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A&ma Several analogs of secoisoqutnolinc alkaloids bearing a di~th~ta~in~t~yi side chain and a 
bcnrilic. or reduced bcnrilic group wwc synthaimd. TWO independent mcthvds has4 on rht intermediacy of 
1.3dithians and O-bcmoylaicd cyanohydnns as acyl anion equivalents were used. 

Recently many secoisoquinolinc alkaloids have been 
isolated. Their characteristic structural feature is a 
dimethylammoethyl group derived, probably, in r!iro 
from degradation of the nitrogen~~ntaining ring R of 
transient quaternary tetr~hydr~is~uinolin~um salts. 
In result of that process a dihentyl system with different 
oxidation state of the two central benzylic carbon 
atoms was formed. Several representative alkaloids of 
that class are presented in Scheme 1. Bicucullininc I ’ 
and ~ryptopieuros~rm~n~ 7’ for example, areof bentil 
construction, N-methylhydrasteinc 3’ is a des- 
oxybenzoin. while aobamidinc 4’ and fumaramine 5’ 
can be considered as lactonc and lactam, respectively, 
derived from desoxybenzoin enol. 

SecophthalidcisoquinolintsO arc the most numerous 
groupin thosealkaloids in which acarboxylic function 
is present either in a free form (e.g. I, 3) or as lactone or 
lactam (e.g. 4.5). ~ryptopleuros~mine 2 seems to be 
by now the only representative of sacobenzylo- 
is~uinoline alkaloids with an open B-ring, while 
peshawarine 6’,” of still lower oxidation state was 
classified to the so-calkd secoberbines.’ 

At theout.setofour.attemptsofatotaIsynthesisofthc 
secoisoquinoline alkaloids we have performed some 
model experiments in order to construct the basic 
carbon skeleton of alkaloids and to introduce the 
dimcthylamin~thyi side chain. As starting substances 
in our study aromatic aldehydes were used. 
Hydrastinine derivatives 7, Ily.io containing the 
amtnoethyl substitucnt were substrates for the %pper” 
partofthemokcukandaldehydts9r cbecameasouroe 
of the “lower” part. 

Formation of the C-C bond between the two 
aldehydes was the key-step ofour synthesis. It required 
the \Jmpolung of reactivity ii of one of the aldehydes. 
For this purpose WC have applied two types ofmasking 
groups or aldehyde function of 9, These were: 1,3- 
dithians lOand ~-~n~oylat~~yanohydrins 1 I. L’pon 
their dcprotonation thesubstances were applied as acyl 
anion equivalents’ z which easily reacted with the 
ekctrophilic aldehyde group of derivatives 7 and 8. 

In this way we have elaborated two paralkl methods 
of synthesis of secoisoquinoline alkaloids. 

In the 1Jdithian method’ 3 (Scheme 2) thioacetals 
1Oa. b were deprotonated under the action of n- 
butyllithium in THF at - ?@ and treated with a 
hydrastininederivative7. Thioketals of benroins llr, b 

. - (-” 
* L)adicatedtot)rAmoMBrossiontfIcaxasiondhisSDrh 

birthday. 

wcrc obtained in good yield, Bcnzoins 16, b were 
isolated upon demasking of the f$dithian group by 
means of HgO/BF,.i4 While the reaction was carried 
out in the presence of air they underwent air-oxidation 
leading directly to benrils I7a, b. it was also possible to 
oxidire bentoins I6 to benxils 17 either with 
CuSO,,pyridine” or with air oxygen. 

In order to syntbesire alkaloid analogs with the 
N.N-dimethylaminoethyl group the thioketalo 121, h 
were reduced with lithium aluminum hydride to amines 
13a. b before hydrolysis of the thioketal function, The 
same amine 13r was also obtained from hydr~tinine 
derivative 8 and dithian 101 under the action of n- 
butyllithjum at - 75 ‘. Our attempts at deblocking of 
thethioketalmaskinggroupinamines 13weremet with 
substantial diIbculties. The most satisfying results were 
reached with the use of the NaNO~!CFICOOH’d 
method, which resulted in formation of tinal o- 
diketones Ma, b instead of the expected x-hydroxy 
ketones. 

In the second method of synthesis O-Mocked 
cyanohydtins were cmpfoyad as n~hific acylating 
reagents” (Scheme 3). A similar approach with the 
application of U-silyhited cyanohydrin was used for the 
synthesis of cryptopleurosperminc 2, however, no 
experimental details were disclosed in publication.‘” 
The reaction af O-bmzoyl cyanohydrins 118, b with 
compound 7 was performed in a two-phase catalytic 
system’9 with triethylbet@ammonium chloride as 
catalyst, Addition products 14r, b were formed 

Scheme I. 



Scheme 2. 

according to our expectation. In case ofcyanohydrin d 
mcthyi phthaialdchydate llc, the reaction required 
LDA as base and led to 6-iactone 19. A mild alkaline 
hydrolysis of those derivatives carried out under the 
argon atmosphere result& in bentoins 16a-c while in 
the presence of air benziis lfa, b were obtained, 
identical with products of the dithian method. 

For preparation of alkaloid analogs with the N,N- 
dimethylaminoethyi moiety, benroin benzoates 14a. b 
were reduced with lithium aluminum hydride to give 
amino-diols ISa, b. They could be easily oxidized with 
DNlSOactivated with oxaiyichloridezO leadingto final 
products I&, b, identical with benrils synthesized by 
the previous method. 

The synthesized analogs of secoisoquinolinc al- 
kaloids exhibit spectral features characteristic of their 
natural congcncres. The specific XNdimethyl- 
aminoethyl substituent can be easily detected both by 
MS and PMR methods. In the mass spectra it gives 
rise to the most intense peak at 58 m/e, derived from 
CH,=N (CH,)s fragment ion, suggesting a cleavage 
of @-bond to the N atom. In PMR spectra the two 
N-CH, groups appear as a sharp six-proton singlet 
between 2.1 and 2.3 6. 

The bond between the two central benzyiic carbon 
atoms is easily cleaved under electron impact 
generating two fragment ions corresponding to the 
“upper” and the “lower” part of molecule, respectively. 
These peaks can bc found in spectra of all compounds 
with various intensities. 

The diffcrcncc in the oxidation state of the central 
part ofmolecules is conveniently dcmonstratcd by their 

IR spectra. The two benziiic carbonyis exhibit 
absorption at 1660 and 1605 cm- ‘, respectively. while 
benzoins carbonyi appears at ca 1690 cm - ‘. 

In both methods employed for the synthesis of 
secoisoquinoiine alkaloids the overall yields are 
comparable. However, the use of cyanohydrins for 
nuckophiiic acyiation appears to be in favour over the 
1,3dithians, because of simpler reaction conditions as 
well as easier dcblocking procedure. 

The phthaiaidehydic acid derivative was one of the 
substrates in our synthesis, as shown in Scheme 3. The 
sequence of reactions : 9c - 1 lc --+ 19 + 16c indicates 
the possibility of introducing carboxytic group as the 
third function in a molecule. 

Resides, we have carried out an experiment in which 
benzoin benroatc 14h was reducwf by tin in 
hydrochloric acid giving desoxy knroin 20. These 
above transformations point to the possibility of 
manipulation of oxidation state within both knzylic 
positions. 

Our study presents a formal total synthesis of 
secoisoquinoiinc alkaloids containing the N,N- 
dimcthylaminoethyl group and the diknzyiic system 
of different oxidation pattern. The use of commernally 
available aromatic aldchydes and hydrastinine as 
substrates, seems encouraging for the practical 
synthesis of many naturally occurring alkaloids of that 
class. 

EXPERIMES’I’AI. 

?A.ps were determined on 8 KBR~F bio& and are 
uncorrcctcd.lRspcctrawcretakcninKBrpclktsonn Perkin- 
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orl. IR (film)cm-‘: 3500-2400.1700, 1670(hroad). PNR 6: 
I.23 (1, J - 7 Hr. JH, NCOOCH,CHsl, 2.80@. 3H, NCH,), 
2.76 3.52 (m, 4H. ArCH,CHxN), 4.06 lq. J - 7 Hr. 2H. 
N(~H~CHI~5.92(42H.0CHsO),668(s, lH.ArCJnOHI 
7.45-8.03 @n+ SH, 2H dkuppar on trtlllm~nt with D,O, ArH, 

C. 4i.22: H;S.jZ; N:J.i7. C& br C;,ti,,N&:‘C. 61.53; 
H. 5.40; N. 3.26x.) 

2. From hun:orn benzoa~ t4.s. A soln ot 148 f 107 mg, 0.2 
rnrn~)l)ln a~~oni~~le(?mllandO.l N F;aOH14ml) wass~lirrcd 
for 48 hr a~ room temp. Solvent was mmotrcd. the residue 

1. Frctm hpn:oin ld*.Toa srirtcd soln ofCuSO,* SH,O(%? 
mg, 0.2 mm& pyndint (0.3 ml) and wafer (0.12 mll’s t6r (43 

cxtractcd wtth ether. dried and craporatcd. The resulting 

mg.O.1 mmol) was added at 60’. The mtxfurc wasstirtcd for 2 

yellow oil wasczystali&d fromethyl ether giving 58 mg(W$) 

hr. c<x>kd. uratcr(S ml) was added and left overnight at 0 Thhr 

of yellow crystals of 1%. 

soIn wasdc~~ted and the remaining yellow oil wasdrsfotved 
in ether, dried and concentrated lo dcposlt 30 mg 160%) of 
yellow crystals of l?r, m.p. 102.5-104 IR cm- ’ : 1695, 1660 
and 1605. PMR 6: 1.22 (I, 3 = 7 He 3% NCfXK‘H,CH,). 
2.95(s. 3H.NCH,), 3.38 3.63lm.4H,ArCH,CH,N).d. 12fq.J 
= 7 Hz, 2H. NCOOCH,CH,), 6.01(s. ZH, OCH,Of, 6.08 (0. 
2H,OCH,O),6.91 ?.53fm,SH,ArH).MSm~?~fXf.427fM’, 
IL 27R 1431. 206 (10% 149 (49l. I16 (3.3). 44 (61). Wound: C, 
61.67; H. 5.02; N. 3.19. Calo for C,,HI,NO,: C. 61.112; H, 
4.95; N, 3.2ipk.) 

I. from lwnzctin 16b. Compound 16&(X3 mg.O.18 mmol) in 
a~Ion~~r;lc(6ml)and~.l N Na~H(2ml)w~restj~~ For 24hr 
at room temp. Solvcnf was evaporated and the restdue 
extracted wtt h cthcr. Organic phase wasdricd and evaporated 
to give 58 mg f?T’;) of t7b as yellow solid, which cyystatlired 
from anhgd IWIt. An analytical sample was prepared by 
dryrnn under vacuum at water-bath tcmp \o constant m.p. 
lob iO3.‘. IRcm * : 34U)fwarcrofcrytat~~~tiont. 1705.1680 
and 16% PMR 6. 1.20 (t. J = 3 HL 3H, lWCGCH,C&), 
2,92 Is, 3H. NCH,), 3.00 3 65 (m. 4ff. A&HICHIN). 3.93 (s. 
6t~.A~X~ll,~4.l~(q.J - ~~IL~~I,N(‘~XX:H,CH,),~.~~{~, 
2H.WH,O).6.73. 7.651m. 5H, ArH). MSm~e(~*):~3~M~, 
2).2’?X(421.?06(1W)). 16S(YI). Il6~19l.44(8l.(I~ound .C.61.43; 
H, 5.47; N. 3.06. Calc for C,JHtsNO,* 1/4H,O: C, 61.67; 
H. 5.74; N, 3.13%) 

2. from ben:& brnrtwrc 14.b. Cvmpound I4b(250 mg.0.46 
mmol) tn acrtomtrik (I6 ml) and 0.1 N NaOH (9 ml) were 
rcfluxed for 9 hr. After evaporation ofsolvenr the residue was 
cxtraclcd wlrhcrhcr washed with watcr.dncd andcvaporatcd. 
Theyellow rcsrduc wascrystall~rromanhydr~~us~thanol to 
give I25 mg t61°,) ofbmzil f?b, 

I. prom dirhian l&a. To a soin of I+% (203 m&O 44 mmol) in 
CF,C’CX)H (0.7 ml) and water (0.15 ml) NaNO, f2.f mg. f).W 
mmol) was added.‘” The nnxturc was stirred for 40 min. then 
water (5 ml) was added and the rntxturc rcndcrcd alkaline with 
15”;KOH. It wasextracted withclhertiftDragt-ndortlrcslwa9 
negative. After drying and removal of solvents Ihe resulting 
yellow oil w~chroma~ograph~on 2’aluminumoxidt( I : IO) 
with bcnz.cne to give IO2 mg (637+) of pure I& as yellow oil 
which could be netrhcr crysUirrd nor &stilled. IR {film) 
lm-‘: 1665and1605.PNRJ:2.26(s.6H.NCH,).2.56(m.2H, 
ArCH&+&Nl. 3.22 fm. ZH, ArCH,CH,N). 5.93 Is. ZH, 
OCH 2OX 6.m fs. 2H. CK‘H,OL 6.70-7.46 (m, 5H, ArH). MS 

m/e (%): 369 (M’, I). 220 (2). 149 (6). Jg (100). (Found: 
C. f9.89: Ii, 5.50; N, 3.56. Calc for C,,H,,NO*: C, 65.@3; 
H,5.18;N.3.78.)Pnchlo~~e~rot1&:ydlownaxtta,m.p. 
18T’ @cc), (Found: C, 50.95; H. 4.08; N, 299. Calc for 
C,,H,.NO,*HClO,: C, 51.13; H, 4.29; N. 298”/) 

2. fromdiol l!k. A stirred soin ~f~~~ch~o~d~(O.23 g. I.8 
mmol) in dry mcrhykne chloride (4 ml j was cooled to l50 
and DMSO IO.37 IL. 4.8 mmoll in dry mcthyknc chlonde f I 
ml)*” was added dr<pwise. Stimng w& con&cd al - 60 for 
IO min rhcn lSa(O.37 & 1 mmol) m mcthylenc chloride (2 ml) 
was Introdud dropwise. The mIxlure was sftrrcd for I5 min 
and rriclhylaminc f I .oO g. IO mmol) was added with stirnng at 
-60 ‘Ihc cooling bath was rcmovcd and water (6 ml1 was 
added at room temp. Stirring was contmucd for IO min and 
organic layers were separated. The aqueous phase was 
cxlractcd with mcthykne chloride, the comhinad organic 
soins were dried and evaporated to g~vc 0.23 g of alkahnc 
fraction. wluch was ~hroma~o~aph~ on 2’ aluminum oxtdt 
(I : IOlwith bcnzcnc-cther(9: 1). Ikntill& wasobtained with 
4P, (0.17 g) of yield. 

5:2.27(~.6H,N~H,),2.lfi3.42(m,4H,’ArCH,CH,Nf,3.X6(s 
6H. Ar(X‘H,l. 5.91 (s. 2H. oCH,Of, 6.63 (s. broad, IH, 
disappears on treatment wrrh D,O. water of crystaftizafinn), 
6.77-7.51 (m, SH. ArH). MS m/e (D/o 385 (M l , 2), 220(21,165 
(5). 5X (loo). (Found: C, 63.79; H, 5.91; N, 3.55. Calc for 
C‘,,H,,N<>,* 1:‘2H,O: C. 63.95: H.6.13; N. 3.55:<.) 

1 from dithtan 13b. Compound il?& was prepared from t3b 
(I43 mp. 0.3 mmol) by the same mcrhod as used m preparing 
I& ytid 6Omg(52”/6)m.p. 8%9l’,ycllow needles &o&e&c; 
IRcm ’ : 34MIwaltiofnntallizattonl. t66Oand 1605. PMR 

2. From dwt ISIB. Dial I!%(.%4 mg, 0.X mmol) was oxiditcd 
with DMSO oxalyl chloride m the same way as diol Ik, 
leading CO benzil f3b f;rpO mg 94S;) as yellow crystals. 

n-Ruti (1.1 mmoi) was added drop= to a sotn d 
diisnpropylamme (0. IO g. I mmol) m dry THF (4 ml) at D 
under argon. The wln was cool& to - 70 and I Ic IO.29 g. 1 
mmoilinTH~~2ml~w~in~r~u~dropw~ ytcldiagadark 
red soln. The tcmp was maintamed al - 70 for I;2 hr. then 
allowedrorixro ~and7’,‘@{~.2~~ f mmol)inTH~( 1 ml) 
was added dropwise. The nuxture was kept at - 4@ for I hr 
then brought IO rtirn temp. poud on m: NH,C‘I and 
extracted wilhe~hcr.~eor3ani~ph~ wardriod.evaporamd 
and the rcsuirmg oil (0.55 gl crystalltz& on treatment with 
ethyl cthcr. Dimlion with M&H yielding 0.15 I( (36%) of 19 
as a very unstibk crystalline so1id:m.p. Ii5 187’. IR -&I * : 
172Q16f5 and 1650. PMR6: l.g$(rn.3H.~C~H~CH,~ 
2.50 (s. 3H, !WH,), 2.47 3.80 Ini, 6H. ArC:H,CIH$l %d 
NCOC)CH,C‘H,l.6.1Xl(s,2H,O<~HrO).6~92(rlH,ArHi.6.98 
(s. IH, ArH), t.45.8.25 (m. 4H, ArH). MS m:c (O/o): 411 
(MM’. 201. 295 (22). 176 (141. 163 (II), 149 (25). 132 (7). 116 
(IO@. 44 (96). (Found: C, 63.97; H, 5.50; N, 3.50. Calc for 
~,,fI,,NO;:i‘,66.23;H.5.15;N,3.4(Pi,.) 

Fknbn benroatt 14 (0.18 g, 0.33 mmol) dissolved m 96”/, 
EtOfi 15 ml) was treated with cone HCI (0.24 ml), Sn (0.12 g) 
and catalygic amounts ot CuSO,*SH,O. The mixture was 
rcfluxcdfor 5hr,Mtovcrnight ivithstimngst room tcmp.thm 
coocHCf(0.i5ml)and~in(80mgfaddoda(tainand~~ux~~or 
9 hr and kR overnight. EtOH wasevaporaicd and the residue 
extracted wirh et&r. The ethereal extracts were washed with 
l~NaOH,wa~~~d~~andcva~rat~Fo~vc~mg(5~~lof 
crystailim Zo, m.p. 106-IO&’ from McOH. IR cm ‘: 1695 
(broad). PMR 6: 1.20 (m. 3H. NCODCH,C&), 2.83 (s, 3H, 
NCH,X 262-3.43 fm, 4H, ArCH,CH,NI 3.93 (s. 3H, 
A&X&l 3.95(s. 311, ArGCH,1.3.90-4.lO(m 2H. NCWX& 



and M. ~kn7~3WJsK~ 

<:tt,).4.26(~,2H,ArC~,~5.90(~2~i,OCH,O).6.636.95(m, 
3H. ArH), 7.58 7.73 (m. ZH, AtH). MS m,+ (%): 429 (M -, 61 
411(1R).2M(2).165(100).116(38~64(58).(Found:C,W.35; 
H, 6.25; N. 3.15. Calc for C,,H,,NO,: C, 64.32; H, 6.34; 
N, 3 26”/,.) 
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