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Tetrahydropalmatine (X) and a number of protohcrberine nlltaloids (XI-XIV) have iieen synthesized from 6,i-diinethosy- 
i3oquinoline-1-carboxaldehyde (XlrI)  and its oxime (XVII) by following the general procedure described esrlier. Trtrahytlro- 
roptiainc or stylopine (IV) has also been synthesized from 6 , 7 - 1 n e t h y l e n e d i o x ~ i s o q ~ 1 i n o l i n e - l - c a r h o ~ d c .  

It has been shown3 that tetrahydroberberine (111) 
could be synthesized from 6,7-methylenedioxy- 
isoquinoline-1-carboxaldehyde or its oxime, using 
the methods of quaternization and cyclodehydra- 
tion developer earlier.4 The present communica- 
tion describes the synthesis of 6,7-dimethoxy- 
isoquinoline-1-aldehyde (XVI) arid its use in the 
synthesis of tetrahydropalmatine (X) , and some 
related compounds. 

CH2Br XI? N H3 

+ 2°C R2 ”p 
R3 

XV XVI. z = 0 
XVII. Z = KOH 

(1) For the preceding communication of this series, see 
C. K. Bradsher and T. W. G. Solomons, J .  Org. Chem., 25, 
191 (1960). 

(2) This research was supported by a research. grant 
(H-2170) from the Kational Heart Institute of the National 
Institutes of Health, and was presented before the Inter- 
national Symposium on the Chemistry of Natural Prod- 
ucts, Melbourne, Australia, August 15-25, 1960. A pre- 
liminary communication appeared in .Tohire, 184, 1943 
(1959). 
(3) C. K. Bradsher and N. 12. Dutta, J .  .4m. Chem. Soc., 

82, 1345 (1960). 

By following the same procedure, tetrahydrocop- 
tisine (or stylopine IV) has been prepared from 6,7- 
methylenedioxyisoquinoline-1-carboxaldehyde. 

It was found that l-methyl-6,7-dimethoxyiso- 
quinoline, conveniently prepared by the Bischler- 
Napieralski cyclization of homoveratrylacetamide, 
followed by dehydr~genation,~ could be oxidized to 
the corresponding aldehyde in 35% yield by the 
action of selenium dioxide. When this new alde- 
hyde was quaternized in the usual way with 2,3- 
dimethoxybenzyl bromide (XV. R1 = H, RB = 
R3 = OCH3) in the presence of acetonitrile3 and 
the crude salt with cyclized by heating i t  with 
concentrated hydrochloric acid, the over-all yield 
of the new dehydropalmatine bromide (V. X = 
Br), was only 30%. The yield was raised to 80% 
when the oxime (XVII) of the 6,7-dimethoxyiso- 
quinoline-1-carboxaldehyde (XTI) was used, and 
the quaternization effected in presence ol’ dimethyl- 
formamide. It has also been found that the oxime 
method is superior in the case of synthesis of other 
analogs. The ultraviolet and visible spectra oi the 
dehydropalmatine bromide (V. X = Br) thus 
prepared, resembled those of benz- [a Iacridizinium 
salts previously prepared4 Reduction of the new 
salt (V. X = Br) in presence of Adams’ catalyst 
produced ( *)-tetrahydropalmatine as the hydro- 
bromide, and the free base (X) was found to be iden- 
tical with an authentic  ample.^^'^^ Other analogs 
tetrahydropalmatine were obtained by starting 
with the appropriate nlkoxybeneyl halides. The 
oxime (XVII) was quaternized with 2,3-methylene- 
dioxybenzyl bromide4 (XT’. R1 = H, Rz - R3 = 
OCHzO) and the crude salt was cyclized with hydro- 
chloric acid, affording the expected dehydro- 
epiberberinium chloride (VI. X = C1; 65% yield). 
Catalytic hydrogenation of the new salt (TI, X = 
C1) afforded the tetrahydr~epiberberine~ll~ (XI, 

(4) C. K. Bradsber and J. H. Jones, J .  Org. Chenz., 23, 
430 (1958). 

(5) E. Spath and N. Polgar, Monatsh., 51, 190 (1929). 
(6) E. Spath and H. Quietensky, Ber., 58, 2267 (1925); 

E. Spath and E. Mosettig, Ber., 59, 1496 (1926); E. Spnth 
and E. Kruba, Monatsh., 50, 341 (1928). 

( 7 )  R. D. Haworth, J. B. Koepfli, and W. H. Perltin, 
Jr., J .  Chem. Soc , 548 (1927). 

(8) T. R. Govindachari, S. Radjurai, ill. Subranianian, 
and N. Viswanthan, J .  Chem. Soc., 2943 (1957). 
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siriactine) in 50% yield. Buck and Perkin, Jr.," 
folloming a procedure described by € W e t  and 
Ganis," synthesized a new compound, which they 
ramed tetrahydropseudoepiberberine. This allra- 
loid can be prepared conveniently by cyclization of 
the quaternary salt obtained from the oxime (XVII) 
and 3,4-methylenedioxybenzyl b r ~ m i d e , ~ , ~ ~  fol- 
lowed by catalytic reduction of the resulting de- 
hydropst.udoepiberberiniuni chloride (VI1, X = 

In the same way, when veratryl bromide mas 
yuaternized with the oxime (XVII), and cyclized 
as above, the dehydronorcoralydine chloride (VIII. 
X -= Cl) was obtained in 75y0 yield. On catalytic 
reduction of the salt, (VIII. X =- Cl), the expected 
( rc j-nrtrtxordydine (XIII)  hydr~chloride'~ was 
obtained in SOCY, yield. 

With 1%-methoxybenzyl bromide and the oxime 
(XVII: ~ the 2,3,10-trimethoxybenz [alacridizinium 
chloride (IX. X = CI) was prepared as above in 
good yield. The catalytic rcduction of the salt 
(IX. X I- C1) yielded the expected new alkaloid, 
2,3,10-.trimethoxydibenzo [a ,g lquinolisidine (XIV). 

When the oxime of 6,7-methylenedioxyisoquino- 
line-I -rarboxaldehyde3 was quaternized with 2,3- 
met tiglenedioxybenzyl b r ~ m i d e , ~  the crude salt 
was found to cyclize easily, producing the expected 
dehydrocoptisinc chloride (11. X -- C1) in 85% 
yield. The ca talylic reduction of the salt afforded 
tetra hyclrocopr,isiii e (( -t-)-styl~pine,~~ l5,I6 IV) I 

Ci) I 

EXPERIMEKTAL" 

I-;l.lethyl-6,7-di.n~thoxy~~~oyu~noline. The homovcratryl- 
amine, required for this purpose, was best prepared from 
3,4-dimethoxynit,ro~tyrene~* by reduction with lithium- 
aluminum hydride in tetrahydrofuran, an improvement 
over the Boxhlet extraction method using ether.1gp20 The 

(9) R. D. Haworth and W. €I. Perkin, Jr., J .  Chem. SOC., . .  
1766 (1926). 

(10) IC. Goto and Z. Kitasato, J .  Chem.. SOC., 1234 (1930). 
i l l )  J. S. Buck and W. PI. Perkin. Jr., J .  Chem. Soc., 

125, i675 (1924). 
(12) A. Pictet and A. Cams, Ber., 44, 2480 (1911) 
(13) G. RI. Robinson and R.  Robinson, J .  Chern. SOC., 

(14) I,. E. Craig and I). S. Tarbell, * J .  Am. Chem. SOC., 
105, 1456 (1914). 

70, 2783 (1948). 
(151 E. Suiith and P. L. Julian, Rer., 64B, 1131 (1931). 
( l a )  Z gititrtsato, Proc. Imp Acad Tokyo, 2, 124 (1926). 

Br7t Chem. Abstr., 1160 (1926). 
(17) Except as noted all melting points were determined 

on the Fisher-Johns block and are uncorrected. Infrared 
absorption spectra were determined by the potassium 
bromide plate method using the Perkin-Elmer model 
Infracord Spectrophotometer. All ultraviolet spectra weie 
measiarcd in %70 ethanol solution using a Warren Spectra- 
cord spertrophotomeier and l-cm silica cells. Except as 
noted all anal5yes were bp Drs. Weiler and Qtlauss, Oxford, 
England 

(181 F Knoevenagcl and Id Wallw, Ber., 37, 4506 
(1!,04'. 
(19) F A Rainirez and A. Burger, J. Am. Chem SOC., 

72, 2797 (1950'). 
(20) R.  I. 1'. Cromartie and J Harley-Mmon, J .  Am 

C'hem Soe,, 74,2525 (1952). 

method is essentially that described earlier?1.22 and the yield 
of the amine obtained was up to 85%. For most of our experi- 
ments we used honioveratrylamine generously donated by 
the Lilly Research Laboratories (Eli Lilly & Co., Indian- 
apolis, Ind.). 

l-Methyl-3,4-dihydro-6,7-dimethoxyisoquinoline, prc- 
pared by cyclization of the crude homoverat,rylacet,amide, 
was dehydrogenated by heating 20.5 g. for 2 hr. with 6 g. 
of 10% palladium-on-charcoal catalyst a t  175", and crystal- 
lizing the product from benzene-petroleum et,her (h.p. 
30-60") as colorless needles, m.p. 112' (lit.,a m.p. 111-112°); 
yield 15 g. (74%). Purification was effected by passing it 
through a column of alumina, eluting it with benzene. 
6,7-Dimethoxyisoquinoline-l-~arboxuldehyde.~~ To a clear 

hot and stirred solution of selenium dioxide (3.5 g.) in diox- 
ane (50 ml.) and water (3 ml,), was added dropwise a solu- 
tion of l-methyl-6,7-dimethoxyisoquinoline (5 g.)  in purified 
dioxane (50 ml.) in the course of 30 min. Within a short t,irne, 
a red precipitate started forming and the whole mixture 
was heated on the steam bath with continuous agitation for 
2 hr., after which the solution was filtered hot from t,he 
precipitated selenium. The bulk of the dioxane was removed 
by distilling the filtrate, under diminished pressure. The 
residual material was diluted with water, made alkaline 
with sodium hydroxide solution, and exhaustively extracted 
with ether. The dark colored ethereal solution was dried 
(sodium sulfate) and decolorized with Norit. The almost 
colorless solution was filtered and freed from ether and 
dioxane. The residue mas crystallized from et.hano1. The 
aldehyde was obtained as colorless plates, m.p. 176"; yield 

Anal. Calcd. for CI2H11NOa: C, 66.40; €1, 5,07; N, 6.45. 
Found: C, 66.18; H, 5.28; N, 6.85. 

The oxime (XVII) of the aldehyde (XVI), piepared in 
the usual way, cryshllized from ethanol as colorless plates, 
m.p. 247-248'. 

.4naLZ4 Calcd. for C12H~2N20]: N, 12.06. Found: N, 12.02. 
d,S,9,10-Tetra.methosybenz[a]acridizinium ln-omide 

(dehydropulmatine bromide, V, X = Br).23 (a) By the alde- 
hyde method. One gram of aldehyde (XVI) was refluxed for 
2 hr. with 1.2 g. of 2,3-dimethoxybenzyl bromidez6 in 15 ml. 
of acetonitrile, under a nitrogen atmosphere. The solvent 
was removed under vacuum and the red semisolid residue was 
washed several times with ether. Concentrated hydrochloric 
acid (20 mI.) was then added to the solid which slowly 
went into solution. The solution was heated on the steam 
bath for about 1 hr. The solvent was removed under di- 
minished pressure, and the residue was Crystallized from 
ethanol, producing orange needles, m.p. 250" dec. (in sealed 
tube); yield 0.61 g. (30%). The yield was not improved hy 
changing the solvent or the refluxing time. 

(b) By the oxime method. The oxime (XVII, 1 g.) was dis- 
solved in 20 ml. of dimethylformamide by heating on a 
steam bath and 1 g. of 2,3-dmethoxybenzylbromide Mias 
added to  the hot solution. The whole mixture was kept a t  
50" for about 1 hr. and then left at, the room temperature for 
3 days. The quaternary salt was precipitated by adding 
ethyl acetate and dry ether, and the yellow precipitate was 
collected, washed several times n-ith anhydrous ether, and 
dried under vacuum. The crude salt, (1.8 g.) was dissolved 
in 30 ml. of concd. 11ydr.ochloric acid and  heated on the 

1.8 g. (35%). 

(21) M. Erne and I". Raniircz, 31eh. ('htm. Ada. 33, 912 

(22) TV. J. Oensler and C. M. Pamour, J .  Am. Chem. 

(23) A small quantity of this compound was prepared 

(24) Analysis by Galbraith Laboratorieq Xnoxvillc, 

(25) C. K. Bradshcr and J. R. ,Tones, J Am. Chem. Soc., 

(1950). 

SOC., 73, 5566 (1951). 

earlier by Dr. Dieter Pawellek, working in thiR lahoratory. 

Tenn. 

79, 6033 (1957). 
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steam bath for 1 hr.26 The acid was distilled and the red 
residue was carefully dried on a porous plate and then crystal- 
lized from methanol. The product was obtained as orange 
needles, m.p. 250" dec. (in sealed tube); yield, 1.6 g. (80%). 
The analytical sample melted at the same temperature; 
X,,, 246, 285, 328, 355, and 464 m p ;  rnin., 268,306,344, and 
404 mp, 

A n a l .  Calcd. for C21H2004NBr: C, 58.60; H, 4.65; N, 3.25. 
Found: C, 58.83; H, 4.74; N, 3.26. 

The perchlorate formed red needles from methanol, m.p. 
310-312' dec. (sealed tube). 

A n a l .  Calcd. for C21HZoClN08: C, 56.20; €1, 4.45; N, 3.12. 
Found: C, 55.80; H, 4.60; N, 2.92. 

d,3,9,1 O-l'elra~nethorydibenzo[a,g]quinolizidine (tetra- 
hydropalmatine, X). A solution containing 0.35 g. of the 
above dehydropalmatine bromide in 150 ml. of methanol, 
mas hydrogenated at atmospheric pressure in presence of 
50 mg. of platinum oxide. The solution was filtered from the 
catalyst and the filtrate was concentrated under vacuum, 
affording an almost colorless solid. This was dissolved in 
water, and ammonia was added to precipitate the base, which 
was extracted with ether. The ethereal solution was dried 
(magnesium sulfate) and the ether removed. The residue was 
crystallized twice from dilute methanol (Norit), when the 
( iz )-tetrahydropalmatine (X)  was obtained as colorless 
prisms, m.p. 147" (lit.,' map. 147"): yield, 152 mg. (53%). 
The base gave no depression of melting point when mixed 
with an authentic saniple2' and infrared spectra of the two 
were identical. 

Anal .  Calcd. for CZIHZ~OJS: C, 70.99; H, 7.04; N, 3.94. 
Found: C, 71.08; H, 7.04; h', 4.24. 

The hydroLhloride, prepared by passing hydrogen chlo- 
ride into a dry ethereal solution of the base, was crystallized 
from methanol as colorless needles, m.p. 215-216' (lit.,2* 
m.p. 215"). 

1,5-Dimathoxy-9,10-me~hylenedaoxybenz [a] acr id iz in ium 
chloride (dehydioepiberberinium chloride) (VI. X = Cl). 
The oxime (XVII, 1 g.) was quaternized in the usual way 
with 2,3-methylenedioxybenzyl bromidez5 and the crude 
salt cyclized in concentrated hydrochloric acid. The product 
crystallized from a mixture of methanol and ethanol as 
orange needles, m.p. 275-277' dec. (sealed tube); yield 1.4 
g. (80%); A,,, 248, 275, 327, 358, and 492; min. 262, 304, 
340, and 417 mg. 

Anal .  Calcd. for C~oH&lN0~.2H20: C, 59.18; H, 4.93; 
N, 3.45. Found: C, 58.91; H, 4.63; N, 3.66. 

The perchlorate ~t 'as obtained in the usual way and crystal- 
lized from dimethylformamide and ethanol as scarlet red 
needles, m.p. 315-316" dec. (sealed tube). 

Anal .  Calcd. for C20HI&1N08: C, 55.36; H, 3.69; N, 3.23. 
Found: C, 55.11; H, 3.90; N, 3.16. 

1,<S-Dimeih oxy-9,lO-melh ylenedaorydibenzo [a, q ]  quinolizi- 
dine( tetrahydroepiberberir~e, XI). A suspension of 2,3- 
dimethoxg - 0,lO - methylenedioxybenz [a] acridizinium 
chloride (VI. X = C1, 500 mg.) in methanol (200 ml.) was 
hydrogenated in presence of platinum oxide catalyst (80 mg.) 
for 24 hr. The crude free base (250 nig., 55y0) was crystal- 
lized twice from ethanol and was obtained as colorless 
prisms, m.p. 167-168' (lit.,g,lo m.p. 169-170", 168"). A 
minute crystal was dissolved in glacial acetic acid to which a 
drop of concentrated sulphuric acid was added, giving a 
colorless solution which slowly turned violet. Tetrahydro- 
epiberberine shows the same reacti0n.~~10 

Anal .  Calcd. for CnaHzlNOd: C, 70.78; H, 6.24; N, 4.13. 
Found: C, 70.55; H, 6.16; N, 4.22. 

The hydrochloride crystallized from water as colorless 
needles which decomposed a t  246'. The melting point could 

(26) In subsequent experiments it was found that the 

(27) We are indebted to Prof. Alfred Burger for the gift 

(28) K. Feiut, Arch. Pharm., 245,  586 (1906). 

ryclization time could be shortened to 10-20 min. 

of this sample 

not be raised by further crystallization (lit.l0JQ d ec, about 
286'; dec. 285-290'). 

Found: C. 63.95: H. 5.81. 
An~1.2~ Calcd. for CzoH2tOdN.HCl: C, 63.91; €1, 5.85. 

I ,3 -Dimethoxy~lO, l l  -methylenediozybenz[a] acridizinium 
chloride (dehydropseudoepiberberinium chloride, VII. X = 
Cl). The quaternary salt, obtained from the oxime (XVII, 
500 mg.) and 3,4-methylenedioxybenzyl bromide3vl3 in 
dimethylformamide, was cyclized in the usual way. The 
yellow product crystallized from excess methanol as green- 
ish yellow microneedles, m.p. 278-280 dec. (sealed tube); 
yield 800 mg. (quantitative); Amax 276, 309, 322, and 413; 
min. 250,285,317, and 367 mp. 

Anal .  Calcd. for C2oH&lNOd.H,O: C, 61.93; €1, 4.64; 
N, 3.61. Found: C, 61.57; H, 4.54; N, 3.82. 

I,S-Dinaethory-lO,l I-methylenedioxydibenro [a,g] quinolizi- 
dine (tetrahydropseudoepiberberine, XII). A suspension of 
the above salt in methanol was hydrogenated and the base 
obtained in the usual way was cryst'allized from dilute 
methanol as colorless needles, m.p. 160' (lit.,ll m.p. 160- 
161"): yield, 225 mg. (5570). 

Anal .  Calcd. for C2oH~llCOr: C, 70.78; HI 6.24; N, 4.13. 
Found: C, 70.85; H, 6.37; Tu', 4.20. 

The picrate was prepare? the usual way, m.p. 150" dec. 
(1it.,l1 m.p. 149-150"). 

2,3,1 0,ll-Tetramethoxybenz [a]  acridizinium chloride 
(dehydronorcoralydine, 17111.  X = Cl). The oxime (XVII, 1 
g.) quaternized easily with veratryl bromide (1 g.) in the 
presence of dimethylformamide (10 ml.) producing stout 
yellow prisms which, on cyclization for 10 min. with con- 
centrated hydrochloric acid, afforded yellow crystals. These 
crystallized from methanol as fine yellow needles, m.p 
240-242' dec. (sealed tube); yield, 1.4 g. (7570); X,,,278, 
309, 322, 417; min. 250, 286, 318, and 370 mp. 

Anal. Calcd. for CZ,HZ~C~KO~.HZO: C, 59.78; H, 5.69; 
N, 3.32. Found: C, 59.61; H, 5.60; iS, 3.20. 

The perchlorate w~ts prepared in aqueous methanolic solu- 
tion and was obtained as yellow needles from dimethyl- 
formamide, m.p. 367-368' dec. (sealed tube). 

Anal .  Calcd. for C21H&1K08: C, 56.06; H, 4.44; N, 3.11. 
Found: C, 56.25; H, 4.69; N, 3.12. 

I,3, I O ,  11 - Tetramethonydibe nzo [a,g] quino!izidine(norcor- 
alydine,  XIII).  The above salt (VIII)  was hydrogenated in 
the usual way and the colorless norcoralydine hydrochloride 
thus obtained was crystallized several times from dilute 
methanol as colorless prisms, m.p. 232' dec. (iit.,14r30 m.p. 
234-237" dec., 236-237"); yield 60%. The product gave no 
depression when nixed with an authentic sarnplea1 of hydro- 
chloride. 

i l na l .  Calcd. for C21H25N04.HC1: C, 63.39; H, 6.64; N, 
3.83. Found: C,.63.33, 63.11; H, 6.57; 6.73; K, 3.63. 

I,3,10-Trimethoxybenz [a]  acridizinium chloride (IX. 
X = Cl). m-Methoxybenzylbromide (1.5 g.) was quater- 
nized with the oxime (XVII. 1 g.) in presence of dimethyl- 
forrnamide and the quaternary salt was cyclized with con- 
centrated hydrochloric acid. The yellow precipitate was 
crystallized from a mixture of ethanol and methanol. The 
product was obtained as yellow needles, m.p. 242 dw. 
(sealed tube); yield 1.2 g. (72%); A,,, 277, 312, 332, 435; 
min. 250, 300, 322, and 380 my. 

Anal .  Calcd. for C2oHl8C1NO3CH30H.~HZO: C, 
62.06; H, 5.66; N, 3.44. Found: C, 62.03; H, 5.94; N, 3.42. 

The perchlorate was obtained as greenish yellow needles 
from methanol and ethanol, m.p. 310-311' dec. (sealed tube). 

A n a l .  Calcd. for C20HleC1N07: C, 57.27; H, 4.30; N, 3.34. 
Found: C, 56.95; H, 4.41; N, 3.42. 

8,3,1 O-Trimetl~ozydibenzo[a,g]quinolizidine (XIV). 
The above acridizinium chloride ( IX)  was hydrogenated 
with platinum oxide catalyst in methanol. The almost color- 

(29) W. II. Perkin, Jr., ,I. Chern. SOC., 113, 492 (1918). 
(30) R. H. F. Manske, Can.  J. Research, 16B, 81 (1938). 
(31) We are indebted to Professor D. S. Tarbell for the 

gift of a sa'mple of the free base. 
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less product thus obtained was crystallized several times 
from dilute methanol (Sori t )  as colorless prisms, m.p. 214- 
215'; yield 50%. 

And.  Calcd. for CroH23N03. HCl.Ht0: C, 63.24; H, 6.85; 
S, 3.68. Found: C, 63.21; H, 6.95; N, 3.65. 

chloride 
(dehydrocoptisine chloride, 11, X = CI). A mixture of the 
oxime of 6,7-methylenedioxyisoquinoline 1-carboxaldehyde3 
(0.9 g.) 2,3-methylenedioxybenzylbromide4 (1 g.) and di- 
methylformamide (15 ml.) was allowed to  react in the usual 
way and the quaternary salt m a s  cyclized wit,h concentrated 
hydrochloric acid. The red precipitate 1%-as collected and 
crystallized from a mixture of ethanol and methancl as 
v d  needles, decomposing above 300" (sealed tube); yield 
1.5 g. (8,iyoj; h,,,, 245, 317, 356, 490; min. 264, 294, 337, 
and 418 rnpL. 

The analxticai sample was recrystallized from excess 
meth:rnol, withoiit change in nieltine aoint. 

2,J, 9, I 0-Bisineth yle nediox yh en2 [a] acridizinium 

The perchlorate was obtained as red needles from di- 
methylformamide and methanol, decomposing from 350". 

A n a l .  Calcd. for ClsH12CIN08: C, 54.61; H, 2.87; Tu', 
3.35. Found: C, 54.50; H, 3.21; N, 3.75. 

2,3,9,10-Bzs~nethylenedzoxydzbenzo [a,g] quanolzzidane (fetra- 
hydlocoptzszne, *-styZopzne, IV). The above salt (11. X = 
C1) was hydrogenated in the usual way and the free base mas 
crystallized twice from methanol. The tetrahydrocoptisine 
(XIV) was obtained as colorless needles, m.p. 217-218" dec. 
(lit.,Qr16,16 n1.p. 219', 227-228", 215-216'); yield 50%. 
It was found that a solution of the base in glacial acetic acid 
~ 1 0 ~ 1 ~  turned green on addition of a drop of concentrated 
sulfuric acid, vhile the further addition of a drop of dilute 
nitric acid produced a red color. Tetrahydrocoptisine was 
reported to behave similarly. 

Anal.24 Calcd. for CiQH17S04: C, 70.57; H, 5.30; N, 4.33. 
Found: C, 70.64; €I, 5.14; N, 4.56. 

-4nai. Calcd. for C19k12C1S04.:3~2 H20: C, 60.00; H, 
3.!)4. Found: C, 59.69; H, 4.05. DURHAM, N. e. 

Trimerization of Acetylenes 

I?eceiLed December 12, 1960 

'Tht: trinieriaatiori of monovinylacetylene and thc cotrimerixatiori of divinylacetylcnc \\.it11 acetylene and with methJ.1- 
acetylene have been effected under mild conditions using triisob~it~-laliirnin~im/~itanium tetrachloride catalyst, to  give tri- 
vinylbenzenes and o-divinylbenzenes, respectively. 

' h e  trhermal trimerization of acetylene l o  bcii- 
Lene was reported almost one hundred years ago 
by Bert1ielot.l Since then, such catalysts as metal 
carbonylsj2 triphenylphosphineiiickel ~ a r b o n y l , ~  
triaikylchroniium,4 diborane-activated silicaalu- 
iniiia,j and triisobutylaluminum-titanium tetrachlo- 
rideC hare been shown to facilitate the trimeriza- 
tion of acetylenes. Trialkylaluminum-titanium tet- 
rarhloride catalysts art: n ~ l l  knomi for their 
ability to catalyze the polyinerizatioii of ~lef i i is ,~ 
aiid ha1.c. becn med to polymerize 1-hexyne to 
liricar coiijugated >tructures.l 

Although viiiylacetylenes might thus be expected 
to give complex products with trialkylaluminum- 
titanium tetrachloride catalysts, we have found that 
thew catalysts promote trimerizatioii of mono- 
vinylacetylene a i d  cotrimerizatiori of divinylacety- 

115 (1960). 
131 IT. Rcuue :and IT. J. dchncckcndick, Liebiqs A m .  

Chem., 560, l0.i (1918) 

2013 (1958). 

3291 (1 957) 

(4) H. H. Zeiss and W. HerTIig, J .  Am. Chem. Soc., 80, 

( 5 )  I .  Shapiro and H. G. Weiss, J .  Am. Chem. Soc , 79, 

(6) B. Franzus. P. J. Canterino, arid R. A. Wickliffe, 

lerie with zlcetyleiie readily a t  -10 to 50' to give 
vinylbenzenes in modest to good yields. 

At -lo", monovinylacetylene gave a mixture of 
1,2,4- and 1,3,5-trivinylbenzenes in 74% yield. 
The yield a t  50" was only 10%. The composition 
of this mixture as determined by ultraviolet analy- 
sis of the hydrogenated products m-as 90% 1,2,4- 
trivinylbeiizene and 10% 1,3,5-trivinylbenzene. 
Statistically, one would expect a product contain- 
ing 75y0 of 1,2,4-trivinylbenzeiie. 1,3,5-Tri~inyI- 
beiimie has been prepared by another method,g 
but  apparently the 1,2,4-isomer has not been re- 
ported. 

The lJ.4- and 1,3,j-triviiiylbeiizenes were sepa- 
rated by gas chromatography although considerable 
polymerization occurred on the column. The re- 
tention time of the 1,2,4-i.oiner was slightly shorter 
than that of the 1,3,5-isomer. 

The infrared spectra of lJ3,5-triviiiylben~eiie and 
of the mixture of trivinylbenzenes were in gcneral 
those expected for vinylbenzenes. The spectrum of 
1,2.4-trivinylberizeiie showed a strong band at 
11.98 p which was absent in the spectrum of 1,3,5- 
trivinylbenzene. As would be expected, the tri- 
vinylbenzenes absorb strongly in the ultraviolet, 
Xg:;OH 246 mM ( E  = 31,000). 
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