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Abstract: The leaves of Cycfea afjehensisFonnan (Menlspermaceae) of Thal origin have yielded the 

bisbenzylisoquinolines (+)-cycleatjehenine (la) and (+)-cyclealjehlne (6). These alkabkk Incorporate the 

unusual methyieneoxy bddga, and bebng to a new bisbenzyllsoquinoline subgroup. 

The Msbenzylfsoquinolines have been subdivided into more than 15 subgmups, but onty the cissamparelne subgroup is 

known to incorporate the unusual methyleneoxy bridge.3~5 Presently, as a result of the stMy of Cy&a atjehensk Forman 

(Menlspermaceae) of Thai origin, a new subgroup of bisbenzylisoquinollnes, conslsting of the akafokls (+)qdeatjehenine (la) 

and (+)cycleat@hine (6) , has come to Ught. This novel subgroup, just like the clssampareine-type alkakids, Is characterized by 

the presence of a methyleneoxy brklge. 

(+)-Cydeatjehenlne (la), C37H36N206, Is the more prevalent member of this subgroup. The mass spectrum showed 

mofecular ion m/z 604 (19%), while the base peak, Mz 206, CllH12NO3, corresponded to the tetrahydmisoquinollne moiety 

represented by rln!~s A and B. The UV spectrum, In&MeOH) n&279,314,327 nm (log E 4.76,3.64,3.41,3.46), denoted 

an appredably coniugated system. 

Among the notable features of the 500 MHz 1H NMR spedrum in CDCl3 were an AB system centered at 8 7.53 and 6.43, Jo 

- 5.7 Hr, diagnostk of the pyrtdine ring of an isoquinollne. The a’-methylene Qroup of the benzylisocprinollne moiety was 

described by two doublets, at 5 4.34 and 4.47 , Jsem - 75.7 Hz. The other hatf of the dimer consisted of a classkal type 

tetrahydrobenzyftsoquinoline, with an N-methyl singlet at 6 2.30 and an H-l multiplet at 8 3.84. A hiphly hindered phenolk 

functbn was also In evidence, whose proton was responsiMe for a broad singlet at 6 4.74. Three methoxyl singlets were 

present, at 8 3.81,3.69 and 4.09. The downfield shift of the latter methoxyl suggested that il was somehow associated with the 

lsoq~lnollne moiety. Two doublets relatively downfie!d at 5 4.54 and 5.03, Jsem -12.0 Hz, indicated the presence of an extra 

methyfene group flanked by an aromatic ring on one side, and by an oxygen atom on the other. It, therefore, appeared as ff a 

msthyleneoxy btidoe was present, connecting the two benzyliscquinoline units. 

A complete NMR NOE study albwed placement of the three methoxyl substituents at C-8, 12, and 6 (Experimental). 

Furthermore, lrradiatbn of H-l (5 3.64) resulted in enhancements of the N-methyl (8 2.30), H-10 (8 7.21) and the two a-protons 

(8 2.54 and 2.95). Slgnlfkantly, no enhancement for an aromatk singlet was In evidence. pointirqf to substltutbn at C-8. 

Another sI@fkant NOE data set related one of the a’-protons (5 4.34) with protons 10’ and 14’ at 8 6.83. Flnalfy, recfpmcating 

NOE’s were also observed between each of the two protons of the methyleneoxy bridge (6 4.54 and 5.03) on the one hand, 
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and ammatk proton8 11’ and 13’ (5 7.08) on the other. It iolbwed that the methylene carkon of the methyleneoxy bdd(je b 
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The aMcal questbn at this st8ge was whether the oxygen oi the methylewoxy bridge was linked to C-7 or to C-8. In order to 

tlnd the answev, a direct Qi-13C cowetatbn was nm. auppbmented by a bng-range 1~1% corm atMy.~Thb &wed UB to 

make a Complete 1% NMA chembal shitt asdgment, whkh has heen Mkated In diagram lb. Addltbnafly, each of the two 

protons of the methybneoxy hrbge was coupled to the carbon of that bridge, as well as to C-11’ and 13, and also to C-7, thus 

ctearty cbflnlng the termmats of the methyteneoxy enttty. 

final etructure conflrmatlon was provided by a sodium In liquid amrnonla reductbn of the 0-methylated derivatfve 2. A 

complex mLxture of products was actually ohtafned from thk reductbn, of whbh three were Idetilfled. The first proved to be the 

optically inactive 6-methoxy-12-methylbenzytlsoqulnollne (3). The second was (-)-N-methyl-6,8,12-trjmethoxy’l- 

hydroxyfetrahydrohenzylisoquinoline (4) and the third (-)-N-methyl-6,8,12-trimethoxy-7,i ldlhydroxytetrahydrohenzyflso- 

qumoune (5). 

The existence of a methyl group at C-12 in benzylisoquir!olbe 3 conflrrned the attachment of the methybneoxy carbon to C 

12 In (+)-cydeatjehenlne (1). To determtne Ihe position of the phenollc functbn In the seoond reduction pro&~& 4, the 1H 

NMR spectrum was recorded not only In CDCl3 (chemical shift lndkated around expessbn 4) hut also In OMSO-r.Q and then In 

OMSO-@NaOO. In bask solutbn, Hb appeared retatlvety upfleld at 6 6.08, whereas It was at 6 6.45 In tIMSO-& Thk Ali c4 

0.37 ppm k Mkatlve of an ammatk proton In a meta relatlonship to a phenolk hydmxyt.7 The structure of the third rkXkcfbn 

product. 5, was cladfled by means of an NMR NOE atudy. In partkubr, Wtpmcatlng NOE’s were observed between H-10 (6 

6.87) and the Wnethoxyl (5 3.96). 
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A slightly more polar componenl from C. atjehensk? was the dipherblk (+)cycbatjehine (6), C35H34N206, h (MeOH) 

237,280,314,327 nm (bg t 4.79,3.91,3.45,3.49). The mass spectrum showed molecular bn r&r 590, whbh Is 14 daltons 

less than for dlmer 1. But the base peak, m/z 206, representlng rtngs A and B, was ldentkal wlth that of 1. The 1H NMR 

spectrum, whkh has been summarked around expressbn 6, bore some resemblance to that of 1, except for the absence of 

the most upftetd msthoxyl sbnal. The Hf)’ stgnal now appeared downfield at 6 7.31, while it was al 7.21 In dlmer 1 

Dlazomethane C-methylatbn of (+)cycbatJehlne (6) furnlshed three products. The major componem, makln2 up 75% of 

the mtxture, proved to be (+)-cycleatjehenine (I). The second product (20%) corresponded to (+)-C-methykycbatJehenlne (2), 

and the third dertvative was the unexpected Hofmann product 7. The spectrum of stilbene 7 showed two N-methyls (6 2.48) 

and the charactedstk resonances (5 2.72 and 2.95) of the msthybne protons of a dlrnethylamboethyl skte Chain, as Well as the 

two vbylk protons of the stllhenokt txk@s (8 6.43 and 6.55, J 16.0 Hz). The ever-present methyleneoxy bridge protons were 

also In evtdence as a Wad singlet (3 4.82). 

tt k bterestlng to note that the ratlo of 75:20:5 between products 1,2 and 7 remained essenthlly constant after about 10 

hours under cur methytatlng cortdltbns. A similar situatbn was encountered when (+)cycbatjehenbe (1) was C-methytated. 

The startfn~ nraterlall was recovered in ahout 75% yield, whlb the two products 2 and 7 were obtained in 20% and 5% yields, 

respectively. 

Scheme I 
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The absolute confbumbn of bMmzyltscqulnollnes Is usually establtshsd through scdlum In llquld ammonia cleavage 

which furnishes two tetrahydrohenzyltscqulnollnes whose speclfb rotatbns are normaly lndkatlve of their absolute 

conflguratbn. However, In the present instance, atthcugh the sodium In liquid ammonia feductbn was duly run, tetmhydmhen- 

xyltscq~lnollnes 4 and 5 that were ohtalned showed only mlnlmal spectflc rotatbns (Experimental), whfle the CD curves were 

too weak to he fully slgnifbant. Thb phenomenon is tied to the fact that species 4 and 5 bear a methcxyl substltuent al C-8 as 

welt as an N-methyl funclbn;-As a consequence, the pendant henzylb rfng C lies preferentlatly In a posttbn nearfy perpendicular 

to the tetrahydrolsoquinoline rings A and B, with a resulting lack of distinct optical propertles. Presently, therefore, we can only 

state that the sterecche&try of (+)-cycleatjehenlne (la) and (+)cycbatjehine (8) at C-l Is still undetemIlned. 

Given that curlne-type akalolds commonly occur among the Mentspenaceae, and are known to he present In Cyclea 

specles,3-5 the bbgenesis of (+)-cycleatjehenlne (1) and (+)-cycleatjehlns (8) may proceed from a curfne analog such as 8 

whbh can suffer oxidation to the oxonlum catbn 9 (Scheme I). Ebctrophllb cycllzatbn leads to the dbxane dertvatlve 10. 

Cleavage of the dbxane ring as Indicated, folbwed by reductbn and oxkfatbn can then fumlsh species 1 and 8. 
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Experlmental Sectlon 

All NMR data presented were o&abed on either a Bruker AM-500 or WM-380 spectrometer in CDCb. Mass spectral data 

were collected on a Kratos MS-50 high resolution mass spectrometer. 

Plant Cotlectlon and Extractlon, and Alkatold Ieolatlon: Cyc/ea atjehensis was colleded In Somchftra tln mine, 

Kanchanahuri Province, near the horder wlth Myanmar, In January 1987. The dried leaves (2.5 kg) were extracted first wfth 

petroleum ether, and men wtth ethanol. After evaporatbn of the sotvent, the ethartolic extract was mked wlth 10% acetk acid in 

water and filtered. Following hasificatbn with NH40H, the aqueous solution was extracted wlth chbrofonn, which furnished, 

after evaporatbn, 55.4 g of crude akabkts. A rough separation was obtained hy sllba gel column chromatography using a 

CHCl3/MeGH gradient. Further purffbatbn of the akabiis was achieved by column chromatography using silica gel for tic. 

and through the use of slllca gel tb glass plates. Small, crystalline needles of (+)-cycbatJehenlrw (I)(804 mg) and amorphous 

(+)-cycleatjehlne (225rng) were thus obtained. 

(+)-Cycleatjehenlne (1): C37H38N208; mp 218” (MeOH); EIMS: wz 804 (M+, 19) 590 (3), 598 (8) 574 (3) 399(18), 

398 (14) 397 (11). 382 (28) 302 (4) 208 (15). 207 (38) 208 (loo), 178 (28); HR MS: for C37H38N208: calc’d 804.2578, 

fd.804.2543 ; for C28H24N03: calc’d 398.1749, fd. 398.1784; for CttH24N03: cak?d 208.0814; fd. 208.0805; UV Amax 

(MeOH) 238,279,314,327 nm (bg & 4.78,3.84,3.41, 3.48); no change In base; Xmax ( H+, MeOH) 228sh, 252,313,34lsh 

nm; (alo +391’ (c-0.25, CHCb), [a]D +352” (c-0.25. MeOH); CD & (nm) 0 (310) -0.8 (285) 0 (270) +I05 (244) 0 (232) 

negative tall hebw 223 nm. 

Prtncipal NOES: H-5 to OMe-8 (8). 0Me-8 to H-5 (10). H-l to N-Me (2) H-l to H-10 (5) H-10 to H-l (5) H-l to each H-a (1). 

H-13 to GMe-12 0, HS’ to DMe_g (8) OMe8’to H-5’ (9) H-5’to H-4’ (8) K4’to H-5’ (2) HS’ to H-d (6 4.47) (2). Ha’@ 4.47) to 

H-8’ (4) H-a’ (5 4.47) to H-l 0’ and H-14’ (3). H-l 0’ and H-14’ to H-a’ (6 4.47) (2). H-l 1’ and H-13’ lo CH2-0 (2) CH2-0 to H-l 1’ 

and H-13’ (4). 

O-Methylatkn of (+)-Cycleatjehmlne (1): In a 10 mL flask, alkabb 1 (20 mg) was dissolved in MeOH (5 mL), and 

etheral dbzomethane (5 ml) was added. The soln was allowed to stand for 15 h In the refrigerator. Work-up provided 1 (15 mg), 
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2 (4 ma) and 7 (1 m0). Similar results were o&abed when 6 was 0methytated, the products bstn9 1.2 and 7 In the tcbntbal 

mtb. 

Sodturn In Bqutd rnmonla rad4mtton d 2: see reference 8 

(+)o-MathylcyclWt]ehenl~ (2j : C38H38N206 ; EIMS n%r 618 (M+, lo), 604 (4) 603 (S), 399 (2), 396 (3), 382 (6) 

309 (6). 221 (26)s 220 (100) 206 (15), 204 (13), 203 (14) 192 (1 l), 190 (4) 178 (21); UV Imax (MeGH) 237,280,313,327 run 

(b0 ~4.77,3.95,3.52,3.5(); no change tn base; kmax (H+, MeOH) 231sh, 252,2638h, 314,345sh nm; [alo +272°(c-0.11, 

MeGH), [alo +2860 (c-0.175, CHCb). 

6Methoxy-12-methylbenxyliauquhtollnr (3): Cl8Hl7NO; EIMS m/z 263 (M+, 38) 262 (100). 247 (13) 204 (13), 

162 (62). 

(_)_N-Uothyl-6,6,12-trlmothoxy-7-hydroxytrtrahydrol~quInoIInr (4): C2OH25N04; EIMS nvz 223 (13), 222 

(lOO), 207 (3). 206 (3), 192 (1) 176 (3); [aID -11’ (c-0.64, MeOH), [a]0 0’ (c-0.64, CHCD); CD As (nm) 0 (295) -0.5 (283). 0 

(260), +O.ll (248), 0 (240 ), -0.3 (no), postthfe tail hebw 220 nm. 

(_)_N-~hyl-6,8,12-trlmethoxy-7,ll-dlhydroxytetnhydrolsoqulnollne (6): C2OH25N05; EIMS nvz 358 ( [M- 

l]+, 0.22) 223 (19) 222 (100) 207 (5) 209 (6) 193 (3) 192 (20) 178 (5); [alo -120 (c-0.46, MeOH), [alo -8’ (-0.46, CHCl3); 

CD As (nm) 0 (298) 0.4 (282), 0 (248) -0.8 (241) 0 (232). 

(+)_CyctMtJehtne (6): C36H34N206; EtMS mf.z 590 (M+, 15) 575 (21). 385 (12) 384 (lo), 383 (13) 368 (2) 208 (37), 

207 (39) 206 (100) 178 (32); UV Imax (MeCH) 237, 280, 314,327 nm (lee E 4.79,3.91,3.46, 3.49); &nax (OH-, MeOH) 210, 

240,295, 232 nm; Imax (H+, MeOH) 226sh, 253, 281sh, 313,341sh nm; [a]0 +321° (~10.23, CHCl3), [a]D +2520 (c-0.23, 

MeCH); CD Ae (nm) 0 (310) -0.5 (286) 0 (270) +97 (241) 0 (232) negative tall h&w 225 nm. 

Stlluette 7: C38H38N206; EIMS m/z 618 (Mt. 5) 560 (0.7) 208 (l), 58 (100); UV lmax (MeCH) 221, 237, 294,328 nm 

(bg ~4.60,4.64,4.05,3.99); rb change tn base; h (H+, MeOH) 218,251,312,35Osh nm. 

Prtncbal NCE’s: H-5 to OMe6 (6) 0Me-6 to H5 (9) K5 to H-4 (2) H-t to H-5 (lo), H-4 to H-l (lo), H-l to H-t (2) H-l to H-10 

(4) H-10 to H-l (5), Ha to H-10 (3) H-10 to H-a (6) H-a to H-14 (5) H-14 to H-a (6) H-13 to OMe-12 (8) OMe-12 to H-13 (12), 

H-10 to H8’ (3) Hb’ to H-10 (5) H5’to CMe6’ (5) OMed to H-5 (lo), H-5 to H-4’ (4) H-4’ to KS (3) H8’to Ha’ (4) H-a’to H- 

8’(12), H-a’toH-lO’andH-14’(12),H-lO’andKlCtoHa’(4), H-ll’anct H-lgtoCH2C(3), CH2Oto H-ll’and H-13(16). 
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