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ABSTR.ACT.--TWO similar p a t h w a y  are described for the total synthesis of 
rugosinone i l ) ,  a minor alkaloid from Tiiiilictriim r i igos i im .  For both procediires the 
Keissert derivative of 6,:-methylenediosyisoquinoline was used for generation of the 
isoquinoline portion. The  benzoyl part in one pathway employed 2-henz.~losy-3,4- 
dimethosybenzaldehyde with final removal of the benzyl group by trimerhylsil-1 
iodide. For the other pathway 2,3,l tr imethosybenzaldehyde was used instead, 
and final generation of the phenolic group was by selective cleavage with boron 
trichloride. 

The root< of Thalictrum rzigosziin Allit. (Ranunculaceae) yielded a very small 
amount of a carbon) 1-containing benzyli.oyuinoline alkaloid named rugosinone 
(I) ,  C1SHljSOB. The paucity of material prevented a complete characterization 
of the substance, but the spectral data provide information that could be ac- 
commodated by any one of ftructuies 1 through 5 .  The data ha. been presented 
and discussed (1). Briefly, the bpectral evidence cuggested the follon ing : First, 
from mas- spectral studies, the carbonyl group mu-t be at  the a-carbon and the 
methylenediosy group on the isoyuinoline ring. Second. from the proton mag- 
netic re3onance .pectrum. tu-o ortlzo- and tv  o p a r a -  piotons are indicated. A%l+o, 
the phenolic group appears -tronglj h j  drogen bonded. .ugge.ting a location 
ortho to the carbonyl. 

To establish svithout doubt the structure of rugoqinone. a total .J nthesi. JT as 
undertaken. Of the five possible choice.. qtructure 1 seemed the most likely from 
biogenetic considerations. The synthe JT ab accomplished in a .traight-for\vard 
manner by tu-o similar routes as summarized in .theme 1. Both pathnays utilized 
the Reijsert compound (2) of 6.i-methyleiiediosj i-oquinoline ( .3) .  namely, 2- 
benzoyl-1-cyano-6,i-methylenedioxj -1,2-dihydroisoquinoline (6) (4) for genera- 
tion of the isoyuinoline portion. The benzoJ1 part in Pathwaj 1 nac  derived 
from the benzyl ether (7, R = CH2Ph) of 3.4-dimethosy-2-hydroxybenzaldehyde 
( 5 )  and, in Pathway 2, from 2,3,4-triniethoxybenzaldeh>-de ( 7 ,  R =Me) (6). 
Both pathn ays have related intermediates 8 and 9, TI here R is benzj 1 or methyl. 
9 study of the first step of P a t h n a j  I ,  in nhich the Rei-ert anion nas  treated 

overnight IF ith 2-benzyloxy-3,4-dimethox~ benzaldehyde according to a literature 
procedure (4), showed that two products n ere formed. carbiiiol 8 (R= CH2Ph) 
and its benzojl ester, in a ratio of about 15. \Then the reaction time was de- 
creased to 2-3 hours, the nlixture ratio n as reversed. The follon ing rationaliza- 
tion is put forth for this observation. The product anion 10 (scheme 2) is formed 
rapidlv and is relatively .table. Korkup 11-ith methanol cau.es the anion to de- 
compose, as shonn in Route A, to give the major compound 8 (R=CH,Ph) as 
obtained in the 2-3 hour experiment. A longer reaction period (overnight) 
a l l o ~ ~ q  the anion 10 to decompo-e in a d o n  step via an intramolecular -I-- to O- 
acyl migration and release of cyanide ion to ester 11 (Route B). 

Carbinol 8 (R = CHLPh), produced by the short reaction time condensation 

'For paper XXX see K.-S .  Wu, .J. L. Beal and 11. W. Uoskotch, J .  .l-cit. Prod. ,  13, 143 
(1980). 
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or by alkaline hydrolysis of the corresponding benzoate 11, was oxidized to ketone 
9 (R=CH,Ph) u-ith chromic acid. Debenzylation of ketone 9 (R=CH*Ph)  was 
accomplished with trimethylsilyl iodide (7) t o  give a product identical with natural 
rugosinone (1). 
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P a t h n a y  1: R = C H I P h  
Pathway 2 :  R =Me 
Reagerits: i, S a H - D M F :  ii,  KOH: iii, Sa$2rtO;-HOAc; iv,  MesSiI for PathR-ay 1 and 

BCl, for Pathway 2 .  

SCHEME 1. Reaction sequences for synthesis of rugosinone (1). 

Pathwiy 2 T T ~ Q  little different from the sequence of Pathway 1 except that it 
saved t n o  steps in the overall procedure. These two steps, although not cle- 
scribed in thib paper, are the formation of 3.4-dimethoxy-2-hydroxybenzaldehl\-de 
from 2,:3,4-trimethosybenzaldehyde followed by benzylatian to compound 7 (R = 

1 .  Pathn-ay 2 utilized 2.3,ltrimethoxybenzaldehyde directly. The pro- 
duct with Reissert compound 6 n n ~  the trimethoxy carbinol 8 (R =Me) ,  after 
alkaline hydrolysiq for maximization of j-ield. Oxidation of the alcohol n ith 
chromic acid afforded ketone 9 (R=I\Ie) which gave rugosinone (1) on selective 
demethylation n ith boron tiichloride (a). It -1iould be noted that debenz? lation 
of ketone 9 (R = CH2Pli) n a. not posqible with boron trichloride. 
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SCHEVE 2. Decomposition of -4nion 10 with Methanol (Route A) and by Intramolecular 

Rearrangement (Route B) .  

EXPERIMESTAL2 
ZBEzrZYLOXY-3,4-DIMETHOXYBEh.ZALDEHYDE (5 ,  R= CH2Ph) .-A mixture of 2-hydroxg-3,4- 

dimethoxybenzaldehyde ( 5 )  (3.29 g, 0.018 mole), benzyl chloride (5.26 g, 0.042 mole), and 
potassium carbonate (5.45 g) in dimethylformamide (90 ml) was refluxed for 2 hours. The 
cooled reaction mixture was filtered to  remove inorganic salts ,  and the filtrate was distilled 
under vacuum. The product 5 (R=CHzPh) (4.48 g, 91%) was collected between bp 192-4" 
a t  1 mmHg and exhibited the following spectral properties: nmr (CDCl,, 60 MHz) 6 3.92 (s, 2 
OMe), 5.21 Is, PhCHZ), 6.74 and 7.58 (ABq, J 8.8, H-5 and H-6), 7.36 (m, CsHj) and 10.1 (s, 
CHO) : and ir umax 1675 em-' (C = 0). 

R =CH2Ph) .  A .  OVERNGHT RE%CTIoN.-Sodium hydride (50 mg, 2.1 mmole) was suspended 
in 8 ml dimethylformamide and Reissert compound 6 (500 mg, 1.64 mmole) in 10 ml of di- 
methylformamide was added over 5 minutes a t  -15' under nitrogen. After 10 minutes of 
reaction time, aldehyde 5 (R=CH,Ph)  (449 mg, 1.65 mmole) in 8 ml of dimethylformamide 
was added within 10 min while the temperature was maintained between -13" and -10". 
The brownish solution was stirred 2 hours a t  0", then left a t  room temperature overnight. 

Nuclear magnetic resonance spectra xere  determined in 
stated solvents with tetramethylsilane as internal standard on a T'arian A-60A or Bruker 
HX-9OE instrument, and with chemical shifts (6) reported in ppm and coupling constants ( J )  
in Hz. Infrared and ultraviolet spectra were taken in chloroform on a Beckman I R  4230 and 
in methanol on a Beckman UT' 52GO instruments, respectively. Mass spectra were obtained 
on an -4EI AIS-9, &IS-30 or DuPont 21-491 instrument by direct inlet probe a t  70 el- .  

REACTIOK OF REISSERT COMPOUND 6 11 ITH 2-BESZYLOXY-3,4-DIMETHOXYBENZALDEHYDE (5 ,  

*Melting points are uncorrected. 
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l le thanol  was added and the solvent removed b y  vaciiiini distillation. The residue was dis- 
solved in 40 ml of benzene, extracted with 2 x 20 ml of water and dried over anhl-drous sodium 
sulfate. Removal of the solvent left a crude mixture of two products as  observed by t lc on 
silica gel G with methylene chloride, R f  0.22 and 0.12. The major product (higher R f )  crystal- 
lized from ethanol as  colorless needles (580 mg, US), mp 123-4", and n-as identified as  the 
benzoate ester 11 of alcohol 8 ( R = C H , P h ) :  nmr (CDCI,, 60 MHz) 6 3.81 and 3.88 (2s,  2 OMe), 
5.00 and 5.15 (.1B q, J 11.1, PhCH?) ,  5.96 (s, OCHsO): and 6.60-8.36 (overlapping multiplets 
for 16 aromatic protons and one methine): i r  umax 1717 cm-' (C=Oj :  and uv Xmas 331 nm ilog c 
3.78), 317 (3.68): 293 (3.64), 282 (3.83) and 238 (4.82). 

;Inad. Calcd for C H2:S07 (549): C,  72.12: H ,  4.95: S,  2.55.  
Found: C, 72.16: H ,  4 . t i :  S ,  2 .545 .  

The minor product (lower Ri) (100 mg) was isolated by column chromatography on 21 g of 
silicic acid R-ith chloroform as  eluent and was identified as  the carbinol 8 ,  data  for p-hich is 
reported below. 

SHORT-TIME RE.iCTIOS.-8odillm hydride (100 mg, 4.2 mmoleI was suspended in 10 ml 
and 1.0 g (3 .3 nimole) of Reissert compound 6 in 15 ml of dimethylforma- 
niin. a t  -1O'under nitrogen. After a 5 min reaction time, 2-benzyloxy- 
hyde ( T ,  I? =CH,Phj  (0.92 g, 3.4 mniole) in 10 ml of dimethj-lformamide 
a t  -10'. The mixture was stirred 2 hours a t  0' then left at room tem- 
Methanol was added, and the mixture was distilled under vacuum. 

The residue was taken up in 30 ml of benzene, washed with water (2 x 20 ml)  and dried over 
anhydrous sodium sulfate. Tlc results showed the product ratio of ester to  alcohol, as re- 
ported in section -1, to  be reversed. H>-drolysis of the product mixture by 0.2 g of potassium 
hydroside in 11 ml of a a t e r  and 20 ml of ethanol a t  reflux for 3 hours deposited on cooling, 
1.0 g (0OSj of carbinol 8 i I<=CH2Phj ,  da ta  for which is given below. 

o x r I s o g C I s o L ~ - L j c . ~ R B I s O L  (8, R=CH,Ph).-.i solution of the benzoate of carbinol 8 (11 = 
CH,Ph) (200 mg, 0.36 mmole) in 8 nil of e i l iand was added to  a solution of potassium h!-droside 
(0.2 g) in 11 ml of water. The mixture wzs refluxed for 3 hours: on cooling, the product 8 (I? = 
CH2Pli) crystallized as  colorless needles (140 mg), which were recrystallized from et1iai:ol to  
give material with mp 153-4': nmr (dimethylsiilfoxide-df, 90 NHz) 6 3.78 is, 2 O l l e ) ,  4.80 and 
5.02 (AB q,  J 10.8, PhCH2), 5.94 idj  J 6, OH,  lost with deuterium oxide), 6.50 id.  J 6, CHOH, 
forms a singlet with DrOi, 6.12 and 6.15 iABq presumed but resolution not clear for  .7 de- 
termination, OCH,Oj, 0.75 and 0.91 (ABq, J 8.0, H-5' and H-0'1, 7 .32  is,  BH, C6Hi and H-5 or 
H-81, 7.42 i s ,  H-8 or  H-5 J ,  7.57 and 8.2i i.iBa. J 5 . 7 .  H-3 and H-4 I : i r  vmax 3320 cni-1 (OH i : 

B .  

01' THE BESZO.ITE O F  2 - B E S Z r L o S r - 3 , 4 - D I ~ l E T H O ~ l ~ P H E S l - L - l -  ~ G , ~ - Y E T H I - L E ~ E D I -  

LIV X ma\ 328 nm (log c 3.861, 315 13 i s ) ,  290 (2.791, 276 (3.92) and 236 (4 89): and ms  ??I  Y 445 
10.6, AI-)> 130 (0.5, I I - l Ie j ,  428 (0.4, ?&OH), 41G ( O . i ) ,  354 !6, 31-PhCH2j, 338 1100, 
3I-PhCH&), 202 !0, C11H,S03) ,  172 (23, C1cH&02) and 91 (52 ,  C;H;I. 

Found C,  TO 12  H ,  5 21 S ,  3 14<7. 
-4ncI Calcd for CnsHrpSOi (445) C,  70 10 H ,  5 20: s, 3.14. 

~ - ( ~ - ~ E S ~ ~ ~ L O ~ ~ ~ - 3 , ~ D I ~ l E T H O ~ ~ ~ B E ~ ~ O l ~ L ~ - 6 ~ ~ - ~ l E T H ~ L E S E D I O X ~ ~ I ~ O Q ~ I S O L I ~ E  19, R = CH2Ph). 
-.4 solution of carbinol 8 (R=CH,Ph)  (500 mg, 1.12 mmole) in 5 ml of acetic acid was nilxed 
with 357 mg 11.2 mniole) of sodium chromate in 5 ml of acetic acid. .Ifter being heated for 3 
min on the sieam bath,  the mixture was diluted with water, basified with ammonium hydroside, 
and extracted with ether  (3 x 40 mli .  The combined ether  extract was washed with water (2 x 
40 ml)  and dried over anhydrous sodium sulfate. Evaooration of the ether  left a residue that  
crystallized irom aqueous ethanol as  colorless rhomboids of product 9 iR=CII ,Ph)  1400 mg, 
80$) nip 109-110' nnir (CDC1 ) GO N H z )  6 3 76 and 3 83 !2s, 2 OlIe i ,  4 79 (s ,  PhCH- , 5 93 
is, OCH,Ol, 6 T-7 7 !m, 9 -1rH); f 31 and 8 21 (- iBq,  J 5 5 ,  H-3 and H-4 ir Y ma\ 1660 rni-l 
i C = O )  and iiv A ma\ 32s nm flog e 4 261,290 (4 451 and 230 (4 97) 

Found C,  i o  10 H ,  4 86 S ,  3 1Jrc 
- A n  I Calcd tor C ~ I . H ~  SO6 (4431 C, 70 42 H ,  4 77 S ,  3 16 

~ , ~ , ~ - T R I \ ~ E T H O X I . P H E S T L ~ -  ( 6 , ~ - - \ l E T H ~ ~ L E S E D I ~ ~ l ~ I S O @ ~ I S O L l ~ L ~ C . \ R B l S O L  (8, R = h i e /  ,- 80- 
dium hJ-dride f50 nig? 2.1 mniole) was suspended in 8 ml of dimethylformamide to  which was  
added 1:eissert compound 6 (500 mg, 1.04 nimole) in 10 nil of dimeth!-liornianiide over 3 niin 
a t  - 15' under nitrogen. -ifter 10 miri, 325 mg (1.60 nimole) of 2,3,4-trinieihox~-benzaldelJyde 
in 10 nil of dimethylformamide x-as added over 10 niin a t  -10'. The mixtiire was stirred at  
0' for 2 hours and left at  room temperature for 2 hours. IIethanol was added, and the solvent 
n-as evaporated under vacuum. The residue was dissolved in 30 ml of benzene, washed with 
2 x 30 ml of water; and dried aver anhydrous sodium sulfate. The residue remaining after re- 
moval of the solvent was refluxed TT-ith 121 mg of potassium hydroxide in 5 nil of water and 8 
ml of ethanol for 3 hoiirs. On cooling, the reaction solution deposited carbinol 8 t R = l I e )  as 
colorless needles, 524 mg 1 8 7 5 ) .  Recrystallization from ethanol gave a product x-ith nip 
163-4': nmr (CDCls, 60 1 I H z j  6 3.78, 3.92 and 4.05 (3s, 3 OlIe:, 5.98 and 6.03 (.1Bq, J 0.9, 
OCIl20):  6.51 (8, CHOH, sharpens m-ith 1>201, G.52 and 6.02 !-iBq, J 8.7, or iho-- i rE) , ,  7.01 and 
7.31 (2s :  H-6 and H-8) and, 7.43 and 8.30 (.iBq, J 5 . 7 ,  H-3 and H-4); ir  Y mas 3300 cni-1 (a.ssoc. 
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OH);  uv h max 327 (log E 4.04), 313 (3.98), 290 (3.96), 278 (4.08) and 237 (4.95); and ms m/e  369 
(0.870, M-), 353 (3) ,  339 (20), 338 (100, hl-OMe), 322 (67), 306 (18), 277 (20), 202 (14), 197 ( lo) ,  
187 (16), 181 (20), 172 (62), 149 (37) and 73 (93). 

Found: C, 65.08; H ,  5.16; S,  3.84%. 

(R =Me)  (210 mg, 0.57 mmole) in 2 ml of acetic acid was treated with 170 mg (0.57 mmole) of 
sodium dichromate in 2 ml of acetic acid. After being heated on a steam bath for 3 min, the 
mixture was diluted n-ith 10 ml of water, basified with ammonium hydroxide, and extracted 
with 3 x 30 ml of ether. The interfacial solid was dissolved in 30 ml of chloroform: the organic 
phases were washed with water, then combined and dried over anhydrous sodium sulfate. 
Evaporation of the solvent left a residue which crystallized from aqueous ethanol as colorless 
rhombic crystals (193 mg, 937,) of ketone 9 (R=Me):  mp 140.0-140.5"; nmr (CDC13, GO MHz)  
6 3.38, 3.80 and 3.93 (3s, 3 OMe), 6.10 (s, OCHZO), 6.79 and 7.58 (ABq, J 8.9 ,  ortho-ArH), 7.13 
and 7.64 (2s, H-6 and H-8), 7.56 and 8.35 (i iBq, J5 .5 ,  H-3 and H-4); i r  Y max 1660 em-' (C=O);  
and uv h ma\ 328 nm (log E 4.25), 290 (4.45) and 236 (4.97). 

-4nal. Calcd for C20HliK06 (367): C, 65.39; H ,  4.66; N ,  3.81. 
Found: C, 65.37; 4.70; S, 3.787,. 

RCGOSISOSE (1). A .  FROM BENZYL KETOKE 9 (R=CH,Ph).-A solution of benzyl ketone 
9 ( R =  CH,Ph) (30 mg, 68 pmole) in 5 ml of chloroform was mixed with 0.22 ml of a 9OYc solution 
of trimethylsilyl iodide and refluxed 5 hours under nitrogen. After quenching with water, the 
chloroform layer was separated, washed with water (2 x 10 ml),  and dried over anhydrous so- 
dium sulfate. Removal of the solvent by evaporation and chromatography of the residue on 
1.2 g of silicic acid with chloroform as solvent yielded 20 mg (84%) of rugosinone (l), which was 
crystallized from ethyl acetate as pale yellow needles, mp 223-4", and undepressed when ad- 
mixed with the natural material. Also, the nmr, ir, uv and mass spectra3 were identical with 
those from natural rugosinone (1) .  

Found: C, 64.10: H ,  4.28; K, 3.96YG. 

FROM TRIXETHOXI- KETOSE 9 (R=Rle).--A solution of the trimethoxy ketone 9 ( R =  
Me) (100 mg, 0.27 mmole) in 20 ml of methylene chloride a t  -18" BTas treated with 1.5 ml of 
131 boron trichloride in methylene chloride cooled to  -70". The reaction mixture was allowed 
to come to  room temperature (about 5 min), then quenched mTith water.  The organic layer was 
separated, washed with water (2 x 20 ml) , and dried over anhydrous sodium sulfate. Evapora- 
tion of solvent and chromatography of the residue on 2 g of silicic acid with chloroform as 
solvent gave 70 mg ( 7 3 5 )  of rugosinone (l), identical (mp, uv, ir and nmr) with the natural 
product (1) .  
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Anal.  Calcd for C20H19NOe (369): C, 65.03; H,  5.19; N, 3.79. 

1-(2,3 , ~ ~ R I ~ l E T H O X Y B E S Z O Y L ) - 6 , ~ - h ~ E T H Y L E K E D I O X ~ ~ I S O Q ~ I K O L I S E  (9 , R = h k )  .-Carbinol 8 

A n d .  Calcd for C19HljS06 (353): C, 64.58; H, 4.28: S, 3.96. 

B .  

LITERAITURE C I T E D  
1.  
2 .  
3 .  
i. 
5. 

6. - 
i. 
8 .  

W.-S. Wu, J .  L. Beal and R .  W.  Doskotch, J .  A-ut. Prod., 43, 143 (1980). 
F. D. Popp, Ad;#. Heterocydic Chew. ,  9, 1 (1968). 
A. J. Birch, A. H .  Jackson and P .  1.. P,. Shannon, J.C.S.  Perkzn I2185 (1974). 
Ai. J.  Birch, A. H .  Jackson and P. 1.. I?. Shannon. .J.C..S. Perkzn I2190 11974). 
T .  Reichstein, R .  Oppenauer, 1. Gritssner, R .  Hir t ,  L. Rhyner and L. Glat taar ,  
Cliim. d c t a . ,  18: 816 (1035). 
P. E. Papadakis and V'. Boand, J .  O r g .  Chenz., 26, 2075 (1961). 
11. E. Jung and 11. -1. Lj-ster, J .  O r g .  Chew. ,  42, 3761 (1977). 
F. AI. Dean, J .  Goodchild, L. E .  Houghton, J .  A .  Martin,  B.  B. Morton, B. Parton, 
Price and S .  Somvichien, T e f r t i h d r o n  Left . ,  4153 (1966). 

Heli.. 

8. w. 

3The mass spectrum of rrlgoslnone (1) has the reported base peak a t  m/e 294, for which no 
composition nac s {ggested f l ,  Recent11 an accurate mass measurement of 294.0754 n a s  ob- 
tained for i t ,  n h c h  most probably corresponds Aith C17H1,SOa (calculated value 294 0766) 
arising from loss of CO and OCH, I t  m-ould appear tha t  the loss is from the phenolic ring 
portmn and that this fragmentation is of greater importance than cleavage a t  the carbon>l 
position. 


