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Abstract - The alkaloids CT)-hygrine, (~I-dcllydrodarllnlne, (+)-dehydrodarllnglanlne, 

and (+)-N-mcthylruspollnone have been synthesised by selective reduction of 

vinyiogous amldcs formed by sulphldc COIILT~CL~O~ of the salts prepared by 

reactlon of N-methyl-2-thiopyrrolldone with the appropriate 

bromumethyl ketones. 

The formatlon of a C to C bond by the cxtruslon 

of’ sulphur from the C-S-C Ilnknge has been 

known for many years’. The synthetic potential 

of this reaction. however, only became gene- 

rally recognlsed after the development by 

Eschenmoser of the sulphlde contraction 

sequence. This was Initially used by him ln 

the vltamln El12 work for the synthesis of 

vlnylogous amidines 
2 

and later extended to 

include the synthesis of vlnylogous amides, 

vlnylogous urethanes and enollsablc P- 

dlcarbonyl compounds3. 

Application of the sulphide contraction to 

thlolactams results 1” the extenslotl of the 

C skeleton at the C atom on which the N IS 

substituted. This 1s potentially very useful 

1” alkaloid synthwls and has been exploited 

by us4 
5 

and by other workers . Many simple 

pyrrolldine alkaloids have structures con- 

taining substituents at C2 of the pyrrolldlne 

ring attd clearly the sulphide contraction is 

rdeally sulted for use In Lhe synthesis of 

such structures. This is illustrated rn the 

Scheme for (L)-hygrlne 15aj6, (,)-dchydro- 

darlinlne (5~) L ‘, ( )-dehydrodarllnglanlne (5d)’ 

8 
and (+)-N-methylruspollnone (5e) . 

The first step of the sequence, formtitian of 

the o-thio ,m,“l”m salt, IS reversible and lt 

has been reported that I” some cases, 1” order 

to obtain good yields it 1s necessary to use 

spccl~l condltionsg. or a cowlterlon of very 

10 
low nucleophlllcity . In the present cases 

no problems were experrenccd and the salt 

formations wetlt to completion albeit rathw 

slowly. 
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The early work on the development of the sul- 

phlde contrectlon was rest.rlcted to the use of 

secondary thioamidee and Lhlolactams and it 

was reported 
3 

that the experimental condltlons 

necessary for the contractlon step were 
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strongly dependent on the netwe of the group 

vhlch 1s attached to stilphur in the first step. 

ln some cases heating *lth a thlophile alone 

was sufficient, in others the use of a strong 

base and a thlophlle was necessary while in 

onr case sulphur was spontaneously extruded. 

Other workers have reported 
11 

that successful 

contractions may be achieved by the use of 

base alone. In addition we 
12 

and othersg’10 

have noted that when tertiary thloamides or 

thlolactams are used the contraction step 

pt.oceeds much more rapidly and under very much 

milder temperature conditions than those found 

by Eschenmoser to be necessary for the second- 

ary systems. In the present work It was felt 

that a brief survey of the results obtainable 

under a variety of conditions was merited. The 

results are summarlsed I” the Table. It is 

Wita clear that for substrates of this type 

the best yields are obtalned using both a base 

and a thlophlle. In the absence of either 

reagent , nuclaophillc attack at the 0-C 

competes effectively with the sulphlde contrac- 

tion although 1” the case of the weakly nucleo- 

phillc P(OEtJ3 the competitlon is not to,, 

severe. 

Experlment Salt 

1 2a 

2 2a 

3 2b 

2a 

2a 

2a 

TABLE 

Appllcatlon of the appropriate conditions 

results in the conversion of 1 to the vlnylo- 

gous amides da - e. in yields of at least 1305t. 

The assignment of the trans-s-cls structures 

to these compounds rests largely on the 

posltlons of absorptlons of the methylene 

protons at C3 in the ring. In secondary 

vlnylogous amides of this type, where the cls- 

s-CIS structure is greatly favoured by the 

resultant H-bonding, these protons absorb at 

around 2.7 ppm3. In compounds 4a - e they 

absorb at near 3.2 ppm. It is only in the 

trans-s-cls isomers, where the methylene pro- 

tons at C3 fall into the deshleldlng zone of 

the carbonyl group that this shift 1s readily 

explainable. The assignment of the trans 

geometry to the double’bond in 4a, in addltlon. 

supported by the magnitude of the extinction 
13 

co-efficient in the ultraviolet spectrum . 

The literature records 
14 

that the reduction of 

vlnylogous amides to &aminoketones 1s proble- 

matic, hydrogenolysls of the amino group and 

further reduction of the carbonyl group being 

frequently encountered. In our hands erratic 

results were obtained when attempts were made 

to reduce 4a or 4b by a variety of catalytic 

Base 

K’OBu 

Thiophl le 

Et3N 

Et3N 

EtN( iPr)2 

Et3N 

Ph3P 

P(OEt13 

Ph3P 2a 

Products 

da, 4TXa: 1, 35xa 

da. 45Xb: 1,48%b 

db, 47%‘; 1.27%a 

‘PhCOCH2Sa2; 20% 

4a, 49%b; 1,4Jxa 

1 ,63a; Ph3P = CHCOCH3. 69%’ 

4a. 74x8 ; 1. Present but not 

isolated in pure form 

4a, 90Xb 

a = chromatographlcally pure 

b = distilled 
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methods12, but reliably good results were 

obtained using lithium alumlnium hydride. Mass 

spectra of the total crude products showed no 

signs of overreduction and chromatographlcally 

pure products were obtained in yields of 

greater than 85%. Further purlflcation by 

distlllatlon or crystalllzatlon gave samples 

having spectra I” full agreement with those in 

the li terature15. 

EXPERIMENTAL 

Melting points are uncorrected. All solvents 

were dIstilled before use. Acetonltrile was 

distilled from CsH2 and stored over PA 

molecular sieves. Ether was dried over sodlum, 

while THF was distilled from sodium/benzo- 

phenone lmmedlately prior to use. Thin layer 

chromatograms (TLC’s) were run on Merck DC - 

Fertigplatten Kleselgel F - 254. while column 

chromatography was performed using Merck 

Kleselgel 60. Distlllatlons were carried out 

in a Kugelrhor apparatus. Ultravlolet spectra 

were run in ethanol and are quoted as 1 max 

(c. ). l3 
max 

C NWR and PMR spectra were recorded 

I” CDCL3 and absorption6 are quoted on the A 

scale relative to TMS. High resolutron mass 

spectra (IIRMSl were recorded on a Varian MAT 

212 mass spectrometer 1” conjunction with a 

Varlan SS-188 data collection system. 

Survey of conditions for the sulphlde 

contraction 

The salts (2 in the Scheme) were prepared 

according to the general procedure below. 

Reactants: see Table 

Solvent : Acetonltrlle in all cases 

excrpt for experiments 1 (ti)uOH) and 6 

(CHC13) 

Time and temperature: Less than 1 h at 

room temperature except for experiments 5 

(reflux 6 h) and 6 (reflux 2 h). 

Product isolation: Solvent removed in vacua. 

In experiment 1 the residue was chromato- 

graphed directly. In all other cases the 

residue was dissolved in CtlCl 3 or CH2C12 

and either washed with water to remove 

amIne salts (experiments 2,3 and 4) or 

extracted with acid (2 M HCl). The basic 

products were recovered from the acid by 

baslflcation and extraction with CHC13. 

Where necessary further purlrlcatlon by 

chromatography was carried out. 

Preparation of trans. trans-1-bromo-6-phenyl- 

hexa-3.5-dien-2-one: 

A solution of pyrrolidone hydrotribromlde 

(5.18, 11 mm?11 in 100 ml THF was added drop- 

rise over 2 h to a mixture of 6-phenylhexa-3.5- 

dien-2-one16 (1.7g. 10 mmol) and 2-pyrrolidone 

(0.76 ml. 10 mmol) in 100 ml THF. After 

stirring at room temperature for a further 2 h. 

the mixture was filtered and the solvent 

removed. An ethereal solution of the residue 

was washed with water. Removal of the solvent 

yielded 2.hg of crude product. Chromatography 

on silica gel, eluting with hcxane-ether gave 

the desired product (1.36g, 5.4 mmol) in 54% 

yield. Recrystallization from ether gave a 

yellow solid, mp 74 - 75OC (TLC. hexane-ethyl 

acetate, 1:l. Rf = 0.74) IR (KBr) 650. 695. 

760, 1005, 1585. 1675 cm -l; PMR (80 MHz) 4.02 

(6, 2, CH2Br), 6.49 (d. 1. J = 14.8 Hz, COCH), 

6.9 - 7.7 ppm (m.8); PMR (500 MHz) 6.45 (d,l. 

J = 15.3 Hz. H3) 6.87 (dd, 1. J = 15.5, 10.7 

Hz, H5) 6.97 (d. 1, J = 15.5 Hz, H6) 7.44 ppm 

(dd, 1, J = 15.3. 10.7 Hz. 114); 13C NMR (126 

MHz) 32.87, 125.40, 126.06. 127.30, 128.74. 

129.40. 135.61, 142.86, 145.14, 190.83: MS 252 

(7,M*), 250(&N+). 171(50). 157(72). 129(62). 

128(100). 127(39). 77(38); HRHS 249.99918 

(C12H110Br requires 249.99941). In addition, 

13% of starting material was recovered (216 mg. 

1.3 mmol) TLC. Rf = 0.63) and trans. trans-l,l- - - 

dlbromo-6-phenylhexa-3,5-dlen-2-one (362 mg. 

1.1 mmol) was obtained in 11% yleld. Recrys- 

tallltation from ether gave thls compound as a 

yellow solld. mp 82 - 83OC (TLC. Rf = 0.85); 

IR (KBr) 685, 735. 755. 1000. 1175. 1585. 1600, 

1645 cm 
-1 ; PMR (80 MHz1 5.88 (s. 1. CHBr2). 

6.73 - 7.58 ppm (m, 9); MS 332(2,M’), 330 

(3.6.~+), 328(1.9.N*), 157(100), l29(35). 

128(47). 115(71), 102(25), 77(29); HRMS 

331.90590 (C12H100Br2 requires 331.90600). 

General Procedure for Salt formatjon and Sul- 

phide Contractions: 

A slight excess of the requlslte bromoketone 

was added to a solution of N-methyl-2-thlo- 

pyrrolldone 1” a minimum amount of ether or 

acetone. The salt formatlons were monltored 

by TLC, and after 10 - 24 h were found to be 

complete. The solvent was then removed, and 

replaced with acetonltrile or dlchloromethane. 

Trlphenylphosphlne was then added (1 eq), 
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followed by a slight excess of trlethylamine. 

After 2 h at room temperature any precipitated 

solid was filtered off. the solvent was re- 

moved and the residue subjected to acid-base 

work-up. The products were generally obtelnrd 

in a high state of purity as evidenced by TLC. 

Preparation of 1-Methyl-2-acetylmethylene- 

pyrrolidfne (da): -- 

N-Methyl-2-thlopyrrolldone (3.5 mmol) was 

reacted with bromoacetone according to the 

general procedure. Compound (Pa) was obtained 

in 90% yield after dlstlllatlon at 100°C/0.5mm 

t+fj. IR (fllm) 1535, lG20 cm-‘; PMH (60 MHz) 

1.88 (6, COC113) and 1.6 - 2.2 (m, Cl12Clj2CH2) 

5 together. 2.78 (s, 3. NCH3), 3.04 (t. J = 

8 Hz, 2. CH,C=), 3.32 (t. J = 8 llz. 2, NCl12). 

4.77 (s, l,=CII); 13C NMR (126 MHz, 20.37,30.00 

32.74, 32.80, 53.85. 88.97.165.35. 193.4’3; 

UV 304(26300), + 1 drop 11 H HCl in 3 ml: 

291(24500); MS 139(3Q.M*), 125(10). 124(100). 

96(10). 94(8). 68(15). 67(8), 55(10). The 

picrate salt was recrystallized from 95 X 

ethanol, mp 135 - 136.5OC. Found: C, 45.tl; 

H, 4.3; N. 15.2 (C14H16N40e requires: C.45.7; 

H, 4.4; N, 15.2%). 

Preparation of 1-methyl-2-benzoylmethylene- 

urrolldlne l4b): 

N-Methyl-2-thiopyrrolidone (0.90 mmol) was 

reacted rlth phenacyl bromide aCCOrdlng to the 

general procedure. Compound (4b) was obtained 

In 90% yield as a chromatographlcolly pure 

solId (TLC, benzene - methanol, 9:1, Rf = 0.44). 

rhlch. after recrystalllzatlon from petroleum 

ether 40 - 60°C, melted at 103 - 103.5’C. The 

uelyht loss on recrystallization was large. 

IR (KBr) 1540, 1572, 1585. 1600 cm 
-1 ; PHR 

(60 MHz) 1.7’- 2.3 (m. 2. CH2CH2CH21. 2.92, 

(6. 3. NC1131 3.18 - 3.54 (m. 4. NCH2 and Cl12C=I 

5.62 (8. 1, =CH), 7.25 - 7.3&l (m. 3. aromatic), 

7.70 - 7.90 (m, 2. aromatIc); 13C NHR (20 MHz) 

20.5, 33.1. 33.4, 54.3, 85.9. 126.9. 127.2, 

i29.9. 141.8. 167.3. 187.1; UV 243(13500), 

334(26900), t 1 drop 11 M IlCl in 3 ml. 

230(7400). 243(5500) 321(28200); MS 201(58,N’1, 

200(62). 184(36). 124(1001, 105(12). 90(22), 

77(25). The picrate salt was recrystalllted 

from 95% ethanol, mp 135.5 - 137OC. Found C, 

53.4; Ii. 4.1; N. 12.7. (C19H18N40H requires: 

C. 53.0; H. 4.2; N, 13.o)b.j 

Preparation of trans. trans-l-(I-methyl-2_ 

pYrrolidrnylldenel-4-phenylbuc-3-•ne-2_one 

(4cl: 

N-Methyl-2-thlopyrrolidone (10 mm011 was 

reacted with crans-l-bromo-4-phenylbut-3-ene- 

2-one18 - according to the general procedure. 

Compound (PC) was obtalned in 80x yield after 

chromatography on alllca gel, with hexane- 

acetone as eluant, of the crude product 

obtained after the normal work-up procedure 

(TLC, ether, Rf = 0.62). Recrystallizetlon 

from acetone gave an analytical sample of the 

yellow solld, mp 103 - 104’C; IR (C!lC$) 992, 

1125, 1300, 1415. 1480. 1540. 1595 cm-‘; PMR 

(500 MHz) 1.79 (quintet. 2. J = 7.4 Hz, 

CH,C~,Cll,). 2.71 (a. 3, NCH3), 3.19 and 3.21 

12 x t overlapping. 4, .J = 6.7 and 7.2 Hz. 

NCH 
2’ 

and =CCH2). 5.02 (s. 1, NC=(X), 6.67 

(d. 1, J = 15.6 Hr. COW=). 7.12 - 7.24 (m. 3, 

aromatic), 7.39 and 7.34 - 7.45 (d and m over- 

lapping, 3. J = 15.5 Hz. d from ArCH); 13C _ 

NYR (126 MHz) 20.25. 32.83. 33.22, 54.08,90.33, 

127.17, 128.15. 128.31. 129.92. 135.69, 136.33. 

166.82, 184.24; WV 288(14800), 296(14500). 

364(30800) + 1 drop 11 M HCl in 3 ml: 366 

(38300); MS 227(96,H*). 226(68), 150(37). 

136(33), 124(100). 97(391. 77(43), 68(40); 

Found: C, 78.65; H. 7.63; N. 6.30 (C15H17N0 

requires: C, 79.26; H, 7.54; N. 6.16%) 

Prcperatlon of trans. trans-1-(1-methyl-2- 

wrrolldlnylldene)-6-phenylhexa-3.5-dlcn-2- 

one (4d): 

N-Methyl-2-thiopyrrolidone (4.0 mmol) was 

reacted YL th transl _ trans-1-bromo-6-phenylhexa- 

3.5-dlen-2-one according to the general Pro- 

cedure with the modaficatlon that, because of 

the lnstabllrty of the bromo compound, the 

salt formation was performed at 4OC, and hence 

was much slower. that is. the reaction was only 

complete after 3 days. Compound (4d) was 

obtained in 80x yield after the normal work-up 

procedure (TLC. ether, Rf r 0.60). Recrys- 

tallizatlon from acetone gave the product as 

a yellow solld mp 147 - 149.5’C; 1R (KBr) 710, 
-1 

755. 1000. 1530. 1580 cm ; PHA (80 MHz) 1.80- 

2.20 (m. 2. CI12CH2CH2. 2.90 (s, 3, NCH3), 3.35 

and 3.43 (2 x t overlapping. J = 7 Hz. 4, NCH2 

and GH2). 5.10 (6. 1. CzCHCO). 6.30 (d. 1. 

J = 15 Hz. COCNCH). 6.73 - 6.90 (m. 2), 6.95 - 

7.48pp:n (m. 6). PHR (500 MHz). 6.33 (d. J = 

15.0 Hr. 1. H3). 6.78 (d. J = 15.6 Hz, 1, H6). 
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6.84 (dd, J = 15.5, 10.7 Hz, HS), 7.27 (dd, 

10.5 Hz, H4); 
13 

J = 15.1. C NMR (126 MHz) 

20.78, 33.27, 33.56, 54.53, 90.69, 126.69. 

127.83, 128.07, 128.56. 134.1b. IJb.86, 137.22. 

137.39, 167.06, 185.16; UV 274(6820), 

326(21000). 377(34500), t 1 drop 11 M HCI In 

3 ml: 266(5220), 394(44800); MS 253(88.M’). 

252(65). 162(32) 148(35), 136(100). 134(59). 

128(35). 124(76). 97(47); HRMS 253.14633 

(C17HlgN0 requires: 253.14665). 

Preparation of 1-methyl-2-veratroylmethylene- 

pyrrolldlne (se): 

N-Methyl-2-thlopyrrolidone (3.7 mmol) was 

reacted with 3,4-dimethoxyphenylbromomethyl 

ketone17 according to the general procedure. 

Compound (4e) was obtained I” 97% yield as a 

pale yellow solld. An analytically pure 

sample, mp 135 - 135.5OC, was obtained after 

recrystallization from acetone (TLC, ether, 

Rf = 0.13); IR (CHC13) 1025, 1265, 1535, 1590, 

1600. 1615 cm 
-1 ; PMR (500 MHz) 1.86 (quintet. 

2. J = 7.6 Hz, CH2C~,CH2,, 2.80 (s, 3. NCH3) 

3.24 (t. 2. J = 7.8 Hz). 3.29 (t. 2. J = 7.3 

Hz), 3.76 and 3.80 ( 2 x s. 6, OCH,). 5.54 

(s. 1, =CH), 6.71 (d, 1, J = 8.3 Hr. aromatlc 

CH). 7.36 (dd. 1, J = 8.3 Ht. 1.9 Hz. aromatic 

CH). 7.45 ppm (d. 1. J = 1.9 Hz. aromatlc CH), 

13C NMR (126 MHz) 20.52, 33.03. 33.30, 54.19, 

55.55, 55.58, 85.33, 109.66, 110.15. 120.02, 

134.69, 148.31, 150.66. 166.89, 185.93; UV 

229(13700), 271(6200). 342(28300). . 1 drop 

11 M HCl in 3 ml: 236(9270), 278(6800). 

354(19600); MS 261(74. M’), 260(73). 246(46). 

244(43). 124(100), 96(28). 68(25); Found: C, 

69.13; H. 7.76; N. 5.43; (C15111gN03 requires: 

C. 68.92; H. 7.33; N, 5.35%). 

General Procedure for llthlum alum~n~un 

hydride reductions: 

Equlmolar quantitles of llthlum alumlnlum 

hydride and the vlnylogous amrdes were 

stirred together 1” dry ether at room tempera- 

ture for 30 min. (The reaction time, tempero- 

ture and quanltlty of reduclng agent were 

found to be critical for selective reduction.) 

Water was added dropwlse to destroy unreacted 

hydride; the ether solution was at-led over 

sodium sulphate and then filtered. The 

solvent was evaporated, yleldlng the producLs 

which were obtained in high purity as judged 

by TLC. 

Pt-eparation of (+I-hygrlne (5a) 

Compound (4a) (1.22 mmol) was reduced according 

to the general procedure, glvlng an 83% yield 

of hygrine (5a) which on dlstillatlon at 85*C, 

15 mm Hg (lrt7 76 - 77’C. 11 mm Hg) gave a 

b5X yreld of an 011 having IR, PMR and MS 

spectra identical to those described in the 

llterature7. The plcrate salt was recrystal- 

lized from 95% ethanol, mp 153.5 - 155’C (llt7 

149 - 151*c1. 

Preparation of (t)-1-methyl-2-bentoylmethyl- 

eyrrolldlnc (5b): 

Compound (4b) (0.54 mmol) was reduced according 

to the general procedure, grvlng a 93% yield of 

reduced product (5b) which was distilled at 

165OC. 20 mm Hg (lit lg 150°C. 3 mm Hgl. The 

dlstllled yield was 8%. IR (film) 1588, 

1675 cm 
-1 ; PMR (60 MHz) 2.32 (8. NCH3) and 

1.50 - 3.42 (m) all 12, 7.33 - 7.51 (m. 3. 

aromatic). 7.80 - 7.97 (m, 2, aromatic); MS 

203(17.H’), 126(6), 105(33). 851211, 84(100). 

FlZ(33). 77(47), 70(12).. The picrate salt was 

recrystallized from acetone - dlchloromethane, 

mp 165.5 - 166.5OC. Found: C, 52.7; H, 4.6; 

N. 13.4. (C1gH20N408 requires: C, 52.8; H. 

4.7; N, 13.0%). 

Preparation of (:I-dehydrodarllnine (5~): 

Vlnylogous amide (4~) (0.5 mmol) was t-educed 

according to the general procedure, resulting 

I” a 98% yield of dehydrcdarllnlne as a 

chromatographlcally pure yellow 011 (TLC, ether, 

Rf = 0.15). Despite extensive efforts this oil 

could not be induced to crystallize (llt7 mp 

39 - 4OOC). but the IR. PMR and MS spectra of 

the oil were rdentlcal to those obtalned by 

Blck7’15. 

Preparation of (‘I-dehydrodarllnglanine (5d): 

Vlnylogous amide (4d) (0.8 mmol) was reduced 

according to the general procedure resulting 

ln a 91% yield of dehydrodarllnglanlne as a 

chrom~tographlcally pure solId (TLC, Acetone- 

methanol, 9:1, Rf = 0.20). Recrystallitatlon 

from a large VOlUme of pentane gave a solid 

mp 41 - 44OC (llt7 42 - 44OC). The IR, PMR 

and MS spectra were ldentlcal to those obtalnrd 

by Blik 
7.15 . 
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Preparation of (‘)-N-methylrlrspollnone l5el: 

V~nylogous amide (de) (0.5 mmol) IJS reduced 

according to the general procedwe, excepting 

that dry THF was used in place of ether, ovlng 

to the lnsolublllty of (5elln ether. The 

product was obtdlned In 92% yield as a chroma- 

tographlcally pure yellow oil (TLC. ether, 

Rf = 0.041. The PHA. 
13 

C NMR and MS data 

obtalned for this compound were found to be 

ldentlcal to those quoted in the Ilterature 
8b 
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