COCH), 3.73 (tx
G. J= 16 Hz, 1H,NCHp), .48 (3q. J= 159, 2Hz, 1H, NCHp) 4.60 (Dr ¢, 1H, NCH), 6.74 (AB q, J = 14.3 Hz, 2H, CH20AC), 5.28 (&1, J»
8.6. 6.5 Hz. 1H, CHOAC), 5.89 (br 3, 1H, CHeC): 13C-NMR (CDCly) § 20.38 {q). 20.47 (q), 39.55 (1), 49.83 (1), 59.45 (1). 71.75 (O,
72.90 (d). 127.68 (d), 136.54 (s). 160.83 (s). 170.05 (s). 173.93 () mass spectrum, Ve (reigtive intenslty) 251 (5), 211 (7), 193 (M*-
C2H402, 48), 150 (61), 149 (83). 133 (70), 97 (31), B0 (92), 43 (100); exact Mmess calod for CyoHq1NO3 (M*-C2H O7) nve 193.0739,
found mve 183.0725.

(15-Cis)2,3,5,Ta-tetrahydro-1-hydroxy-1 H-pyrrolizine- 1-methanol [(+)-Hellotridine) (4). To a sikred solution of
209 mg (0.828 mmol) of the dleceloXyDYrToRzidinone 18 in 13 mi of dry Wtralydroturan was agdded 210 mg (5.54 mmol) of ithium
aluminum hydride in small portions over & 5-min period. The resulting greenish-grey suspension was heated 10 refux for 35 min. The
mixture was cooled in an lce bath, duted with 30 mL of tetratrydroturan, IOBOwed by the adition of 200 ul of water, 140 pL of 1 N
aquecus sodium hydroxide, and 200 ul of water. The resulting suspensian wes fitered through celite and the fer cake suspended
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in 45 mL of tetrahydroturen and IRered. The Mier cake was suspended In 75 mb of methanok-tetrahrydroturan (1:1) and Mtered. The
combined filrates were concentrated in vacuo 10 give 220 mg of & semisolid residue which was Chromatographed over 8  of slica get
{methanol-concentrated ammonium hydroxide, 99:1) 10 altord 100 mg of & pale yellow solid: mp 104-110°C. This material was turther
purified by recrystalization trom acetons 10 give 57.0 mg (45%) of 4 as ofi-white needies. Concentraion of the mother iquor sfforded
35 mg of an ol which erystalired on standing. Racrystalization of this maserial from acetons gave an addiional 10.7 mQ 8%) of (+)-
Nelotriine: mp 112-1149C (M98 mp 116.5-118.05C); {ajp?® = +32.0° (c. 0.22 MeOH) (.99 {a]0?0 = +31.0° (¢, 10.0 MeOH)|: IR
(XBr) 3350 cmv'; H-NMR (CDCly. 500 MHz): 1.84-1.90 (m, 1H, CHg), 1.97-2.03 (M, 1H, CH2), 2.65 (00d, J= 14.0,80, 8.1 Hz, 1H,
NCHg), 3.12 for s, 24, OH), 3.29-3.35 (m, 2, NCH2 and NCH2), 3.88 (A1, J = 15.4, 2.0 Hz, 1H, NCHp). 3.97 (br 8, 1H, NCH), 4.07 (g /
« 5.9 Hz, 1H, CHO), 4.32 ( AB q, /= 13.4 Hz, 2H, CH20), 5.53 (d, /= 1.5 Hz, 1H, CH=C). mass specirum. mYe (reiative intenslty) 155
(M*, 21), 111 (81), 94 (18), 80 {100), 89 (63), 88 (13): exact mass caicd or CgH 3aNO7: Mve 155.0948, found m/e 155.0951.

Anal. Caior for CgH1NO72: C, 61.90; H, 8.45. Found: C, 61.88; H, 8.50.

4-(Tetrahydro-24-pyran-2-yioxy)-1-dimethytphenyisiiyl-1-butyne (20). To a stimed sotion of 5.87 g (37.5 mmon
of 4-(tetrshydro-2H-pyran-2-yloxy)-1-butyne (19)22 In 125 mL of dry tetrahydroturan, cookd in a dry ice-acetons beth was added 25
mi of a soltion of 1.52 N n-butytithium In hexane (38.0 mmol) over a 22-min period. The resutting pale yellow sokstion was stirred for
30 min toiowed by the addtion of 8.49 ¢ (38.0 mmol) of chiorodimethyiphenyisiiane over a 30-min paricd. The mixiure was stirred for
1.5 h, the coolng bath was removed and the soLHON was stirTed tor 3n additional 2 h. The solution was diluted with 300 mi of diethyl
ether. 75 mL of water and the iayers were separzied. The aquecus phase was extracted with two 100-mlL portions of diethyl ether
and the combined orpanic layers washed with two 150-mL portions of satursted aquecus sodum chioride, dned (MgSOy4) and
concentraled In vacuo. The residual pale yelow quid (10.7 g) was purified by chromatograpity over 150 g of siica gel (ethyl acetate-
hexane, 1:5) 10 give 10.2 g (94%) of the sliylacetylene 20 as a pale yeilow lquid: IR (neat) 2180 em'1; TH-NMR (CCly, 90 MHz) 30.36
(8. 6H, SICHy), 1.33-2.17 (br m, 8H, CH, manilokd), 2.50 (1, J = 7 Mz, 2M, ®CCHy), 3.27-3.97 (m, 4H, CH20), 4.58 (br ¢, 1K, OCHO),
7.20-7.72 (m, SH, AH): 13C-NMR (CDCla) 8 -0.85 (Q), 19 10 (1), 21.34 (1). 25.33 (1), 30.38 (1), 61.75 (1), 85.30 (1), 83.40 (s). 96.38 ().
105.87 (3). 127.63 (d). 129.10 (d), 133.48 (d). 137.19 (s}, mass specirum, nve (relative intensaty) 85 (100).

{2»4-(Dimethyiphenylsilyl)-3-buten-1-0l (21) A solution of dicyciohexyorane in tetrahydroturan was prepared by the
aadition of 1.21 g (14.8 mmol) of cyciohexene to a solution ol 7.0 mL of 1.0 M borane-tetrahydroturan complex In tetrahydroturan
(7 00 mmol) in 4.8 mL of dry tetrahydroturan, previously cooled in an ice bath. The resufting white suspension was stirred for 1 h at ice
bath temperature. The ice bath was repiaced Dy an ice-sak bath and 2.01 g (8.98 mmof) of acetylene 20 was added. The mixture was
siiered for 20 min, the ice bath was removed and the solution was stired for 1 h. The solvent was removed in vacud 10 give 8 cloudy.
viscous ol which was cooled In an ice bath and dissoived in 5 mL of glacial acetic acid. The semisolid mixture was s¥ed for 5 min in
the ice bath and then healed 10 reflux for 1.5 h. The reaction mixture was cerefully poured info 75 mL of ice water, foliowed by the
cautious sadition of 10 mi of 3 N aquecus sodium hydroxide and 10 mi of 30% aqueous hydrogen peroxide. The resuling cloudy
white emuision was stimed for 1 h, saturated with solid sodium chionds and 100 mi of dichioromethane was sdded. The layers were
separated and the squeous phass was exiracted with wo 100-miL ponions of dichioromethane. The combined orGanic layers were
washed with 100 mL of ssturated aqueous sodium chiorde, dred (MQSO4), and concentrated in vacuo to give 2.71 g of material
which was shown 10 be a mixture of the desired aicoho! and is tetrahydropyranyl ether.

The crude mbxturs was diasoived in S0 mi of methanol and was stimed for 2 h with 50 mg of p-loluenesulionic acid
monohydrate. The solution was diiuted with 25 mlL of saturated aqueous sodium bicarbonate and 150 ml of diethyi ether, 1itered
and washed with two 50-mi portions of saturated aqueous socium chioride. The sther layer was dried (MgSOy) and concentrated in
vacuo The residual pale yellow kquid (1.87 g) was puritied by racial disk chromatography (4 mm thickness: sthyl acetate-hexane. 1:5)
10 a¥ord 1.11 g (77%) of alooho! 21 as & light yellow olf: IR (neat) 3340, 1605 cm'!; 'H-NMR (CDCls, 200 MHz) § 0 47 (3, 8H, SICH4),
1.28 (br s, 1H, OH), 2.34 (dq, J = 15, 1.8 Hz, 2H, =CCH3), 3.59 (1, J = 6 Hz, 2H, CH20), 5.86 (01, J = 14, 1.2 Hz, 1H, «CHSI), 5.45
{overiapping A, J = 14, 7 He, 1H, SICaCH), 7.32-7.64 (m. SH. ArH). 13C-NMR (CDCl) 8 -1.00 (q). 36.76 (1). 61.86 (1). 127 T2 (q).
128.81 (d), 130.15 (d). 133.60 (d). 139.28 (s), 146.05 (d), mass spectrum, Ve (relative inensdy) 191 (M*-CHg, 34), 188 (1), 173 {13),
163 (33). 145 (43), 137 (72), 135 (44), 130 (11). 129 (16), 121 (34), 113 (100), 75 (94); exact mass cakd lof Cy9H 5OSI (M*-CHa) mve
191.0892, tound m/e 191.0897.

(2)-3S-Acetyloxy-1-[4-(dimethyiphenyisliyl)-3-buteny|}-2,5-pyrrotidinedione (22). To a stirred sokution of 1.54 g
(7.49 mmol} of aicoho! 21, 1.26 g (8.03 mmol) of imide 6, and 2.20 g (8.39 mmol) of triphenyiphosphing in 20 mbL of dry
tetrshydrofuran. cooled in an ice bath, was adoed dropwise 148 g (6.48 mmol) of diethyl azodicarboxylate in 10 mL of dry
tetrghydroturan over & 50-min period. The ice bath was removed 10 min Into the adaRion and the resulting amder-brown sochution was
stirred for 4 h after the addition was compiste. The soivent was removed i vacuo and the dark amber residue was triturated with 50
i of ethyl acetate-hexans (3:7) and the resulling solic removed by ARration. The iRirste was concentrated In vacuo 10 give an olly
soiid which was triturated with the same soivent mixture and fitered. Concentration of the fitrate afforsed 4.14 g of a yellow ot which
was chromatographed over 80 g of siica gel (ichioromethane) to give 2.52 g (96%) of the imide 22 as a pale yeliow oll. IR (neat)
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1780, 1716, 1605 car'; 'H-MMR (COCY, 200 MiHz) 3 0.38 (3, 8H, SICH3), 2.15 (8, 3H, COCHy), 2.39 {d. J= 7. 1 4 Hz, 2H, «CCHy),
2.55 (00, J = 18, 5 Mz, 1H, COCH3), 3.02 (09, J « 18, § Hz, 1H, COCH3), 3.57 (1. J = 7 Hz, 24, NCHp), §.29 (dd. J= 9, 5 Hz, 1H,
CHOAC), 5.79 (O J = 14, 1.1 HZ, TN, <CHSI), 8.468 (A1, J = 14, 7 Hz, 1H SIC=CH), 7.30-7.58 (M, SH, AsH); 13C-NMR (CDCly) 8 -1.13
(Q). 20.31 (Q. 3157 (1), 3545 (M, 38.13 (1), 67.21 (&), 127.74 (C), 128.83 {d), 130.63 (df). 133.48 (). 139.00 (s). 144.85 (), 168.51
{8). 172.04 (8). 173.11 (8); exact mass caicd 101 C1gHzNOGS! m/e 345.1397, found avs 345.1302.

(2)-{48,8R5)-4,5-Otacstyiony-1-[4-(dimethyiphenyistyl)-3-buteny(]-2-pyrroldinone (24). To a siired soksion of
2.46 g (7.14 mmol) of imite 22 Ih 230 mi of Methanol, cooled 10 -4°C with an ice-sait bath, was added 1.51 g (39.9 mmol) of sodum
BOrOtydrikie In oNe POrion 24 the resuling Mixture stimed for 13 min at 3.5 10 -5°C. The solution was partiioned between a Mbaure
of 200 mL of dichioromethane, 80 miL of water and 120 mL of saturated aqueous sodium bicabonste. The layers were separated and
the aqueous phase wes extracted with five 120-mi. portions of dichloromethans. The combined organic layers were washed with 130
mi of saturated aqueocus sodium chiorde, dried (MgSQO4) and concentrated in vacuo.

The resulling pale yellow off (2.58 g) was dissoived in 35 ML of dry dichioromethane and 1.12 g (11.1 mmol) of trethylamine.
1.12 g {(11.1 mmoi) of acetic anhydride, and 80 mg of 4-(N.N-dimethylamino)pyridine were added in sequence. The soltion was
stirred 107 50 min, diluted with 180 mi of dichioromethane and 100 mL of water, and the layers were separated The squecus phase
was extracted with three 150-mL portions of dichloromethane and the combined organic phases were washed with 200 miL of
saturaied aquecus sodium bicarbonale and 200 mi of saturated aqueous sodium chioride. The organic layer was dred (MgSO4) and
concentrated in vacuo 10 pive 2.73 g of a pale yeilow semisolid which was chromatographed over 80 g of siica ge! (ethyl aceiate-
hexane, 123) to afford 2.40 g (88%) of a roughly 10:1 ('H-NMR) diastereomeric mixture of diacetates 24 as a paie yeilow ofl: IR (neat)
1750, 1725, 1605 crr!; YH-NMR (COChy, 500 MHz; paaks due 10 major diasiereomer) 3 0.39 (8, 8H, SICH3), 2.04 (3, 34, COCHg).
2.05 (8. 34, COCHy), 2.23-2.40 (m, 24, «CCH), 253 (0d. J = 17. 9 Hz, 1H, COCH3), 2.64 (dd. /= 17, 8 Hz, 1H . COCHy), 3.02
(ddad, J= 14,7 7, 8.3 Mz, 1H, NCH3), 3.52 (Qu. J= 7.5 Hz, 1H, NCH), 5.18 (ddd, J= 17,9, 5 Hz, 1H, CHOAC), 580 (1. J= 14, 1 Hz,
YH, =CHSI), 6.19 (0, J = § Hz, 1H, NCHOAC) 6.32 (A, J = 14, 7 Hz, 1H, SIC«CH), 7.25-7 59 (m, 5H, ArH): 13C-NMR (COCly. pasks due
to major dlastereomen) & - 1.19 (q). 20.27 (q). 20.53 (q). 31.80 {1), 33.70 (1), 40 33 (1), 65.89 (d), B2.05 (d). 127.78 (d). 128 87 {0).
130.28 (d), 133.53 (d). 138.98 (8), 145.48 (d). 185.50 (8), 169 89 (s). 171.35 (8): exact mass caicd tor CooH2yNOsSI mve 389.1659,
found m/e 389.1878.

(2)-(4S,3RS)-Acetyloxy-1-[4-(dimethylphenyisilyl)3-Dutenyi]-S-phenylthio-2-pytrolidinone (25). To a stimed
mixture of 2.33 g (6.00 mmol) of diacetate 24 and 569 mg (5.16 mmol) of thiopheno! was added 6 mg of p-tolusnesullonic acid
monohydraie in one portion. The reaction mixture was siirred tor 45 min, diluted with 180 mi of disthyl eiher and the ether layer
washed with two 150-mi portions of 1 N aqueous sodium hydroxide. The combined base washes were extracted with 175 mi of
diethyl ether and the combined ether extracis were washed with two 150-mL portions of saturated aqueous SO0 chioride. The
organic phase was dried (MgSO4) and concentrated in vacuo to give 2 pale yellow od whach was chromatographed over a Lobar sze C
column, followed by 8 Lobar size B column (ethy! acetate-hexane, 2.5). Early fractions gave 1.69 g (64%) of phenyithiolactam 29
(cistrans « 18:1 by NMR) as an ol IR (neat) 1745, 1710, 1605 cm'!: TH-NMR (CDCly, S00 MHz) § 0.34-0.40 (2 8's, 6H, SCHy), 1.80-
237 (m, with 2 5's &t 1.96 and 2.14, TH, =CCHp. COCHa, and COCHy). 3.07-3.18 (M, 1H, NCHZ). 3.73-3.83 (m, 1H, NCH3), 4 44-5.13
{m, 1H, NCHS), 5.15-5.27 (m, 1H, CHOAL). 5.70 (m. 1H, «CHSI). 6 24-8.41 (m. 1H. SIC=CH), 7.28-7.58 (m, 10H, ArH); mass
spectrum, nve (reiative intensly) 330 (M*-CgHsS. 30). 270 (27). 192 (12), 137 (19), 136 (100). 135 (100), 110 (14). 43 (21), exact
MAss Caics for CyghtagNO3SI (M*-CeHgS) mve 330.1528, found nve 330.1551.

Continued siution afforded 107 mg of a 4:1 mixture (by NMR) of starting discetate 24 and phenyRthiclactam 25  Later fractions
gave 675 mg (29%) of recovered scetste 24. On one occasion, treatmant of 2.52 g (6.48 mmof) of Glacetate 24 with 1.07 g (9.72
mmol, 1.5 equivalents) of thiophenol and 12 mg of p-tolusnesulionic ackd monohydrate gave 2.70 g (95%) of a 1.3:1 mixture (by
NMR) of cis olefin 28 and irans olefin 26. IR and Mmass specira of this material were essentially identical those described for 23 above

(E)-38-1-Acetyloxy-1-[4-{dimethyiphenyisilyl}-3-buteny|}-2,5-pyrrolidinedione (27). Thiopheno! Medlated
isomerization of 22: To a stimed mixture of 103 mg (0.299 mmol) of imide 22 and 16.5 mg (0 146 mmol) of thiopheno! was added
1.0 mg (5.26 umol) of pioluenesulfonic acid Monohydrate and 9.0 Mg (0.146 mmol) of acatic acid. The mixture was stired for 2.5 h.
cluted with 15 mi of dlethy! sther and the ether layer was washed with two 15-mL portions of 1 N aqueous sodium hydroxide. The
aquecus layer was exiracted with 20 mi of dietivyl ether and the combined organic phases were washed with 10 mi of saturated
aquecus sodum chioride. The organic layer was dried (MgSOy4) and concentrated In vacuo 1o give a coloriess, cloudy ol (91 mg) that
was purified by recial disk chromatography (1 mm thickness. ethy! acetaste-hexane, 2:5) to atford 85 mg (82%) of Imide 27 as a pale
ysiow oi: IR (nest) 1750, 1715, 1815 cn!; TH-NMR (COCly. 200 MHz) 5 0.31 (s, 8H, SICHy), 2.13 (5, 3H, COCHy), 2.39-2.59 (m, with
dd & 2.57, J= 18, 5 H2, 3H, «CCH, and COCHp), 3.01 (dd. J= 18,9 Hz, 1H, COCH2), 3.63 (1, J = 7 Hz, NCH3), 5.30 (0d. J= 9. § Mz,
1H, CHOAC), 5.00 (d. J = 185 Hz, 1H, «CHSA, 8.00 (01, J= 18.7,. 6.2 Mz, 1H , SIC«CH), 7.27-7.53 (m. SH, AH): 13C-NMR (COChy) § -
2,85 (Q). 20.40 (¢, 34.48 (1), 35.54 (1), 37.91 (1), 87.29 (), 127.78 (). 129.00 (d). 132.08 (), 133.88 (). 138.58 {s), 143.50 (),
108.89 (s), 172.95 (8), 173.20 (8). exact mass caicd tor C1gHzg NOLSI nve 345.1368, tound Ve 345.1392. Tri-n-butyRin Hydride
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Medisted isomertzation of 22: To a sohstion of 204 mg (0.59 mmo) of imide 22 In 18 ML of dry benzens under refiux was added a
soWstion of 248 mg (0.845 mmol; 220 ul) of tr-n-dutyltin hydride and 13.3 mg of AIBN in 2.2 mL of dry benzens over & 21 h period.
The mixture was warmed under refi for an additional 1.5 h and concentrated in vacuo. The semisclid residue was CIVOMaMOraphed
over 9 g of slica gel (hexans: then ethy! acetale-hexane, 12) 10 give 239 mg of g coloriess ofl which was further purlfied by radtal disk
chromatography (2 mm thickness; dichioromethane; then dichioromethane-sthyl acetats, 10:1) to afford 170 mg (83%) of imide 27 as
a coloriess ok Continued edtion afforded 25 mg (14%) of the alcohol derived irom hydrolysis of the acetate in 27 as a coloriess of: IR
{neat) 3440, 1700, 1615 amt; TH-NMR (CDCly, 200 MH2) 8 0.30 (8, 8H, SICH3), 2.36-2.84 (M, with 0d a1 2.6, J = 18, 5 Hz, 3H, «CCHp
and COCHz), 2.82 (0d, /= 18, 8 H2, 1H, COCHp), 3.12 (br 8, 1H, OH), 3.81 (1, J= 7 Hz, 2H, NCH3), 4.44 (3d, J = 8, 5 Mz, 1H, CHO),
5.78 (. J= 185 Hz, 1H, «CHSD, 6.00 (c, J = 18.5, BHZ. 1H, SIC=CH), 7.28-7.53 (m, 5H, AtH); '3C-NMR (COCly) 5 -2.66, -2.62, 34.6,
37.0.37.7, 68.6. 1278, 129.0, 132.1, 133.7, 138.5, 143.5, 173.9, 176.2; exact mass cakd for C1gH21NOsSIi m/e 303.1292, found
mve 303.1292

18-(10,78,70a)-1-(Acetyloxy)-hexahydro-7-[(dimethylphenyisilyl)methyl)-J H-pyrrolizin-3-one (28), 1S-
(1a.7o.1la)-1-(Acotyloxy)-bouhydro-?«((dlmolnylpnonymlyl)nomyl]-:N-pynonun-:Fm (29), 18-(1a,7p,7ap)-1-
{Acetyloxy)-hexahydro-T-[(dimethylphenyisilyl)methyl]-3M-pyrrolizin-3-one (32), and 1S-(1a, Saf, 8aap)-1-
(Acetyioxy-8-(dimethyiphenyisityl)-N2M)-indolzinone (30). To a stimed solition of 2.65 g (6.03 mmof) of phenylihiolactams
28 and 28 (1.3:1, respactively).in 118 mi of dry benzens under refhix was a0ded a sokion of 2.32 g (7.96 mmol) of tr-n-butyitin
hydrids and 102 mg of AIBN In 21 mi_ of dry benzens over & 21 h period. The mixture was heated at reflux for 2 h, concentrated in
vacuo and the residue was partiionsd between 70 mi of acetonitriie and 110 mi of hexans. The layers were separaied and ihe
hexane phase was washed with two 70-mL portions of acetonlirile. The combined acetonitrile Ly ers were cONCeNtraled In vacuo and
the residue was initislly chromatographed over 80 g of sliica el (ethyl acatate-hexans, 23; then ethyl acetate), followed by MPLC
over & Lobar stze C column (dichioromethane-etiyl acetate, J:1) and radial disk chromatography (2 mm thickness: sthyl acetate).
MPLC afiorded 1.49 g (75%) of a 8:1 mixture (*H-NMR) of pyrroiizinones 28 and 29 and 239 mg (12%) of an inseperable mbaure of
Insolizinones 30. Radia) disk chvomalography pave 85 mg (4%) of pure lactam 32 as an od. On one occasion, chromalographty of the
major cyciizaion mixkure on & Lober size C column (dichioromathane-sthy! acetate, 6:1) gave pure iactem 20, 83 a cobriess oll.

Lactam 28: [alp?0 = +48.8° (c. 1.33 CHCL): IR (neat) 1740, 1700 crr!; TH-NMR (CDChy. 500 MHz) 8 0.32 (8. 3H, SICHy), 0.35
(8. 34, SICH3), 0.44 (00, J = 14.1, 13.0 Hz, 1H, SICH2), 0.84 (ad. J = 14.3, 1.8 Hz, 1H, SICHy), 1.58-1.63 (m, 1H, CHy), 1.89-1.97 (m,
1H, CHyp), 2.28-2.34 (M, 1H, CH), 2.73 (00, J= 17.3, 6.5 Hz. 1H, COCHy), 2.89 (4d. J = 17.3. 8.7 Hz. 1H, COCHp). 2.96 (b1, J=11.9
Hz, 1H, NCH3), 3.45 (@, J= 11.8, 8.2 Hz, 1H, NCHg), 3.80 {t. J = 5.0 Hz, 1H, NCH), 5.13-5.17 (m, 1H, CHOAC), 7.34-7.53 (m, 5H,
ArH); 13C-NMR (COCly) 5 -2.68 (q). -2.23 (Q). 13.52 (1), 20.70 {@). 32.75 (1), 34.39 (d), 39.80 (1), 40.88 (1), 68.44 (1), 71.48 (0), 127 81
(), 129.03 (d), 133.27 (d), 138.35 (s), 170.37 (s). 172.13 ($); Mass specirum, m/s (relative intensity) 273 (18). 272 (78), 243 (26),
194 (8). 137 (18), 138 (21), 135 (100), 96 (24), 43 (24). exact mass calod fof C1gH22NOSI (M*-C2H30)2) m/e 272.1472, found nve
2721474,

Lactarm 29: 'H-NMR (CDCl. 500 MHz; charactenstic signais) § 0.30 (s, SICHa), 2.09 (s. COCHy), 2.67 (ad, COCHy), 3.08 (br1,
Jw 12.5 Hz, NCHp), 5.08 (M, CHOAC). GC-MS data 3! mass spectrum, nve (relalive intenslly) t, « 10.48 min: 272 (1), 271 (1), 156 (18),
137 (9). 138 (8). 135 (27), 96 (100), 88 (10), 43 (40).

Lactam 32: (ajp?0 = +30.4° (¢, 1.01 CHChy): IR (neat) 1740, 1665 cnr!; TH-NMR (CDCly, 500 MHz) § 0.30 (s, 3H, SICHy),
0.31 (8, 3H, SICH2), 0.68 (dd, J= 14.4, 112 Hz, 1H, SICHZ), 1.11 (00, J = 14.4, 3.9 Hz, 1H, SICH), 1.61-1.80 (m, 1H, CHp), 1.90 (8.
3H, COCHy), 1.97-2.08 (m, 1H, CHy), 2.17-2.22 (M, 1H, CH), 2.37 (0. J = 17.2 Hz. 1H, COCHy), 2.95 (&, J = 18.7, 5.5 Hz, 1H,
COCHg), 3.15 {1, J« 10.0 Hz, 1H, NCHp), 3.38 (br q, J = 10.6 Hz, TH. NCHp), 3.68 (dd, J= 9.3, 4.7 Hz, 1H, NCH), 533 (br L, J= 4.9 Mz,
1H, CHOAC), 7.36-7.50 (m, 5H, ArH); 13C-NMR (COCHy) 5 -2.49 (qQ). -2.43 (Q). 18.74 (1), 20.62 (q}. 33.38 (d). 35.84 (1), 40.88 (1), 4273
). 68.71 (d), 72.89 (d), 127.90 (c)), 129.15 (d). 133.40 (d), 138.32 (s), 169.84 (3). 171.07 (s). Mmass spectrum, mVp (relative intensity)
330 (M*-H, 1), 316 (M*-CHa,1), 288 (2), 173 (15), 272 (68). 253 (11), 243 (14), 212 (15). 135 (100). 117 (21). 96 (21), 43 (43); exact
mats calod 10r CqgHaNO3ST (M+-H) M 330.1544, found mve 330.1534.

indoizidinones 30: IR (neat) 1745, 1700 cm?; TH-NMA (CDCh, 500 MHz2; charactenistic signais) & 0.32-0.38 (4 8's. SICH3),
1.97-2.15 (3 8's. COCHy), 4.20 (br d, J = 13.1 HZ, NCH2), 4.70 (&, J = 8.3, 3.5 Hz, NCH), 5.27 (0dd. J = 6.5, 4.8, 2.0 Hz, CHOAC),
5.54 (dd, J » 10.2, 7.7 Mz, CHOAL). GC-MS datad! mass spectrum, m/e (relative intensity) BOMer 1, L, = 9.02 min: 272 (38), 271 (9).
243 (11). 137 (14), 138 (20). 135 (100), 85 (19), 43 (49); isomer 2,1, = 9.22 min: 272 (19), 271 (52), 270 (22), 137 (27). 138 (25). 138
(100), 116 (16), 43 (34); isomer 3, 1, =10.10 min: 330 (1), 272 (20). 137 (13), 138 (23), 135 (100). 118 (23). 96 (28). 43 (45). The
parent lons for iBOMers 2 and J (MYe 331) were cbserved Dut were weak.

Treatment of 1.18 g (2.71 mmol) of a mixture of 25 and 26 (18:1, respectivety) with a solution of 1.04 g (3 57 mmol) of tri-n-
butyltin hydride and 58 mg of AIBN in 9.4 mL of dry benzens under identical conotions followsd by wo/k-up and chromatograplty
over slica gel gave 297 mg (33%) of pure lactam 28, identical to material described above. Continued elution attorded 384 mg (43%)
of .3.2:1 mbaure of lactams 28 and 29, containing about 3% of the reduced tactam 31 (GC-MS). Later fractions gave 160 mg (18%) of
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NCokTicAnones 30, 83 8 mixiure of three disstersomerns by GC-MS.

18-(1a,78,70a)- 1<{Acetyloxy)-T-{(acetyloxy)metiy I} hexshydro-3H-pyrroitzin-3-one (36). To a etired soksion
of 167 mg (0505 mmof) ol pure sliane 28 in 500 ul. of dichioromethans was added 340 Mg (2.00 mMoY ot WIrafuorobonc scki-disthy!
ether compiex In one portion followed by stintng for 13 h. The soivent was removed in vacuo and the reskiue was disseived in 2.0 mL
of dry N.N-dimethySormarmide. Yo this sokmion was aided 142 mg (2.44 mmol) of anhydrous potassium fuoride and 441 mg of 30%
m-chioroperbenzoic ackd In sequence and the resuling solution was stirred for 14 h. The reaction midure was fitered and the fitrate
was concentrated In vacuo. The residue (480 mg) was chromatographed over 10 g of siiica Qsl (sthyt acetate: then ethy! acetate-
methanol, 9:1) o pive 143 mg of hydroxymethyl lactam 33 as an oil and 42 mg of impure material, suspected 1o be a mixture of
Oltryoroxy actam 34 and m-Chiorobenzoic acid, 88 a white solid. The identity of the Latter procduct was confirmed by acetyiation (vide
infra).

The hydroxylactam 33 was dissoived in 3.0 mi of dry dichicromethane and 100 mg (0.988 mmo) of triethylamine, 100 mg

(0.980 mmol) of acetic anlvwdiide and 10 mg of 4-{N.N-dimethylemino)pyridine added in sequence. The reaction mixure was stired
for 45 min, diuted with 20 mL of dichioromethans and the dichioromethane was washed with two 10-miL portions of saturated

aquecus sodium bicasbonate. The sqUEcUS washes were extracted with two 20-mi. portions of dichioromethane and the combined
gichictomsthane layers were washed with 30 mi of satursted aqueocus sodium chioride. The organic layer was dred (MQSO4) and
concentrated in vacuo. The residue (132 mg) was chromatographed over 5 g of siica gel {ethyl acetzie-hexane, 9:1) to give 64 mg
(50%) of the iacetate 35 &8 a coloriess ol: [aJp?0 « +15.49 (¢, 1.05 CHCHy); IR (nea) 1735, 1700 crr ! TH-NMR (COCty, 500 MHz) §
1.95-2.00 (m, 1H, CHa). 2.08 (8, 3H, COCHy), 2.09 (s, IH, COCHj), 2.21-2.29 (m, 1H, CH3), 254259 (m, 1H, CH), 2.79 (dd. J =
17.3. 8.6 Hz, 1H, COCHgp), 2.87 (dd, J= 17.3, 8.8 H2, 1H, COCH2), 3.08 (drt, Je 11.3 Hz, 1H, NCH7), 358 (R, J= 11.4, 8.4 H2, 1H,
NCHp), 3.95 (dd, J = 8.2, 4.7 Hz, 1H, NCH), 4.19 (00, J = 5.1, 1.7 Hz, 2H, CHyOAC), 5.23-527 (m, 1H, CHOAS); '3C-NMR (COChy) 8
20.09 (q), 20.73 (Q). 30.09 (t). 37.08 (d). 40.35 (1), 40.55 (1), 63.70 (1), 68.43 (¢5), 09.14 (d), 170.51 (s). 170.58 (8}, 171.71 (8). mass
specirum, mye (retative intensity) 195 (M*-CoHO2, 11), 152 (S), 136 (18), 135 (100), 124 (7), 107 (23), B2 (33), 68 (11), 67 (10), 43
(84); exact mass caiod for CyoH1aNO3 (M*-CoH402) mve 185.0898, found mve 195.0904.

15-(1a,7p,78a)-1-(Acetyloxy)-hexshydro-7-(hydroxymethyl)-3H-pyrrolizin-3-one (33) and 1S-(1a,7B.78a)-
Hexahydro-1-(hydroxy)-7-(rydroxymethyl)-3-pyrrolizin-3-one (34). To a stired solution of 879 mg (2.05 mmof) of pure
shyl pyrroizinons 28 in 2.5 mlb of dry dichioromethane was added 1.45 g (8.93 mmol) of tetratiuoroboric acid-disthy! ether compiex In
one potion. The mixture was stired for 18 h and the soivent removed in vacuo. The residue was dissolved in 8 mL of dry NN-
dimathyltormamide and 580 mg (9.98 mmol) of anhydrous potassium fuoride and 1.830 ¢ (8.34 mmol) of 0% m-chioroperbenzoic
acid was a0ded in sequence. The resulting Paje yellow Suspension was stirred for 14 h, fltered and the filkraie was concentrated in
vacuo  The residue (2.34 g) was chvomatographed over 80 g of silica gei (ethyl acetate-methanol, 9:1) to give 415 mg (80%) ol
monoacetate 33 as a pale yollow oll, contaminated with about 16% of m-chiorobenzoic acid by 'H-NMR. Lactam 83: IR (neat) 3390 (br)
1790, 1675, cm'; TH-NMR (CDCly, 500 MHz) 8 1.92-2.00 (m, 1H, CHy), 2.10 (s, 3N, COCHg), 2.13-2.23 (M, 1H, CH3), 2.38-2.44 (M,
1H, CH), 2.77 (6d, J = 17.0, 8.2 Hz, 1H, COCHy), 2.88-2.96 (m, 1H, COCHy), 3.03 (brt, J= 10.3 Hz, 1H, NCH3)}, 3.85 (6d, J = 10.9,
47 Hz, 1H, CH20), 3.71 (ad, J= 11.0, 4.7 Hz, 1H, CH0), 3.92 (00, J = 8.2, 4.6 Hz, 1H, NCH), 5.42-5.48 {m, 1H, CHOAc); 13C-NMR
(CDCl3) 8 20.77 (Q). 29.90 (1), 39.58 (), 40.48 (1), 40.80 (1), 61.90 (1), 68.67 (d). 69.70 (). 170.88 (¢). 172.62 (s); mass specirum, m/e
(relative intensRy) 154 (13), 153 (100), 97 (35), 82 (25). 68 (31), 67 (29). 42 (23); exact mass caicd tor CgH12NO2 (M*-CoH302) mve
154.0869, found mve 154.0852.

Continued ehrion atforded 49 mg (9%) of material supected to be lactam 34, contaminated with about 35% of m-
chiorobenzoic acid by TH-NMR. This material was converted 1o diacetate 33 as folows. To a stired solution of 52 mg of impure
dilryGroxylactam 34 in 2.3 mL of dry dichioromethanse was added 130 mg (1.28 mmol) of trigthyleming, 130 mg (1.27 mmof) ol acetic

anhydride and 10 mQ of 4-(N,N-O'methiamino)pyriding in sequence. The reaction mixiure was stimed for 45 min, disted with 15 mL
of dichioromethans and ihe o/pANIC phase was washed wih two 10-mi portions of satursted aquecus sodium bicarbonate and 30 mL
of saturated aqueous sodium chioride. The organic phase was concentrated in vacuo 1o afford a yeow oil which was
chromatographed over 3 g of slica gel (ethy! acetate-hoxane; then ethyl acetate) 10 give 20 mg of the diacatate 38, identical by TLC
and "H-NMR anaysis 10 material prepaned as described previcusly.

15-(1a,7p,7sa)-Hexahydro-7-hydroxy-1 H-pyrrolizine-1-methanol [(-)-dihydroxyheHdotridene] (5). To a stired
soltion of 225 mg (0.887 mmol; 84% purlty) of lactam 34 in 10 miL of dry tetralwaroluran was added 210 mg (5.54 mmol) of ikhium
suminum hrydride in small portions. The reaction mbrure was hested at reflxx for t h, cooled in a dry ice-acetons bath and 15 drops ol
water, 15 drops of 1 N aqueocus sodium hydroxide and 15 drops of water were adoed In sequence. The resuling greyish-white
gelstinous suspension was (lered through celite and the filer Cake was suspended In tetrahydrofuran-methanoi (1:1) and fikered.
The combined flirates wers concenirated in vacuo 10 give & yeliow residue (478 mg) which was chromatographed over 10 g of silica
gel {methanol-concentrated ammonium hydroxide, 50:1) 1 aftord 110 Mg (78%) of 3 s an ol which solidified upon drying In vacuo
{mp 63-86°C). An analytical sampie was prepered by recrystaiization from acstons: mp 72.5-74.0°C (M.'0® mp 76-77°C); [a)p?® = -
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38.0° (¢, 0.670 EYOH). [I.'V8 [a}p = -34° (c, 3.38 E1OH)}: IR (CH2Clp) 3800, 3540-2300 (br), 1110 cm™*; 'H-NMR (CDCl, 500 MHz) 8
1.32-1.40 (m, 1H, cu;) 1.08 (330, J = 12.4, 8.3, 2.4 H2, 1H, CHy), 1.82-1.98 (m, 1H, CHg), 2.16 {daddd, J = 12.2, 8.2, +.6 Hz, 1H,
CHg). 2.53 (d0d, J=18.5, 10.8, 5.9 Hz, 1H, NCH3), 2.59-2.68 (m, 24, NCHp and CH), 2.71-3.17 (br 5, with ddd ol 2.96, J« 18.7,10.7,
5.9 Hz, 3H, OH and NCHg), 3.31 (br 1, with fine COUDING, J = 9.5, 8.1, 1.6 Mz, 1H, NCHz), 3.80 {1, J= 11.1 Hz, 1H, CHZ0). 3.95 (dd, J«
11.2, 5.5 Hz, 1H, CHz0). 4.10-4.15 (M, 1H, CHO); 13C-NMR (CDChy) 5 26.35 (1). 34.32 (1), 43.29 {d). 53.15 (1), 54.53 (1), 63.02 (1),
70.57 (d), 72.11 (d): sxact mass calod or CgH1sNO2 mve 157.1102, found: mve 157.1102.

Trestment of 5 with picric ackd provided an anaitically pure sample of the conesponding picrate: mp 155.0-156.5°C (k.19 mp
157-158°C).

Anal. Calod 1o C14H1gN4Og: C, 43.51; H, 4.70: N, 14.51. Found: C, 43.44;H, 4 57N, 14.77.
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