
Tetrahedron Vol 47, No 34, pp 7179-7184.1991 
Pmtcd m Great Bntam 

ocMo-4020/91 $3 ao+ 00 
0 1991 Pergamon Press plc 

A Total Synthesis of (-)-Ruspolinone 

Keith Jones* and King-Chug Woo 

Department of Chemistry, Kmg’s College London, Strand, London WC2R 2LS U K 

(Received ~lt UK 22 May 1991) 

Key Word.3 mspolmone, prohne, pyrmhdme alkalmds. asymmetnc synthesis 

Abslmct A synthesis of the pyrrohdme akalold (-)-ruspolmone (1) from (2S)qolme m 7 steps and 26% 

overall yteld B presented whtch as.ugns the (2s) configuranon to (-)-(1) The compound obtamed by this route 

has [a]D -29 73” compared to a vahx of zero for the matenal wlated fmm the piant suggesung mccmtsahon 

had occmred durmg lsolahon 

In 1978, three new pyrrohdme alkalotds were isolated from Ruspolm hypercrutenformrs~ 

Ruspohnone (1) and norruspolmone (2) were shown to possess the pyrroltdmylacctophenone skeleton whilst 

norruspolme (3) was shown to be based on the 1-aryl-2-pyxolt&n-2-ylethene structure It was recogmsed 

that ruspolmone (1) and norruspolmone (2) are plausible btosyntheac precursors to sepacme (4), tylophonne 

(5). and related alkalotdst Thts posstbtltty had been pomted out already, pnor to the tsolatton of ruspolmone 

(l), and (1) had been synthestsed* and used tn a homtmettc synthesis of sephcme (4)23 and tylophonne (5)3 

The optical acttvtty of septtcme (4) and tylophonne (5) 1s well-established and the configuranon of these 

alkaloids has been proven4 although there are some questtons regardmg the opttcal punty of both isolated and 

synthettc septlcme (4)5 However, the ruspohnone (1) and nonuspohnone (2) isolated from Ruspofra 

hypercratenfotmrs were found to be racemtc 1 Gwen that sepncme (4) and tylophonne (5) ate opttcally active 

and gtven the known propenstty for such f&ammo ketones to undergo a teverstble rewMchae1 reacnon6, It 

seems ltkely that ruspolmone (1) and norruspohnone (2) were racemtsed durmg tsolatton Indeed, another 

very smular pyrrohdmylacetophenone alkalotd, (-)-phyllostone (6). has been isolated recently and shown to 

have a Sndl IICgatIve OptEd MatIon ([a]D -5°)7. As part Of a pmJeCt COnCertKd With the SyINheSlS Of Single 

enanttomers from natural a-ammo actds, we decxied to attempt to prepare ruspolmone (1) 111 optically pure 

form In addttton to the synthetic obJectWe, we felt that such a syntheas would allow us to study the 

racemtsatton of ruspolmone (1) which mtght shed some ltght on tts utthsatton by the plant as a btosynthettc 

lntermedlate 
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(1) R = Me, R’ = H (3) 
(2) R = H, R’ = H 

(6) R = H, R’ = Me 

Me0 Me0 

Me6 Me6 

(4) (5) 

There have been two previous syntheses r8 of ruspolmone (1) nather of which addresses the problem 

of absolute stereochermsay Both utllise a Qsconnecuon of the C2/C6 bond at the churl centre and 

consequently are not retiy mmed to mcorporate absolute stereochermsny The first synthesis2 mvolves 

condensauon of a benzoylacetlc acid wth 1-pmlme wUst the lateS mvolves the condensaaon of a sllyl en01 

ether wrth a 2-phenylsulphonylpyrrohdme In order to synthesise homochlrai ruspohnone (1). we chose to 

explore the C6/C7 bond &sconnecaon mvolvmg the reacnon of a smtable prolmol denvaave mth a &tiane 

amon. We decided to begm the synthesis from (ZS)-prolme as this should gve the correct opacal Isomer of 

ruspolmone (1) based on its presumed tnosyntheac mvolvement. 

The use of (2S)-prohne in asymmemc synthesis has been recently remewed9 Our approach to 

ruspolmone 1s shown m the Scheme Reacaon of (2S)-prohne methyl ester (7)lo with di-r-butyl &carbonate 

m the presence of 4Anethylammopyndme @MAP)I1 gave N-r-Boc-denvaave (8) m 94% yield. Reducuon 

of the ester funcaon usmg LAlI-& m ether soluaon gave the N-r-Boc-prolmol(9) as a crystalhne sobd m 905% 

yield The opacal pm-q of (9) was checked by comparison with a pre~ous report12 of the opt& rotaaon of 

(9) which m&cated our matenal to be of 97% e.e. and by synthesis of the Masher’s ester” Nmr studies 

revealed that the Mosher’s ester of (9) was >95% one dlastexeomer 14. Tosylaaon of (9) proceeded smoothly 

to @ve tosylate (10) m 83% yield after chromatography With tosylate (10) m hand, the stage was set for the 

crucial reacaon w& the htiated &&ane derived from 3,4&methoxybenAdehyde. Very few nucleophrllc 

subsatuaons of such prolmol denvaaves have been reported 1s However we were pleased to Qscover that 
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(10) reacted smoothly wnh the dnhlane anion Treatment of &thiane (ll)la with n-BuL1 at -21°C generated 

the hthlated dtthlane which underwent alkylanon with tosylate (10) at the same temperature to pve (12) in 

76% yield. Thus, m spite of the relatively hindered pnmary centre m (10) and the presence of an electron- 

urlthdrawmg group on the adjacent carbon, the cxuclal alkylatlon proceeded cleanly 

0 * 
C02Me -a CO&le 

H Boc 

(7) (8) 

n 
Me0 s s 

Me xl+ 1; H 
(11) 

(1) 

Scheme 

The remammg steps m the synthesis of ruspolmone (1) simply involve deprotecaon Removal of the 

dtthlane group using NCS and silver mtratel’ gave the N-r-Boc ruspolmone (13) as a crystallme solid m 

73% yield Other methods for the removal of the &thlane group mvolvmg treatment wth methyl lo&de, 

HgC12, or chloramme-T gave considerably lower yields Finally, bnef treatment of (13) wrth mfluoroaceuc 

acid removed the r-Boc gmup to eve (-)-ruspohnone (1) as a pale yellow powder m 87% yield The fact that 

thus IS the first tune that ruspolmone (1) has been isolated as a crystallme soltd could mdtcate that our mate& 

1s of high opacal punty The opt& rotanon of the (-)-ruspolmone (1) prepared by this mute was measured as 

[aID= -29 73’ on freshly prepared matenal On standmg m C!H&12 the observed rotauon fell to zero over a 

per& of 48 hours, a fact that shows how labile the chlrai centre 1s III (1) and related alkaloids Although the 

magnitude of the opacal rotanon can be no gmde to optical punty in thus case, it is mteresang to compare our 

value with that obtamed for (-)-phyllostone (6) (see above). As these two molecules may be expected to 
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possess smular rotattons. we would suggest that phyllostone (6) was parttally racexxused on lsolatlon 

In summary, we have prepared optically acttve (-)-ruspohnone (1) for the first time via a short (7 

steps) high-yleldmg route (26% overall from (2S)-prolme) Although we cannot be sure of the optical punty 

of our synthetic matenal owing to its facile racemtsanon, Its opttcal rotatton compares well with similar 

compounds In particular, we beheve that the tsolatlon techniques used to obtam ruspohnone (1) led to 

racemlsanon and those used to obtnn phyllostone (6) led to parttal racemlsatlon Finally, we belteve that 
naturally-occumng ruspolmone has the (2S)-configuration (from blosynthettc conslderatlons) and this 

corresponds to (-)-ruspohnone 
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Experimental 
Solutions were dned over anhydrous magnesium sulphate and THF was &St&d from potassmm 

benzophenone ketyl lmmemately before use Punficauon was carned out by column chromatography usmg 

the flash chromatography techmque Nmr were obtamed on a Bruker AM360 operating at 360 MHz for ‘H 
and 90 MHz for 13 C and all spectra were recorded as solunons tn CDCl, Mass spectra were run at the SERC 
Mass Spectrometry Centre, Umverslty College Swansea Opttcal rotattons were obtamed on a Perkm-Elmer 

141 polanmeter at 25°C Meltmg pomts are uncorrected 

(2S)-N-(t-Butoxycarbonyl)proline methyl ester (8) 
To a soluuon of L-prohne methyl ester (7) (0 71 g, 5 5 mrnol) m dry mchloromethane (20 ml) was added r- 
butyl &carbonate. (2 64 g, 12 11 mmol), methylamme (0 61 g, 6 05 mmol), and DMAP (0 74 g, 6 05 mmol) 
The mixture was stirred at room temperature under nitrogen for 18 hours It was then diluted with 
dlchloromethane (50 ml) and washed wtth aqueous HCl(50 ml, 0 5 M), saturated NaHC03 solunon (50 ml), 
and water (50 ml) The organic phase was dned and evaporaaon of the orgamc soluaon gave an 011 that was 
punfied by flash chromatography to gtve the product (8) as a clear oll(1 18 g, 94%), (Found C, 57 76, H, 
8 44, N, 5 98, M+, 229 1315 CllH19N04 requires C, 57 63, H, 8 35, N, 6 1196, M+ 229 1314). [a]D - 
52 47’ (CO 99 m CH&l,), 6~ 140 (9H, s, r-Bu), 175 - 2 30 (4H, m, CH2CH2), 3 30 - 3 60 (2H, m, 
CH,N), 3 70 (3H, s, OCIQ, 4 15 - 4 25 (lH, dd, J8 3 and 4 3 Hz, CHN), SC 23 6, 30 8 (CH&H$, 28 2 
(CEH&), 46 2 (CH,N), 51 8 (OCH$, 59 0 Q-IN), 79.7 (c(CH&), 153 7 (CON), 173 7 (COO), m/z 
229 (M+, 5%), 174 (30%), 128 (45%), 70 (100%) 

(2s)~N-(t-Butoxycarbonyl) prolinol (9) 
To a solution of the ester (8) (0 43 g, 2 0 mmol) m dry THF (10 ml) at 0°C under nitrogen was added LIAR 
solutton (2 40 ml, 10 M) The rmxture was stmed at 0°C for 2 hours and then ethyl acetate (5 ml) and KOH 
solutton (10 ml, 20% w/v) added The rmxture was extracted with ethyl acetate (50 ml) and the organic 
solution dned and evaporated The sohd obtamed was recrystalhsed from petroleum ether to gve the product 
(9) (0 34 g. 90%). m p 57-58’C (Found C, 59 79, H. 9 57, N, 6 96, M+, 201 1364 CtOH,,NOS requtres 
C, 59 68, H. 9 51, N, 6 96%. M+ 201 1365 ), [a]D -47 24’ (CO 91 m CH&), 6~ 145 (9H, s, t-Bu), 
1 50 - 2 05 (4H. m. CH&H$, 3 20 - 3 50 (2H. m. CH*N), 3 50 - 3 65 (2H, m, C&O), 3 85 - 3 95 (lH, 
m, CHN), 3 90 - 4 10 (lH, br s, OH), 6~ 23 8 (CH$H,), 28 4 (CGH&), 47 3 (CI-QN). 59 8 (CHN), 
67 1 (CI$O), 80 1 c(CH,),), 156 2 (CON), m/z 202 (M++H, 5%), 170 (15%), 146 (33%). 114 (40%). 70 
(100%) 



Synthesis of (-)-ruspolmone 7183 

(2S)-N-(&Butoxycarbonyl)-O-tosyi prolinol (10) 
To a solu~on of the alcohol (9) (0 57 g, 2 84 mmol) in dty pyndme (5 ml) was added tosyl chlonde (0 65 g, 
3 40 mmol) The rmxture was stmed at room temperature for 4 hours and then d&ted ~nth dtchloromethane 
(SO ml) The solution was washed successively with ddute HCl (30 ml), saturated sodium bicarbonate 
soluuon (30 ml) and water (30 ml) The organic phase was dned and evaporated to give an 011 which was 
punfed by flash chromatography to gwe the product (10) (0 83 g. 83%) as a colourless 011 (Found C, 57 39, 
H, 6 95, N, 3 88, M+, 355 1450 C17HzSNO$ reqmres C, 57 44, H, 7 09, N, 3 44%. M+, 355 1453), 
[a]~ -39 57” (CO 74 in CH&12), SH 1 45 (9H, s, t-Bu), 1 50-l 90 (4H, m, CH&H,), 2 40 (3H, s, 
arylCH& 3 05-3 45 (2H, m, CHzN), 3 75-3 85 (IH, m, CHN), 3 95-4 30 (2H, ABdd. J8 4 and 4 1 Hz, 
CH20), 7 30 (2H, d, J8 0 Hz, arylH), 7 70 (2H, d, J8 0 Hz, arylH), SC 21 4 (arylCH,), 23 7, 28 5 
(CH,CH,), 27 6 (C(!ZH&), 49 1 (CH*N), 57 7 (CHN), 68 3 (CH,O), 82 2 c(CH&), 127 5, 129 6, 
133 9, 143 5 (arylc), 153 0 (CO), m/z 355 (M+, l%), 282 (12%), 170 (48%), 114 (91%), 91 (39%), 70 
(100%) 

(2”S)-2-(3’,4’-Dimethoxyphenyl)-2-(N-t-butoxycarbonyl-2”-methylenepyrrolidine)-l,3- 
dlthlane (12) 
To a solution of 2-(3’,4’-&methoxyphenyl)-1,3-&thlane (11)16 (0 26 g, 1 0 mmol) m dry THF (20 ml) under 
nitrogen at -2l’C was added a solution of n-butylhthmm m hexane (0 4 ml, 1 0 mmol) via syringe The pale 
yellow solution was stmed at -2l’C for 30 mmutes and a solution of the tosylate (10) (0 36 g, 1 0 mmol) m 
dry THF (IO ml) was added dropwlse over 5 mmutes StuTlng was continued for one hour The reaction was 
quenched with saturated ammonium chlonde solution (10 ml) and the product extracted with ether (50 ml) 
The ether layer was dned and evaporated to gve an od which was punfied by flash chromatography to gve the 
product (12) (0 34 g, 76%) as a colourless 011 (Found. C. 60 02, H, 7 51, N, 3 25, M+, 439 1851 
C22H,,NO& reqmres C, 60 11, H, 7 57, N, 3 19%, M+, 439 1851), [aID -35 34’ (c2 1 m CH#&), SH 
1 25-l 40 (4H, m, CHzCH*), 1 45 (9H, s, t-Bu), 1 50-l 65 (2H, m, SSCCH& 1 75-2 00, 2 55-2 80 (6H, 
m, CH2CH2CH2-dithiane), 3 10-3 35 (2H, m, CH,N), 3 90 (6H, s, OCH,), 4 05-4 15 (lH, m, CHN), 
6 85 (lH, d, J8 3 Hz, C5’-H), 7 50 (IH, d, 52 3 Hz, D-H), 7 75 (lH, dd, J8 2 and 2 3 Hz, C6’-H), 6~ 
24 9, 27 6 (C3”,4”), 27 4 (C5), 28 2 (C(cH&). 31 2 (SSCcH2CHN), 45 8 (Cl), 53 7 (CHN), 55 4 
(OCH& 55 7 (OCH& 69 8 (CH2N), 79 2 c(CH&), 110 7 (C5’), 112 0 (C2’). 121 4 (C6’), 133 7 (Cl’), 
147 8 (C3’,4’), 154 (CO), m/z 439 (M+, 2%), 276 (lo%), 170 (28%), 114 (71%), 70 (91%), 41 (100%) 

(2s)~N-t-Butoxycarbonyl ruspolinone (13) 
To a solution of N-chlorosuccmmude (0 12 g, 0 91 mmol) and sdver nitrate (0 17 g, 1 03 mmol), m 80% 
aqueous acetommle (10 ml) at room temperature was added the &thlane (12) (0 10 g, 0 23 mmol), and 2,6- 
lutldme (0 029 g, 0 27 mmol) &ssolved m the same solvent (10 ml) The rmxture was stirred for an hour and 
the prectpitate filtered off and washed thoroughly wtth ethyl acetate (60 ml) Evaporaaon of the solvent gave 
an 011 which was punfied by flash chromatography to give (13) as an 011 which soh&fied on standmg This 
was recrystalhsed from petroikkhloromethane to give (13) as colourless crystals (0 11 g, 73%), m p 99- 
lOO’C, (Found C, 65 31, H, 7 87, N, 3 94, M+, 349 1889 C,gH,,N05 requires C, 65 39, H, 7 80, N, 
4 Ol%, M+, 349 1889), [a]o -1090’ (co73 m CH,Cl,), 6~ 1 45 (9H. s, r-Bu), 1 70-2 10 (4H, m, 
CH&H,), 2 65-2 80 (lH, m, COCH,), 3 35-3 45 (lH, m, COCH& 3 30-3 40 (2H, m, CH,N), 3 95 (6H, 
s, OCH,), 4 25-4 35 (lH, m, CHN), 6 85 (lH, d, J8 4 Hz, C12-H), 7 55 (lH, m. O-H), 7 65 (lH, m, 
C13-H), 6~ 23 1 (CH,CH,), 28 4 (C(cH&). 43 0 KOCH,), 46 4 (CH,N), 54 6 (CHN), 55 9 (OCH,), 
56 0 (OCH,), 79 3 (!Z(CH3)3), 109 9 (C12), 110 1 (C9), 123.1 (C13), 130 0 (C8). 148 9 (ClO), 153 2 
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(Cll), 154 3 (carbamate CO), 197 5 (ketone CO), m/z 349 (M+. 1%). 248 (37%), 165 (84%). 70 (63%), 57 
(100%) 

(2S)-Ruspolinone (1) 
TO a solution of the carbamate (13) (0 15 g, 0 43 mmol) m dry dtchloromethane (10 ml) was added 
mfluomaceac actd (0.15 g, 129 mmol) The mtxture was stmed at room temperature untll no stanmg matenal 
could be observed by tic Excess solvent was removed to leave an 011 which was raptdly punfied by flash 
chromatography (methanol ammonia solution dtchloromethane, 17 1 2) The solrd obtamed was 
recrystalltsed from petrol/dtchloromethane to gtve (ZS)-ruspolmone (1) as a pale yellow powder (93 mg, 
87%), m p 114-l IS’C (Found. C, 67 38, H, 7.65, N, 5 53, M+, 249 1365 Ct4Ht9N03 reqmres C, 67 45, 

H, 7 68, N, 5 62, M+, 249 1365). [a]D -29 73” (CO 74 in CH&), 6~ 1 35-l 50, 1.70-l 90, 1 95-2 05 
(4H, m, CH$Hz). 2 50 (IH, br s, NH), 2.92, 3 05 (2H. m, C5-H). 3.12 (lH, d, J7 Hz, C6-H), 3 13 
(lH, d, J7 Hz, C6-H), 3 58 (lH, qumtet, J7 Hz, C2-H), 3 91 (3H, s, OCH3), 3 93 (3H, s. OCH,), 6 86 
(lH, d, J8 4 Hz, C12-H), 7 50 (la d, J2 Hz, C9-H), 7 58 (lH, dd, J8 4 and 2 Hz, C13-H) sH 
(protonated form) 175 (lH, m, CH$Hz), 2 05 (2H, m, CH2CH2), 2 80 (lH, m, CH2CH2), 3 33 (3H, m, 
C6-HZ and C5-H), 3 67 (lH, dt, J17 and 7 7 Hz, C5-H), 3 86 (3H, s, OCH,), 3 90 (3H, s, OCH& 4 07 
(lH, qum, J7 Hz, C2-H), 6 80 (lH, 2d, J8 5 Hz, C12-H), 7 36 (lH, d, 52 1 Hz, C9-H). 7 47 (1H. dd, J 
8 5 and 2 1 Hz, C13-H), 9 7 (br s, NH& SC 23 8, 30.7 (C3, C4), 40 2 (C6), 45 0 (C5), 55 7, 55 8, 56 0 
(2xOCH3, C2), 109 8 (C12), 110 1 (C9), 122 8 (C13). 129.1 (C8), 
m/z 249 (M+. 7%), 180 (53%), 165 (lOO%), 70 (70%) 

1 
2 
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