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In this review an analysis is made of literature information on the synthesis 
of protoberberine alkaloids during 1980-1990. 

Protoberberine ........ =~K=~o~u~, which are based on the diisoquinoline skeleton, contain a 
large group of natural [I] and synthetic r~ ~=j substances. For decades, these substm~ces 
have attracted the attention of chemists m~d pharnmcologists by ........ u,ezr ~gn physiological 
activity and the possibility of their investigation by various methods of sp~thesis and 
chemical transformations connected, in particular, with the inversion of ring D, leading 
to the transformation of the protoberberine bases into alkaloids of the rheadine, retro- 
protoberberine, spirobenzylisoquinoline, and benzazepine series [3-g]. 

Interest in tetrahydroberberine and berberine derivatives has risen in connection with 
the finding amongst them of antitumoral r,~ ~vj, spasmolytic L±~jr'~, analgesic [~],~= sedative 
r ,  ~ ''~ L~SJ, . . . . . . . . .  16] , l¢3J, hypotensive l~=,r'o ~ . j  , vasodilating r, ~ cralqu~±xmlng [ and other types of ac- 
tivity ["= ~ ±oaj. A n~mber of substances are used for the treatment of cardiorespiratory 
diseases [17] The protoberberine az~a±o~d~ berberine, paLmatine, and jatrorrizine exhibit, 

~8j in vitro, an antLmalarial activity similar to the of quinine r, ~ 

The synthesis of the protoberberine alkaloids is a promising direction of modern 
organic chemistry which is developing in interesting fashion and is connected with continu- 
ous progress in the methods for their isolation. Information published up to 1980 has been 
analyzed in a monograph by Shamma [i] and in the reviews [19, 20]. We have attempted to con- 
sider and systematize in the present review the most interesting approaches, from our point 
of view, to the s~3lthesis of this group of substances that have been realized in the last 
decade. 
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The most widely used method for the s~u~thesis of protoberberines is the .......... C J.W.:m S J. C a  J .  j.'.t ,w .[ .l - 

nich condensation of l-benzyltetrahydroisoquinolines with formaldehyde in an acid medium 
(scheme ' "~ "~-:- == "~:'- • ~. z~,a~ route is generally adopted and is the most e~zeu~ve. 
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One of the methods of s~thesizing the intermediate l-benzyltetrahydroisoquinolines 
~"~ t±s L~], with substituted . . . . . .  <v/consists in the condensation of $-phenylethylamines ~ r~ pneny±- 
acetic acids z~ = . . . . . . . . . . . . . . . . .  < ~ ± ± j  with phosphorus ix±2 xo~±o~e~ by the o±~cn~er-~apzera±~K~ cyclization of r ~  

oxychloride and the reduction of z~'~ <±v) with sodium tetrahydroborate. The cyclization of 
~±~±y and ~vy depends on the nature of the substituents and their positions. The effect 
of a substituent has been studied in detail r .... ~ and it has been established that the L ~ - ~ Y J  

presence in the benzyl part of the molecule of ~'~ kv2 of two methoxy groups in positions 3 
and 4 (Va, X = H) leads to the exclusive formation of the para-products of cyclization 
~v,ll-dimethoxy substituted products, the so-called pseudotetrahydroberberines z"~ k v ± ,  R 1 = 

n )  L ~ ,  ~ J .  

T h e  i n t r o d u c t i o n  o f  b r o m i n e  o r  t h e  b l o c k i n g  o f  t h e  p a r a -  p o s i t i o n  ( V b ,  X = B r )  does 

not give the expected ; ~ ' ~  - bearing the bromine tv~±s, but leads either to oyclization at C 6', 
atom, with the formation of ~v±us;"~ ["~ ~" or ~ o j  to the formation of the ~-meun~± ...... derivative 

~ a  which is possibly connected with the deactivating influence of the 

bromine on the nucleus. 

~en a hydroxy group is present in position 3 of the benzyl part of the molecule, the 
cyclization reaction becomes selective, depending on the pH of the medium. At pH 2, the 
reaction takes place exclusively or predominantly in the para-position. ~ ..... ~ x  1 1 1 U ~  \ ± ~ U )  forms 

a mixture of z~ z~,\ /,~ ~ ~,. ~xs and ~/ in a ratio of ~:~ ~ ~ Lm~Jr"'~, while from ~x~a/ une ratio of the products 
is 93:7 r n : 3  . . . . . .  a L~OJ. wXun " decrease in the acidity of the medium, the proportion of the ortho- 

~L 
isomer ~='~ k=±bs ratio I, ~y rises, and at pH ,.~-8 the ~ "  ~ ~ ' ~  ~ 2: r ~ , ~ \ . r ~  ~ I: ~ay:~±ay ratio is 1 and the ~u2; 
while at pH '~ r . . . .  • v equal ~sounts of z~, ~ay and ~±ay are formed. A difference is also observed 
in the rates of Pictet-Spengler cyclization: for example, at a pH of about 7 the rate of 
the reaction is considerably faster than at pH 2. The introduction of bromine into ~cjz~" ~ 

~Sj. gives "~" ~ <.~cj with a good yield even at acid pH values [~ ~ 

IX a-c) _X a-c 

b) ~'CH~;x=H 
c) 8:GH~; x=Br 

+ RO 

OR 
OH 

x3a, b 

Mannich cyclization is a convenient method for s~T~thesizing 10,11-dimethoxy-substituted 
tetranydroprotoberberines r ~ L~, and o-metnymtetranydroprotoberberines if acetaldehyde is 

used in place of formaldehyde. 

As already mentioned, the key compounds in the s~-nthesis of the tetrahydroprotoberber- 
ines by the m~nn~cn ...... reaction are the l-benzyltetrahydroisoquinolines z~,~< v~, the synthesis 
of which is effective and simple with the use of the =~cn~er-f~piera-~" ...... Lr~mmaJ ~ (sche~ne I), 

L 2z-C j ,  Pictet-Spengler r~L~bj,~ Pomeranz-Fritsch r ~ ~ and Scnot~en-~aumann r~L~j methods and their 
modifications. However, work on the improvement of the methods of s~n~thesizing l-benzyl- 

L3vj have proposed to use zinc, tetrahydroisoquinolines is continuing. Thus, Shono et al. r ^~ 
promoting the alkylation of the iminium salts k~±± ~ ..../\ by the a~y- .......... n~xues ~±±±); ..... ~, which 

enables the ..................... ~ ..... ~-benzy-ueuranyuro±~oqu-z,o~znes kAxvJ to be obtained with high yields koo-~,~2[~'- mn~ 
by scheme 2 8-Oxoprotoberberines z,=,\ • k=v/ have been s~n~thesized by this method, opening up 

a route to tetranyuropa~]~atine z~,-. ,- . , ,  ,, . = . , - ,  . . - - .  kn-vas and canadine ; .... ~\ (see scheme on xox±ow-l~g page) /,Z',.V .LU y 

Two mechanisms have been proposed for this reactior.: 

4- 

Rx zn_ R Zn× >O=N< >O(R)-N< (i) 

÷ zn. ;~-N< Rx -C(R)-N< (,3~ 
;G = N< +2e 

The first takes place as a Zaitsev reaction, and the second with the transfer of an elec- 
tron to the imini-~n~ salt in a similar manner to ~±euuLore~cL±o,~ ....... r~L~Xj. ~'~ the present time, 
there are no clear proofs of one mechanism or the other. 
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One of the possible routes for the synthesis of ±-benzy±tecranydroisoquino±ines t~.~±v ~ . . . . . .  ) 
h a v i n g  a m e t h y l  o r  p h e n y l  s u b s t i t u e n t  in  p o s i t i o n  4 i s  t h e  p h o t o r e d u c t i o n  o f  a s t i l b e n e  
t-~-~*±s and an amine in the presence of para-dicyanobenzene to give an N-substituted i,2- 

<~-'-2 with a yield, of more than ~V/o. 

~=sSusn gives ~,~±v)  w-un a yield of "~ ~" [38b] 

xx~__j 

CH,61 
R 

a,b  

a) RjC, H(O~) ~e 

The latter, on treatment with 

xx~_.._~ a, b ~ - R  

The accessibility of ~-benz~-Le~ra~,ydro~o4u~no~,e= is leading to a search for condi- 

tions other ..... those of the Mannich reaction for their cyclization to protoberberines 

• ,~u=, it ,,-,s been found that cyclization can be ...... ~un~e~e~ by the reduction of ...... \.~-. v d,. J- ) w.k u~l 

ferrous .~# . r .-, su±,.aue t3m, 33] or by the . . . . . . . . . . . . .  ~v.L.L.~) ,,n Br, Scheme 2) both by car- 
bon monoxide (in the presence of ....... pa--au±um diacetate, triphenylphosphine, and tri-n-butyl- 
amine) [34], and also through the treatment of z ...... ~v~±~; X = Br, R 2 = "*~ n) with metal car- 
bonyls, "" r,,.,~ ~,_ z,-.,~ ~*3Zo)I~ ~ and ~ r~ :-,ex~uU~y. ~ne best results were given by the use of Coakuu) 8 
~O~o~ [35]. 

Such a route via N-formylation effected with fo-rmic acid in the presence of triethyl- 

• o~±oweu by the action of ~±s""'~" on ~v~x~) ~ = R z = R S = ~ = v~n 3) in aceto- 
13oj (Scheme ~ ~IX~ in 5UXo yield r "~ nitrile leads to the dimethyl ether of glabrine z,, I ~ ~ ~ / , , ' .  
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The presence of -au~n~ in compound ~=~ ~ . z w , ~ j  (Scheme ~ ~ ~ . . . . . . . .  ~ . . . .  ) per[nits 9, ~.u-u,.~leunuxyueuranydro- 
berberines to be obtained r ~ ........ 13, j, and ~±u~-~m also promotes the formation of chiral l-benzyl- 

/ xzxz~- % ~ _. 
tetrahydroisoquinolines [38a], such as <~_~±) by the scheme given below: 

f/•N CHsOT~w~ 
H~ C O ~  t- 8u LL ArGH~L 
Ids CO ~A~KvNR " ~11 C H 3 0 ~  NPI 

LL N . 

= t - B u  H __ OGH~ 
xx_j 

The Vilsmeier-Haack ring-closure of the l-benzylisoquinoline gives mainly the 10,11- 
disubstituted protoberberines <~v/z .... ~ [39]. 

R~3 ~ .CH~ 
ROaN __ ~'f'~÷ [~L .CH~ _~/~H-N~cH~ 

~-.~N ~'C-N\ H ~ OGl~ 

- -  

xxv  OO~ 

~%e sch~,~es considered above are ineffective in the case of the s~u~thesis of 9,10- 
substituted derivatives, wn-cn ..... exhibit a higher physiological activity than the 1 ~ ~ " u,ll- 

isomers r~ ~ ..== .~ ~ Lm3J- Thus, a d±1~erenu approach was required to tile s~nithesis of the 9,~u- 
dimethox~-protoberberines, and it was found by Japanese chemists [40]. They, using a 
route proposed by Battersby et al. L~j,r'~ ~ were able to solve the problem of the ortho- 
hydrox~mlethylation of 3-hydroxy-4-methoxyphenylacetic acid with the aid of phenylboronic 
acid with 83% yield. The development of an accessible method of obtaining z ..... ~_~v./ led to 
the s~nthesis of a "large number of 9,10-unsubstituted protoberberines ~v-j ~ .... ~ ~r~-ab±e~ .j~ ~ by 
the ~ "- ~ .......... : ~m-5,~. ~u has been shown in a n~,i- =z~cn-er-.~apze~ reaction using Scheme 3 (23, '~ ~ ~ 
ber of publications .... in place of the 3-isochromanone z ...... -nau ~ ,~ , -~v±± j  it is possible to use the 
bromo ester k2~zkJ-AJ 147, 5~j or the (see sch~-ne on 3 k ~n j - l~oquino ±o,~e ~,.~.,,-~ lWO] - O--Ow ang 
page). 

Later, a number of authors r , ~  L~=-55~ proposed other methods of obtaining the substituted 
3-isochronmnone ~ = ~  Lnrougn lithiation stage. k~_~vmm~. The most promising of them is s~nthesis ..... a 
An advantage of this method consists in the fact that lithiation takes place readily in 
positions of difficult access by the usual methods, and the aromatic m±~: ..... unarm derivatives 
formed tea,: apidly with various electron-donating reagents. The position of entry of 
the ~ -" ~" : ..... ±±u~±~ into the aromatic ring is determined by comp-ex-~ormauion of the reagent RLi 
with the e±ectron-uona,ing groups of ~ ...... ~ ......... z~., k~-~-2 such as, for ex~iple, -uun s and -~n2-'~.~k~nsj2, 
_ . 1  : 1 
w n - c J l  d i r e c t s  t i l e  l i t h i u 3 l  t o  t h e  . . . . . . .  p o s i t i o n  [ i~ '~ ( . . . . . . . .  ~ . . . . . .  u:L~u ~ . . ~ , - ~ - - j  ~ positions may be 2, 5, 
and 6] However, in compound ~ ...... ~ ..... • k~-~-±~ the more acidic proton present in position 2 w~±± 
be replaced by lithi~-~l. ~ne replacement of this proton is, of course, impossible in the 
case of an electrophilic process uau=±~eu . . . . . . . .  by acids. 

The reactivity of a reagent can be improved by complex-formation with chelating agents, 
and the activity of the initial aromatic compound by comp-ex-±ormation with ~r<~uj~-z~ . . . . . . . .  ~:roug~ 
an increase in the acidity of the aromatic proton. The possibility :~ .... been shown of using 
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the substituted lactones ~ . . . . . .  ~ for the s2n~thesis of the 13-methyl compounds ~ . . . . .  ~. z,,.,,,z,, v a ;  a n d  k z ~ ' . z ~ - -  v . ,  

of 8-methyl- and 8-phenylprotoberberines l.A.zX.n.v.J./f . . . . . .  ~" L5Bj.r 1 

. ~ N / O H s  z n- B u L L  I .  G L ~ O O E t  

OGHa 4. H30 
X X X~-----/ X XX HI 

+ R ~ ~  

a) R~=H b) Rs=CHs 
b, c) R,=H ~ ~ XX×£/I c) Rs=D~Hs 

R z 
R~ 

The 3-isochronmnone r . . . . . .  -, ~vmmaj can serve as the starting material for obtaining a chiral 
a.1 -i 

t S ~  • vinyl ~---ox~de ] l~e interaction of ~_~v-~a) with ~,3-dimeLnoxyber.zy-m~ine in boiling 
ethanol gave an m-aide ........ w~z~u~, on reduction with , ~-n~ ...... in T'n~ yielded an ~raino alcohol. Treat- 
ment of the latter with trifl~oroacetic anhydride followed by oxidation gave the aldehyde 
~:~_~v±~) in O = / o  yield. Compom-~d ~ - _ ~ v _ L . ~ ;  was olefinated with ~- ~ ~t'-rs ~ - u z m e = "  . . . . . . . . . . . . .  ~nyxpnospnory ,,r, eLny 
p-uo~y~ sulfoxide by the norne~-wzuu-g .......... method with the formation of the two -v-~ny±: -~ sulfoxides 
k z~%z~V-L~-L ]/xrzr~r~r'r'r'r% [ f .h f ~ h  ~ f~ h [ ,-, '% 2 :  . <R~)-~) <~s~-<~; I] Treatment of the mixture obtained with benzyltriethyl- 
anmlonitm~ hydroxide gave a mixture of diastereomers with a predominance of ~ ....... k~±~, the intra- 

~R-~- molecular rearrang~-nent of --~wn-cn-" ~ ua~der the action of trifluoroacetic anhydride gave ~ 
(+)-canadine z .... ~ = ~ " ~ v ± b ~  (see scheme on ~o±-owzng page). 

~czz-er--N~p~e~K- - ~ " - ~ "  " "" - = ~ -  ~ : Investigations of ~:" ~ ' ~  " "~ : - ' ~ ' - "  cyc~u~on using the uomopnu~,a±~c anhydrides 
~,~a) has contirmed. ~n~ condensation of the fm~ctionally substituted compom~ds / ~ "  ~ . . . . . .  iz~' ,a] w - u ~ l  

p-pne,,y-amzne or with 3,~-dinydroisoquino-ine z .... <~,x) forms = route to the 8-oxo compound 
/ "~r'r - r - r  \ <~,-±) or to the 13-carboxy-8-oxoprotoberberines k~, -m-~1"': . . . .  ~ L3=,r ~ 60 ~J . The reactions of k~u~"'~" "'~) 

and " ~ " "  ' k~ua2 in chloroform at room temperature gives a mixture of cis- and trans-13-carboxy- 
2,3, '̂ .u, ll-tetramethoxy-8-oxotetrahydroprotoberberines with a predominance of the trans- 
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isomer l ' "  ~ ~ ;  R ~  a n d  R~. a s  i n  " ~,,aj. Boiling the l a t t e r  in acet ic  acid leads to epimeriza- 
tion with the formation of the cis- isomer 13~jr n~ • ~'a~%mm-" ~ method has also been used for ob- 

taining ........ = -me uny - - ~, 10-methylenedioxy- substituted protober berines z ..... ~ \ k~.vu/ by using the ap- 
propriately substituted phthalic anhydrides k~u/z~=~ lO.-o3]r'~ "- ~. 

~[a R.,=OCH s" R =M RO ~ _ _"~_ OCHs 

xu ~ CHaO-~" - 

-- R~ XL__~ a,~ 
XLII..__/I 

;e-~ effective route to such anhydrides ~ . . . . . . .  <~u, R=R =vun=) has been proposed ,o~r" ~ that 

starts from 3-ethoxy-2-hydroxybenzaldehyde, . . . .  wnzcn is an -~nuu~ur~="~ :~ waste, or from ~ , z ~ v ~ ± : :  . . . . . .  \ 
[65] by the following scheme 

Clio CHO '0% ooH o 

~OO2H s ' " . ,~ ,.., .~. MeCOCHz(~OOE¢ ~L~-'9"t" 0 

a) R:H XXVll 
b) R=Sr 

It was found experimentally that the use of POCIs at the stage of the cyclization of 
I . . . . .  ~ ~ ~ ~v±) . . . . .  a yield of k~uv) gave m,3-dimetnoxy-8-oxo-5,6-dihydro-dibenzo[a,g]quinolizine i ..... w±un 
not more than 35%. The use of pol~hosphoric acid increased the yield of ~ . : , . . u v ~  ~ . . . . . .  \ to ou~,~ 
while the phthalimide i ....... ,v4 k~xx) was cyclized ~!der these conditions with a yield of ~ [~uuj 

H CO M NM n RO O 
"~ HO0% 

x-57 
XL_._~ XLVII 

J t . i  _- 1 . . _ . I  : The-re is definite inte+'est in synthesis via the conuensation of the 3,~-u-u~uro±~o- 
ouinoline ~ "  ~ \ k~) with the anion of the Dhthalide z . . . . . .  ~ z • ~ = • ~A'.~Aas ~yze±u 65%, obtained from 
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TABLE I. S~n~thesis of Tetrahydroprotoberberines Using Com- 
. kz '~vJ -± )  • ~,z~,.J.~.j, and ,,.,',.,,-¢) 

"-. R~,..~P.gs 
B.,. 

H 
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H 
H.. 
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H 
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H 
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t~ 
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H 
H 
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• H 
H 
H 
H 
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O£H~ 

., 6 . :  
0 ~ 0  
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., ~ ] OCH~ 
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H 
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H 
H 
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OCH~ OCH-. :,~ . H. 
" ]:::I" 

o ~  [ o&-~-: " OCH~ 
H ' 

OCH, l: ; 
-H / . .:::" 

H H ~ .t 

OCH3 1 ~ . o c ~  ~: OCH~ 
H / FI':" H 
H l H H 

H 
OCH~O H 

HH OCHa. I O~3. 

OCH~ - , 
H O~'f=O. 
H, 

H 
H ocH, ] H 

I - I .  . H -  ocH~. 6cm I-ocH~ 
H ' -:.;..' :OC;~:O 

OC,,H~ OCH~ I H 

~.:'..4B :. sT 
47, 57 
47, 57 
47,. 57 

~7, 57 

52 
52 
57 
5[ 
51 
~ ;  57 .  

'16 
45 
14. 
44 
55. 
55 
57 
57 
43. 
43 

6,7-dimethoxy~hthalide and (iso-Pr)3N%i in tetrahydrofuran, to 13-hydroxy-8-oxotetrahydro- 
protoberberine i. ~ [62 ~ " ' ......... ~a~ . o~j or with the 3-na~opnun~ue z ~  ~mx~uj via aphthalidylisoquino- 

line to the tetrahydroisoquinoline <~ujZ~ L3Uj.r ^~ 

Li. R0 

+ RO . .pO 

%oo Ho~,.,~rOOH~ 
XL~ ~ H  3 0 

X 

ff LiALH~ RO 1t"  N 

R R3 0 CH3 ~N -- R3 

R~ 2 ~ ~. b 

Scheme 4 

Tetrahydropalmatine / .... x ~v-a) has been s~n:thesized by a nine-stage process starting from 
3-(3, ' . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . .  ' "  ~'~ ' "  "~-~x " ":-~' ~-u-n:eL.oxybenzy-±uene)-o.~-u~me~.o~yp~zL.~zue ~.,,J.) via compour~d ~.,-±j in ~u/ , ,  yield 
[68 ~'~ , U~J • 

3 9 7  
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A.. m~usual chain closure has been proposed by ~=n~=~ .............. and Du=du:z" L/ujr~m~ for ~-L~3' r l ,,,4,,_ 
d-metnu.~ypneny-euny-; carbamoy- j -3- < ~ -methoxypheny - j - ~-me-hy.-3, ~-d±nyuro- ~ k ~n j - -soquzno±une 
ku±-±j, which gives 8-oxoprotoberberine / .... <u±v) in 35% yield. 

New approaches to the s~mthesis of the protoberberines have been proposed in a series 
of papers [ .... ~ Their originality is based on the biradical cyclizationof ~ /~ " .... 1--t ~j. ~-k urlmeuny±- 

• I i n IA sz-y-xy-y-j-3,4-dihydroisoquinoline salts z .... k,.v- in Scheme 5) obtained by the ......... s-a-Ky.aulon 
of 3,4-dihydroisoquinoline by substituted z~.. ......... ~ o-~ urlmeuny±sl-y~meuhy-lbenzy± halides. The ir- 
radiation of these salts leads to the formation of the tetracyclic protoberberine system, 
accompanied by the successive transfer of an electron, desilylation, and biradical coupling. 
~"ne mechanism of ~Lnz~'~ reaction is connected with intramolecular single-electron transfer 
ko~.,j from the side-chain of the arene in an excited state to a phenyl-conjugated imini~n~ 
cation and the formation of a biradieal [71]. The trasnfer of the electron is initiated 

Lv " ~ O S H 8  

L V ' r  OOH~ 

Scheme 5 

by irradiation. Xq~e photoinitiation of o~z~ processes connected with ues.±y±au-on = ........ and the 
formation of the corresponding benzyl radicals takes place very rapidly and, as a rule, 
excludes other reactions. The formation of a C-C bond from the biradical intermediate 
product gives the required substance. The use of silver perchlorate in the reaction of 
bromide ~ "  ,,,,v in Scheme 5) with 3,~-u±ayu,o~oqu±no±~ne . . . . . . . . . . . . . . . . . . . .  increases the yield of the product 
~,.v±2. ouu~e~ue~:- irradiation of aeetonitrile solutions of the salt z .... %,.re] by a mercury 
lamp (l 270 nm) favors the selective irradiation of the chromophore of the phenyl-con- 
jugated iminium ion, ..... wn-cn leads to the tetraeyclic product with a ~e±u of OU~o. ~nu~ 
photocyclization through the successive route of SET and desilylation leads to the con- 

, ' ,  -" -- ..-" J a - • ~ i % L ~  str',~ction of a ~-p~pe~u±ne ring The key fragment in . . . .  scheme is the production of 
Compound <~vr'~ (Scheme 5). A method has been developed for the two-stage synthesis of the 
unsubstituted ~ . . . . . . . . . . . . . . . .  ~ " "" ~ "  ~ '  ~ <trzme-n~±sz~,meun~±~benz~± bromide ~,.va~. For this purpose, the o-methyl- 
benzyl .... ~ . . . .  a±cono- k,.v± in Scheme 5) was converted via lithiation and then trimethylsilylation, 
followed by replacement of the hydroxy group by bromine, into the required z~,, \ ~. - , v a ) .  
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S~-nthesis of tetrahydroprotoberberines by scheme 5 has become competitive with the 

m ~ n n z c n  and s~-nthesis described above including ...................... =±~c.~er-~,=paera~sK± cyclizations., thanks 

to developments by certain authors [75, ~o~ who have proposed an alternative route for the 

~-ku~zmeLn~±s±~ameL~yz/bel~zyz alcohol ,8j k ~ v ]  

PhsP~ Et=O 
n-BuL; ~ O H  ~Sr= B r  

~ ' G ) H  E'k,O/TMSGL ~..P ' . . /SLCCH:) ,  g 3 ~  
H3 ?g% -- __ SL(GH~)a 

LV a 
LVI 

H~ OO ~ '~  R ~ S r R ~ _ _  S~( G H~ )~ CR 

Lv,~ ,v,,---i L,~ 

R ~ G H  0 a ~ L ~ O H  
~b 

L,X_~I L X I /  

OH 

H~O O ~'~'" R'~ x xx. 

OTBDMS C OTBDMs OTBD~S ~SL(CH~)3 

LXr~ 

. . . . .  Y"  ,, ~ - - i ~ ) ~  ~' 

H3 l ~ c  
LXy=I LX," VII Scheme 6 

To obtain ~u, ~--dimetnoxysubsuituted protoberber ines,  the s ~ t h e s i s  of 4,5-dimethoxy- 
~(LrzmeLny~-3--y~meLny-/benzy~ bromide ~,~; R = v~n s) has been converted from a two-stage 

to a six-stage one with an overall yield of 30/= (scheme os. In this case, -¢eratryl ~±cono~ 

was brominated to give 2-bromo-4,5-dimethoxybenzyl bromide : ...... ~, v±xx:. ~e interaction of 

the latter, via the Grignard compound, with trimethylsilyl chloride z ..... ~znou~) led to the bis- 

s-~ derivative / "  ~'~ ,,,..~.~) The aryl bromide /'"\ . ~2 can also be obtained directly from the di- 

.... -o~-owed by its bromide by Lne selective formation of the monobenzyl Grignard compound = ~ ~ - 

treat~-~ent with .... ±nS~-. However, in .... Ln~ process the bissilyl compound ~ .... k,.-~) is formed as 

a by-product. ~ ......... derivative of ~/, on formylation with uimethy±-ormamide fol- 

lowed by reduction of the aldehyde : .... ~ ...... :~ " ......... ~ ...... ~ - k.u--',-x / gives 4 • 5-u~qleuhoxy-~-i urlmeunyx~±my~me-ny-/be,- 

<,vbs N-Benzylation of .......... zyl ..... a-cono±, which is converted into the key bromide :'~" \. u-nyu~o~o- 
q..j . -  ~ - _ .  "% o r ~  u±~,o~±ne by the bromide :~'~ ~-- ~,.vu) u~s place at ~5 u in the presence of one equivalent of 

~=~u~. It must be mentioned . . . . .  this route for obtaining the salt ~ v - ) /  . . . . .  \ proves to be 

more ~-~eu--ve than by the ~-'~ '" ,,~_: . ~, ~,__- r~-,-,~ m±~cn±er-~p±era~± reaction l ,  >.{ • 

The preparation of the key compound : .... \ ~vc2 in the s~-nthesis of• for ex~m',ple, stilo- 
.Dinine containing substituents in positions 9 and -u'̂  in ring D is extremely uiz~±cu-u,='== ..... since 
it requires the introduction of four adjacent substituents into the aryl ring Thus, ~ 

• 3 -~ileuny-ene~uxy u~nzy- " ' " "'~ "~" ' "  '" axcono- K~v±) into its 6-methyl ............ ~/e = ~tv~ u-v~ attempts to convert ~ ...... ~ " = .... ~- "~ 

L 8 u j .  k ~ v ± ~ /  w e r e  u ~ s ~ g c e ~ s ± ~ ±  u n d e r  t h e  c o n d i t i o n s  d e s c r i b e d  i n  r ~ 

The ~lOSlt effective method of synthesizing :'~' ~ K,.vc) giving almost quantitative yields at 
~x stages, ,apart from the Grignard reaction, proved to be a multistage route L,±~. The 
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low yield at the Grignard stage is explained by the formation of a bissilyl by-product 
( r  ~ r ~ r N  
u - ~ ± v ~  together with the required / . . . . . .  ~ / . . . .  ~±~). The benzyl axcono±~ ~ ~ ~v} can be converted into 
the expected iodide z .... ~vc) by a one- or a two-stage process <Scheme ~ u). The subsequent 
alkylation of dihydroisoquinoline by the iodide z .... k~vc) in acetonitrile in the presence of 
AgCIO~ leads to a salt the photocyclization of which in ethanolic solution z" ~^ > 310 nrn) gives 
k~7-sul±oplne. 

~%e influence of electron-donating substituents in the silylxylyl part of the molecule 
on the efficiency of photosynthesization has been investigated. The results obtained show 
that substituents have no fundamental effect on the rate of electron transfer but decrease 
the rate of desilylation of the intermediate diradical cations such as, for example, z .... kz=Av- 
~±±~ through the back-transfer of an electron from z ...... ~ (Scheme 7) 

LXIX L,XVll[ 

OH~0~ 

H3C__RR2 ~ OI~H 3 
R~ OI3H~ 

LXXIII V--I" 
scheme 7 

F_ L 

R~ / R~ 
LX-'~ CsF 
Et0H 

R1 
LXXII 

Thus, an important step in this method is the c~clization of the biradical intermedi- 
ate compound t ...... ~ (route A, Scheme ~ ~±~) J}, ~Id the method itself is promising in the crea- 
tion of tetrahydroberberine systems. 

Close to the method described above is a route through the bipolar intermediate com- 
po~d t ~  ~ ~ J . , z ~ . ~ )  arising on the treatment of t .... ~ . . . . . .  ~ . u . , , . ~ )  w~Lu a fluoride ion (route B, Scheme ,). 
Thus, Japanese authors [79, °'~ have reported .... the salt t .... o±j un~L k J - ~ z ~ } ,  on treatment with u~-~ 

a~cono± at 80°C, gives xylopinine ~'~ ~v~, R = nj with high yield but is inert to ~ in 
boiling acetonitrile. However, other authors [~'~ s~j succeeded in obtaining in acetonitrile 
not only i,,~,~ ,~ ~z~j but also xylopinine i,,~ kv~j and its analogs with yields of from 15 to 5~4, 
depending on the substituents in ring D. 

Tile formation of tetrahydroisoquinolines ~!der these conditions takes place as the 
result of a disproportionation, including k-deprotonation by fluorine, from the dihydro- 
isoquinoline salts r .... ~ ...... k~) w~u~ the formation of the tetraenamine (i2~i), on the transfer 
of hydride from which to the imini~m ~ a protoberberine is formed by route B r ~  , ~  L/UJ 
the present time, the factors determining the nature of the fluorine-induced reactions have 
not been finally elucidated. 

The protoberberines z . . . . . . . . .  <~±va and b) have been obtained by using the inurouuction of 

O3J. a Lr±meLny~=±±~ group into the isoquinoline part of the molecule [~o~, ~ ~ 

N .110 10000 . 

OH0 

LXXIVa, 15~'0 LZXIV b, 73~O 
~T~0~ .~ 
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The method of photo-induced electron transfer "~='~ ~z: permits the cyclization reaction 

to be performed in stereodirected zasnzon = . . . .  when, for example, the substituent -uH2uzo~n~~ " ~ " ~  

(where ~=unS represents the ........... " .... ...... tert-buuy±u±meunyx~z±~: is present in position 3. The ir- 

radiation : . . . .  l m O  of ' . . . . .  <~v: formed the berberines : ' ~ ' ~  " ~ ' ~  ~,~v±a: and ~ u ~ , . . ~ v ± u )  with a yield ~kA ~ / U  

of 8~, their ratio depending on the . . . . . . .  ~o±v=~,u used and the reaction temperature and rang- 

[8~a~. ing from 1:1.3 to 1:6 r , 

~ - CHzOTSDMS H H 

LXXV LXXWa 

The nucleophilic acetylation of a 3,4-dihydroisoquinolinimm salt by a vinyllithium 

~ ° ~  8u~ yield ~o~xowed by hydrolysis gives an ~ compound at-3u u in tetrahydrofuran solution = .... 

of the ketone : ........ ~ .... ~z~±:, which cycl~zes under the action of cone. nuz and, after reduction 
with ~ansouN gives a tetrahydropseudoberberine , ....... ........ ~ - ~ , = ± ~ )  with a yield of o,~ r85~ O ~  L ]. 

I" - " ~ 0 >  " " 4 -~,"T- ] 
2. H ÷ 2"NOHsBCN ' R W ' ~ R ,  

R~ ~x~m R s 
LX Xv~! L XX~X 

An effective annelation of the iminium salt ~ ....... ~ ± a : ,  prepared from :"~'~ ~ :  and ~,~'- 
dibromo-ortho-xylene ~ ....... ~ ro~ ~ 2  LoO~ by electroreduction to the tetrahydroberberines <nv~a) ~ .... 
(R = H) (or to the amides : ~  : ...... ~ : . . . . . . . .  ~vu: if k~u: is used) has been proposed ~v~±:. In this 
way, a number of derivatives of :'~'~ n±gn yields . ~ v )  were obtained with ~ : - ~  : ~  ~ 

H C0 ~'I~'t~'NH + R fl~ ~ ' R =  

"OSO=CH~ R= N ~ b R, 

-,5/--R z 

o~gzn~ sFn~thesis of the protoberberine system was achieved in LrSo~.J The authors 

±ox.uwed by formylated homoveratrylamine with methyl formate = ..... cyclization in the presence 

:u~ s to 6,,-dime-noxy-3,~-u~nydro~soquxno-ine k~) with O=/o~̂ ~ yield. The reaction of 
the latter with the Grignard reagent obtained from 3-bromo-l-trimethylsilylpropFn~e followed 
by N-propargylation gave r ........ ~ . . . . .  ~_~-z-: with an overall y±ezu of 35Zo. Saponification with al- 
coholic alkali ~oz~oweu by cocyclization with " ~ ........... ~ ..... = ~ - = bzs~-rzme~n~zszzy~:e,ny~e catalyzed by qs- 
cyclopentadienyldicarbonylcobalt r~ ~ z~^~ ~ ~ ueura~yu~oprououeruer.ne [~puok~u)2:j gave the expected ....... J .... ~ ~ --'- 
<~zv: with ~3/o y±e±u (see scheme on -u~xo~z,~g page) 

Individual papers have been published on the s~mthesis of tetrahydroberberines by ther- 
molysis r~to9] and photolysis ~ .... ~=u-=~] using methods developed previously. ~"nus, the benzo- 
cyclobutene ~ ....... <, ~_~v±), synthesized from 2,3-uimetnoxyuenzaadenyde / ...... ~-~ : by Ka-~oevenagel 
condensation followed by sodi'am tetrahydroborate reduction, decarboxylation, bromination, 
and - ~ -"- ~ ~ " - cyc±~u:~oz, by the method of BLu-met and Skorcz r~], was <~: ~u condensed with the a/~ine :~ 
ill ~ --:-'= ~" ~-'~ "" " *~ -" " ~" ~ -" ~/o yx~zu, x~,e o±~cn-e~apxeraxsKx reaction of the amide k~vz±:z~'~'~ so obtained gave 
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a) (OH~)~Si-=--OHzHg~r, THF ~ aJa R~ 
b) H- - - -CHzBr  , THF, HMPA LXXXl. 

c> KOH CH3OHzOH LXXXW 

d) ~ - - - - - R  z ; Op~o~OO)z 
HM2A-hexamethylpho sphoramide 

the 3,4-dihydroisoquinoline ~ . . . . . . . . .  x . . . . .  ~.~v±~), which, on heating to ~ o u  ~ followed by reduction 
with sodium tetrahydroborate, yielded tetrahydropaLmatine k~v±a, ~ ...... R = ~ r~' or n) LO>J 13-cyano- 
protoberberine ~ . . . . . . .  x 

H~uU__OH 0.~ O~H~ ON o ~ OR 

~=cac[ 
LXXXV 8r LX;(XVI 
R oT-jy-- h OHsO OH~ O~ 

-- R'O'~°T<~ -- C~ O ~  "HOL --Ca, O ~ N 1  

~xxxv .  Lxxxvm xv--i a) R =H 

E) R=CN 

• ~u reductive photocyclization [ ~ ' ~  of the dimethoxy-substituted enamide ~ . . . . . . . .  ~ ;~" 
H, scheme 8), which is readily s~mthesized from 6,7-dimethoxy-l-methyl-B,4-dihydroquinoline 
and ],5-dimethoxybenzoyl chloride, gave, in the presence of sodium tetrahydroborate in a 
mixture of benzene and methanol, a tetracyclic lactmm, which, without purification, was 
subjected to acid hydrolysis to form cis -z'~<~u) /"~ f .... ~42 and the trans-methoxyenone kAY±2 or 
was reduced successively with ~znxn~ ...... and s=Lon~ ...... to k~±a)/"~ A r..L~, ~=3J~ . 

1. hV 

R 3. NaSH~ - -~hr~ . ru  

• 

b) Z=O 

- -  .© 
i, 6-cyclization 

Scheme 8 

H"I. I 
o-oMT---o 
x c 

© 

A method has also been proposed for aryl radical-induced 1,6-cyclization which enables 
~A~±uj to be obtained with a yield of =u% starting from r ........ ~a~; X = Br), using n-Bu3SnH 
and, as catalyst, 2,2'-azoisobutyronitrile ~ ..... ~ r~,]. ~, ~=~) t~ ~ne mechanism of the 1,6-cycliza- 
tion reaction is given in Scheme 8. 

The synthesis of tetrahydroprotoberberines is effected from the spirobenzyloisoquin- 
olines t ~ , ~ - , - - , -  ,^~ .._- ~ = r n  <~ua±) by photocyclization with 35-~U,o y±e~u L=5J. The presence of vitamin C in- 
creases the yield of the desired product t,,~ ~ ~ ~ k v.a~ to ,5-8=~o and correspondingly lowers the 
formation of the 8-oxo compound ~u--±~1" ...... ~ to ~''~/o (see scheme on =±o±~ow~ng~ ~ --: page). 

n=nnxcn base k~u~vi, on irradiation with a mercury lamp in benzene solution, gives 
the pentacyclic product / ..... ~ w±un .... k~uv) treatment of which ...... aqueous hum (2 "'~ m) leads to the proto- 
berberine skeleton / ...... knuv±) with a yield of ~o-~U/o. ,,= presence of substituents lowers the 
___-.I J y±=au of the desired product, nu'~ the same time, approximately twice as much of the 
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CFI~O~o 
OCH~ OCHs 

xc._.~o 
O~i O~H s + .yr. O~ H 

XC"-'7 V--T a 

±u,zz-dlme,;noxy-conu=~n~n~ isomer is formed as of the 9,~u-~ub~u~uuueu isomer -- for example, 
the 13-hydroxy-8-oxoxylopinine k~uv~; z ...... Rz = H, R 2 = Rs = R~ = vun~", 354)~ L~O~.rn=~ 

~4 
.I0 

R~ ~ I ~ L ~ N . ~ I . / I ~  ~L IR~ h ~ . ~  
HD'R I ~ R  s _ t 7 

x_9_v R~ 

x_sv,i a, ~ _c xai-'-~, a, b, c 
XOV~__! 

Definite interest is aroused by the search for methods of synthesizing 8- and 13- 
methylprotoberberines. An effective method has been proposed by the authors of a series 
of papers [13, 97] The quaternary salt t ....... ~ ...... . ~ u v ~ ± ~  was reduced with ~n4 and was then 
oxidized with m-chloroperbenzoic acid followed by the isomerization of the 8,14-cyclober- 

~uv.L±z7, wnlcn, with the aid of a pnocochem~ca±~y induced electrocyclic reaction 
followed by sodi-~m tetrahydroborate reduction, was converted with high yield into the 13- 
methylprotoberberine t ....... 

The cyclization of the isoquinolinopyrrolinedione <u)/~ with the aryne ~ua/z~ L=ojrAnl ob- 
tained from ......... anunzanz~c acid, gives, after reduction of the z~ ~ ~ / . . . .  kuzza~, kaT-corydaline ~u±±±aT. 

Jahangir et el. L~a~,r~ ~ having treated 8-oxoberberine (CIIb) with meuny~x~uh~n,~' " ~ : ~  ="- ob- 
...... wu~cn, acid medium~, was transformed into an imini~m uazn~u an exomethylene compo~%d -'~ .... in an 
salt the reduction of .... wnlcn'~ with sodium tetrahydroborate gave a mixture of ~R~- ~ ~ and <Sr~ ~ 
8-methylcanadines (CIiib) in a ratio of i:3). ~ne stereodirected synthesis of (-)-(SR)- 
methylcanadine was achieved through the selected monocomplex-formation of <q~-<8~/-canadine ~ ~ ~ ~ 
wit~ ~ - ~  ~j. ~i~Uj 3 [~I 

I -0 + 
0R 

b) R1=ll a) IR~=CII~, fl2=.H 
.b) IR1=ll , R2=Cll a 

A rou te  to ~--~ . . . . . . . . .  ~-~: . . . .  ~ n~uLuX~--~UU~L~L~Led protoberberines depends on .... position of the hydroxy 
group. ~--~ znu~, the 5-hydroxyprotoberberines / .... ~u~v~ has been s~n~thesized from a 3-aryltetra- 
hydroisoquinolines (R I = "'~ nj by ...... " " (with . . . . . . . . . .  ~,3-epoxypropan-z-oa~ and ~-a±~y±aclon gzFcluoz 
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oxidation by sodi-.~.m periodate to the corresponding aldehyde, followed by cyclization in 
n n~ L~VV n- the s~,me time, a hydroxy substituent can be introduced into position 

4 by oxidizing a tetrahydroprotoberberine -w.~n-'~ lead tetraacetate to an or~,,o-quz,o±- ~- -"- ~ acetate 
-ox~oweu treatment with concentrated sulfuric acid and acetic anhydride to give the di- 

z" r , '¢~,~ \ acetate ~v~; the analogo.,s reaction may take place at position ~ ~'~] .I.Z. t J .  U J .  . 

RO ~OR R~ 
OR 

1.2.3 
H+ '--- 

I. RI=H 
~. R~=~Hz-OHOH-OHzOH 
3. R~=OH=GHO 

OH 

0~ 

OI__V a] b_ 

b) fit = PB 

A new method has been proposed for s3n~thesizing in 84% yield the enones <~v±±2, which 
are key intermediates in the s~%thesis of alkaloids of the berberine series Lzu~]r~"~ via the 
reduction with lithium tetrahydroal'~-~inate of an en~-ninolactm-n followed by treatment with 

L±V3j. methyl vinyl ketone r,~ 

H ~CO~, .~ /~"  = H ~ C O ~  

3 
R~ R~ 0 Ov='--i 

H300 ~ RO 

l" ~ 0 O H~ ~ N 
{]Viii OCH3 O-~ 

S~T~theses have been performed of analogues of tetrahydroprotoberberine- for example, 
-v5~ thieno analogues and thio analogues such as ~u~-±~ [~^',~v~ ~^ ~, corresponding analogues 

of benzopyridoquinolizidine bases ~'~" ~ L .LuO J . 
-nu~, a considerable ~un',ount of material has acc~-nulated ill the literature oi% the in- 

vestigation of methods of s>q%thesizing tetrahydroprotoberberines, but their high biological 
directivity is leading to a continuous search for more effective ~nu .... simpler methods of 
synthesis. 
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""'" "~ ~"~'~ "~'~ .n, wuuw Maackia amurensis 

~7 
L~. I. • . . . . . .  V• B. "' ~uce~n, V Isakov, and 0 • . ~.,aKs ±mov 

Dimeric stilbenes have been isolated from the wood of Amur maackia for the 
first time. Two of them have been identified as the know~% scirpusins A and 
B. ~e structure of a new dimeric stilbene with a dioxane linkage, which 
has been called maackinin, has been established• The P~.~ and z3C ~@-~ spec- 
tra of the substances isolated have been studied in detail. 

We I. ~_ . ~ave previously reported on the isolation from alcoholic extracts of the hardwood 
maacK~= r,==uicxa amurensis Rupr. et ~.,ax±m. of isoflavonoids - formononetin, genis- 

rein, and retusin - and two stilbenes - resveratrol and piceataa~nol L'jr" ~ and also of an iso- 
flavonostilbene, - . . . . . . . .  w~,zcn was called maauiczas-n [2] . The substances were designated as n-±, 
*z n *z I'l" 4, n-~, n-3, "' ' M-5, r.-o'" "-, respectively. 

We have continued the study of tile chemical composition of an ethyl acetate fraction 
of the a~cono-xc . . . . .  extract of maackia wood and have isolated another three substances, n-,,'" ~ 
M-8, and I-I-9. They proved to be related compom]ds, and on the basis of spectral properties 
and other physicochemical characteristics they have been identified as dimeric stilbenes. 
Oligomeric stilbenes have apparently not ...... n±L,eruo been detected in representatives of the 
genus Maackia not in the closely related genera Cladrastis and Sqphora. At the s~,T~e time, 
Japanese scientists have recently found two trimers of the ~L~-be,e resveratrol -- <--)-~- 
viniferin and z.~ . .= • ~j-~-vinz±erxn - in an extract of the roots of the plant Cara~ana chamala~u, 
a representative of another legume ~enus / .... <uaraNana~ [3]. 

Since oligomeric .......... nyucoxy~aueu stilbenes exhibit a "n~gn: ~- biological activity, their 
chemical structure is peculiar, and ...... Lzze±~ functions in plants are not completely clear, 
we have found it necessary to preface an account of the experimental results ...... w~uzz a short 
review of ~"Lzxe literature relating to this group of ,au-~ax polyphenols. 
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