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Abstract :  A straightforward synthesis of the brominated marine alkaloids arborescidine A (1), B (2) 
and C (3), starting from 6-bromo-(N-methyl) trypatamine is described. An equilibrium, under both basic 
and acidic conditions was found to exist between the trans- and cis-isomers 3 and 4. Spectral data 
indicated that the structure of isomer 4 does not correspond with the compound identified as arborescidine 
D recently isolated from the marine tunicate Pseudodistoma arborescens. © 1998 Elsevier Science Ltd. 
All rights reserved. 

I N T R O D U C T I O N  

Bromoindoles and derivatives are common secondary metabolites of marine organisms, possibly 

functioning in their chemical defense mechanism against parasites. Several alkaloids having either 6- 

bromotryptophan or 6-bromotryptamine as the basic unit have been isolated from a variety of marine 

invertebrates including sponges, coelenterates and tunicates. 1 The occurrence of 6-bromoindoles has been 

reported since 1909 when 6,6'-dibromoindigotine was identified. 2 6-Bromotryptamine itself has been found as a 

natural product in a number of marine organisms, e.g. in the tunicate Didemnum candidum 3 and also in 

Lissoclinum sp. 4 along with lissocline C, a brominated tetrahydro-~-carboline. Another group of well-known 

compounds possessing the brominated ~--carboline structure, some of them based upon 6-bromotryptamine, are 

the eudistomines which were isolated from a Caribbean tunicate (Eudistoma olivaceum). 

Br moH3 Br  NcH3 Br NOH3 
6 

1 2 3 4 

Recently 5 four new brominated alkaloids of the latter tetrahydro-~-carboline class were isolated from the 

marine tunicate Pseudodistoma arborescens and characterized as arborescidine A (1), B (2), C (3) and D (4). 6 

Our interest arose in view of our previous work on oxidized analogs of nazlinine (5), 7 an alkaloid obtained from 

Nitraria plant extracts. Oxidative deamination of the primary amine function, using both enzymic (DAO) and 

chemical methods, resulted in an aldehyde which cyelized spontaneously (Scheme 1). Depending on the 

availability of the [],--carboline-nitrogen atom, cyclization towards either an indoloquinolizidine 6 or an azepine 

ring system 8 occurred, starting from either nazlinine 5 or aromatized nazlinine 7. Since these two ring systems 
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are also present in the arborescidines, arborescidine A being an indoloquinolizidine and B, C and D being 

azepines, we decided to synthesize these new biosynthetically related natural products. 

H 2) H" ~ H N ~ I ~ N  NH 2 ~  ~N 
NH2 

5 6 7 8 

Scheme 1 

Another example of the application of this biosynthetical ring conversion is found in the synthesis of 

akagerine (10). The perhydroazepine ring coupled to a tetrahydro-13-carboline moiety by a N(1)/C(7) aminal 

bond, as present in arborescidine C (3) and D (4), is also part of the ring structure of akagerine (10). This 

alkaloid, isolated from Strychnos roots, 8 is thought to be linked biogenetically to dehydro-geissoschizine (9), an 

alkaloid that has the indoloquinolizidine structure. Transformation into the seven-membered ring could be 

achieved chemically by opening of ring D and cyclization of the aldehyde on the indole nitrogen atom. The first 

synthesis of akagerine (10) is based upon this interconversion and involves nucleophilic attack of the indole 

nitrogen on an activated carboxylic acid. 9 More examples of this azepine ring system are described in the 

synthesis of E-homoeburnane derivatives. 10 

HO,," 

H CO2CH3 10 H - ~  - 
O 

RESULTS AND DISCUSSION 

Our approach to the synthesis of the arborescidines started with the preparation of the 6-bromotryptamines 

15 and 16 (Scheme 2). This new route towards brominated tryptamine derivatives combines an existing 

synthesis of tryptamines I 1 and bromination of a suitable intermediate. 12 In order to brominate the indole moiety 

at the 6-position, reduction of the electron density in the 5-membered ring was a prerequisite and was effected v/a 

introduction of an tx-keto-amide at the 3-position. 13 Bromination of U and 12, employing elemental bromine in 

acetic acid gave a 1 : 1 mixture of the 5- and 6-bromo derivatives in good yield. 

It was reported that the reduction of 6-bromo-3-glyoxylamide, 14 prepared from 6-bromoindole, using 

LiAIH4 resulted in debromination. A wide variety of compounds, including glyoxylamides, can be reduced 

however employing borane-dimethylsulfide complex. 15 Compared to LiAIH4 reductions, those mediated by 

BHySMe2 are relatively slow. A dramatic increase in reaction rate could be achieved by distillation of 

dimethylsulfide from the reaction mixture. 15 Thus, reduction of the 5(6)-bromo glyoxylamides using 

BH3.SMe2, produced the corresponding ethylamines in varying yields (40-60%). Separation of the resulting 

mixture of regio-isomers after conversion into the respective carbamates was readily effected by chromatography, 
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to afford the desired 6-bromo isomers 13 and 14. Deprotection under acidic conditions gave the pure 6- 

bromotryptarnines 15 and 16 as their crystalline hydrochlorides. 

O 

2) BH3"SMe; Br Boc Br H 
H R 3) (Boc)20 H R H R 

4) separation 
11 R=H 13R=H 15R=H 
12 R = CH3 14 R = CH3 16 R = CH 3 

Scheme 2 

When longer reaction times were used in the borane-mediated reduction of the glyoxylamides several side 

products were observed, which explains the variation in yield. A separate experiment was performed in which 

the glyoxylamide 12 was reacted with BH3.SMe2 during two days (Scheme 3). Besides the expected N- 

methyltryptamine 17, two products could be isolated by chromatography: indoline lg and 2,3-dihydro-N- 

methyltryptamine 19. Hydroboration of the indole 2-3 double bond followed by oxidation of the intermediate 

borane, which is probably accomplished by air-oxygen, resulted in the formation of alcohol 18. Upon exposing 

the indoline 18 to hydrochloric acid, water-elimination occured and N-methyltryptamine 17 was formed. The 

low intensity of the molecular ion compared to that of the M-H20 fragment ion observed in the mass spectrum of 

18 illustrates this instability. Since under acidic conditions indoline lg is converted into tryptamine 17, the yield 

of the reduction of the brominated glyoxylamides could be improved by stirring the reaction mixture during the 

work-up procedure with hydrochloric acid for several minutes. 

H + 

HO 
BH3"SMe2 ~ 

12 • + + 
48h H H 

H CH3 H CH3 

17 (29%) 18 (36%) 

Scheme 3 

~ H  
H CH3 

19 (24%) 

With the required tryptamines in hand, the arborescidines could be synthesized straightforwardly 

employing the Pictet-Spengler condensation. 16 Reaction of 6-bromo-tryptamine hydrochloride 15 with glutaric 

aldehyde followed by one pot reduction of the resulting iminium salt with NaBI-I4 led to the immediate formation 

of (+)-arborescidine A (1) 17 in moderate yield (Scheme 4). 18 

o ~ j ~ o  

B r ~ ~ ~ N H 2  1) 
H " HCI 2) NaBH4 Br 

15 1 
Scheme 4 
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The approach used for the synthesis of arborescidines B (2), C (3) and D (4) is based upon our strategy 7 

previously described for azepine ring systems. The methyl substituent on the 13-carboline-nitrogen atom prevents 

cyclization to the indoloquinolizidine structure instead leading to formation of the seven-membered ring. Non- 

acidic aprotic Pictet-Spengler condensation of 6-bromo-N-methyltryptamine 16 with 5,5-diethoxypentanal 2,019 

in refluxing toluene yielded acetal 21 in good yield (Scheme 5). Performing the Pictet-Spengler reaction under 

neutral conditions was required because of the susceptibility of the protected aldehyde to decomposition. 

R I . ~ ~ ' ~ ' ~  H " R I ~ N C H  3 
lq CH3 E t O ~  

16 R ~=Br OEt 21 R l=Br 
17 RI=H 22 RI=H 

H+/H20 
B 

R I ~ C H 3  
p-TsOH 

i ,  

DMSO R I ~ N C H 3  

3 R l=Br, R 2=OH, R 3=H 2 R l=Br 
4 RI=Br, R2=H, R3=OH 25 RI=H 

23 RI=H, R2=OH, R3=H 
24 RI=H, R2=H, R3=OH 

Scheme 5 

Dcprotection of acetal 21 using aqueous TFA led to the simultaneous formation of the azepine ring 

structure as a mixture of the trans- (3) and cis-isomer (4) in an initial ratio of 3 : 4 = 4 : 1, as indicated by IH- 

NM_R spectroscopy. Prolonged reaction times (45 minutes) resulted in a thermodynamical equilibrium of 3 : 4 in 

a 10 : 1 ratio. The stereocbemistry of 3 resp. 4 was established using different NMR techniques. Especially the 

chemical shift of H3a is characteristic for both diastereomers (3.64 and 3.38 ppm resp.). The trans- and cis- 

relations between H3a and H7 could clearly be distinguished in the NOESY spectrum; only in case of the cis- 

isomer 4 a cross peak was observed. 

Isolation of the t rans- i somer  (+)-arborescidine C (3) 17 was readily effected by crystallization from 

methanol in good yield. To obtain the minor isomer (+)-arborescidine D (4) in pure form the reaction was only 

allowed to proceed for 15 minutes followed by crystallization from methanol. The spectral data of the synthesized 

4 however were not in accord with the literature values 5 reported for (-)-arborescidine D. Spectral data (IR, MS, 

1H and 13C NMR, IH-1H COSY, 1H-13C COSY, NOESY) confirmed the structure of compound 4. The major 

differences between arborescidine D and compound 4 are the proton shifts of H3a (3.13 resp. 3.38), H7 (5.65 

resp. 6.08), H8 (6.63 resp. 7.57) and the m/z peaks in the mass spectrum (2731275 resp. 2631265). The 

fragment ions of high intensity at m/z 263 and 265, as seen in 4, can be explained by benzylic/13-cleavage from 

the molecular ion, a known process for tetrahydro-l~-carbolines. 20 The compound isolated from the marine 

tunicate therefore probably has a structure different from the assigned 4. 
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The enamine (+)-arborescidine B (2) 17 was readily synthesized from (:l:)-arborescidine C 3 (Scheme 5) 

upon heating with 1 equivalent p-TsOH in DMSO (Scheme 7). Several other solvents (e.g. TI-IF and toluene) did 

not result in complete conversion due to lower boiling points or precipitation of the starting material as its p- 

TsOH salt. Preparation of the enamine (3) directly from the acetal (21) by heating under acidic non-protic 

conditions (TFA/toluene) gave the desired product, however together with several unidentified side products. 

Having synthesized arborescidine C (3) and its cis-isomer compound 4, which apparently has a structure 

different from the natural arborescidine D, attention was focussed on the stability of both isomers in relation with 

the methods used for isolation of the natural products. The debromo analogs, synthesized via the described route 

(Scheme 5) were used for these studies, because they are easily accessible. 

When either pure trans-(23) or cis-isomer (2,1) was subjected to aqueous TFA in both cases a 11 : 1 

mixture of 23 and 24 was obtained eventually (Scheme 6). An acid catalyzed equilibration presumably involves 

H20 elimination/ addition via the carbocation 29 resulting in a mixture predominantly consisting of the 

thermodynamically more stable trans-isomer. 

H+/H20 
22 

MeOH/ H+[ 
ErtOH/ H+ I 

MeOH/ H + 

NCH3 
R , , , , ~ / j " H  

H 

26 R = OMe 
27 R = OEt 

~ N C H 3  

° °lt 

~ N ~ N C H 3  
o .J 

H 

23 R 1 = O H ,  R 2 = H  
24 R 1 = H, R 2 = OH 

+ ~ C H 3  

Scheme 6 

Interestingly, ring closure of acetal 22 in the presence of methanol or ethanol instead of water, led to the 

isolation of (+)-O-methyl- and (+)-O-ethyldebromoarborescidine C 26 and 27 respectively. In contrast to the 

reaction with water resulting in alcohols 23 and 24, no cis-isomers were detected after reaction with methanol or 

ethanol. The same products, 26 and 27, could be obtained from reaction of (+)-debromo-arborescidine C (23) 

under the latter conditions. All these results indicate the intermediacy of carbocation 29 in the acidic equilibration 

between the cis- and trans-isomers. 

Applying basic conditions (DBU/THF) to pure 23 or 24 resulted in the formation of a mixture of 23 and 

24 in a comparable ratio. Apparently under basic conditions an equilibration takes place, involving ring opening/ 

ring closure v/a aldehyde 28, also in favor of the thermodynamically more stable trans-isomer. 

These results support the finding that the compound named arborescidine D isolated from the marine 

tunicate has a structure different from the assigned 4. Under acidic conditions such as extraction into a 1 M HCI 
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layer and chromatographic elution with EtOAc/2-butanone/HCOOH/H20, both used for isolation of the natural 

product, compound 4 as prepared by us is not stable. Equilibration to the trans-isomer (+)-arborescidine C (3) 

occurs immediately under both acidic and basic conditions as we have shown. Also the formation of 

arborescidine B (2) by water elimination from arborescidine C (3) cannot be excluded under these conditions. 

SUMMARY 

Three new brominated alkaloids, arborescidine A (1), B (2), and C (3), which were isolated from the 

marine tunicate Pseudodistoma arborescens, were synthesized in racemic form starting from 6-bromo-(N-methyl) 

tryptamine and suitably functionalized Cs-fragments. It was shown by synthesis of 4 that the fourth brominated 

alkaloid arborescidine D has a structure different from the assigned 4. Both under acidic and basic conditions 

(:t:)-arborescidine C (3) and 4 as well as their debromo-analogs reached a thermodynamical equilibrium in favor 

of the trans-isomers. 

E X P E R I M E N T A L  SECTION 

General  methods: see ref. 21- In all HRMS data only 79Br isotopes are quoted. 

2-[6-Bromo.lH.indol-3-yl]-N.tert-butyloxyearbonyl-ethanamine (13). To a solution of 2-(1H- 

indol-3-yl)-2-oxo-ethanamide (11) 14 (7.27 g, 39 mmol) in acetic acid (200 mL), bromine (2.05 mL, 6.4 g, 40 

mmol) was added dropwise at 15 °C. After 10 min of stirring the red solution turned cloudy and the mixture was 

stirred for another 30 min before transferring it to a 1L beaker. Water (500 mL) was added and the mixture was 

stirred thoroughly while the products precipitated as an off-white solid that was collected by filtration. After 

extensive washing with water, the solid was dissolved in ethyl acetate which was dried over Na2SO 4 and 

concentrated in vacuo, yielding a white solid (9.52 g, 36 mmol, 92%). According to 1H-NMR this consisted of a 

1:1 mixture of the 5-bromo- and 6-bromoisomers. The mixture was not separated, but used immediately in the 

next reaction. 

The mixture of amides (9.3 g, 35 mmol) was evaporated once from THF before it was dissolved in THF (100 

mL). The temperature was raised to 60 oC, then borane dimethylsulfide (10 mL of a 10.1 M solution in THF, 3 

eq.) was added dropwise. The mixture was refluxed for 2 h and after cooling to rt an excess aqueous hydrogen 

chloride was added. The solution was stirred for another hour and the solvent was removed. Saturated K2CO3- 

solution was added and the product was extracted three times with CH2C12. The combined organic layers were 

washed with brine, dried (Na2SO4) and concentrated in vacuo. This afforded a yellow syrup (5.9 g) which was 

not purified but immediately used for further reaction. 

The mixture of amines (5.9 g) was dissolved in CH2CI 2 (200 mL). A solution of (Boc)20 (7.8 g, 36 mmol) in 

CH2C12 (10 mL) was added and the mixture was stirred at rt for 30 min. Concentration in vacuo afforded a syrup 

which was subjected to flash chromatography (PE/EtOAc 75/25, O 8 cm, 300 g silica), yielding the 5-bromo 

isomer (3.04 g, 8.99 mmol, 25%) and the 6-bromo isomer 13 (2.24 g, 6.61 mmol, 19%) as colorless glasses. 

13: Rf (PE/EtOAc 50/50) 0.40; IH NMR (CDCI3) 5 8.64 (br s, 1H), 7.50 (s, IH), 7.43 (d, J = 8.6 Hz, 1H), 

7.18 (d, J = 8.6 Hz, IH), 6.92 (s, 3H), 4.72 (br s, 1H), 3.41 (m, 2H), 2.88 (m, 2H), 1.45 (s, 9H); 13C NMR 

(CDC13) 5 156.1, 137.1, 126.2, 122.6, 122.4, 119.9, 115.3, 114.1, 113.0, 79.3, 40.9, 28.3, 25.6; IR 
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(CHCI3) 3724, 3008, 2918, 1702, 1512 cm -1. 

The 5-bromo isomer of 13 was also characterized: Rf (PE/EtOAc 50/50) 0.35; IH NMR (CDCI3) ~ 8.48 (br s, 

1H), 7.70 (d, J = 1.7 Hz, 1H), 7.22 (m, 2H), 6.98 (s, IH), 4.67 (br s, IH), 3.48 (m, 2H), 2.88 (m, 2H), 1.44 

(s, 9H); 13C NMR (CDC13)~ 155.9, 134.9, 129.1, 124.7, 123.2, 121.2, 112.6, 112.5, 112.5,79.3, 40.9, 

28.3, 25.5; IR (CHCI3) 3743, 3323, 3012, 2932, 1703, 1510 cm -1. 

2 - [ 6 - B r o m o - l H - i n d o l - 3 . y l ] - N . m e t h y l - N - t e r t - b u t y l o x y c a r b o n y l - e t h a n a m i n e  (14). The procedure 

described for the synthesis of 13 was used starting with 2-(1H-indol-3-yl)-N-methyi-2-oxo-ethanamide (12)14 

(6.25 g, 31 mmol), yielding a white solid (7.84 g, 27.9 mmol, 90%) in a l: 1 ratio according to IH-NMR. 

The mixture of amides 14 (3.0 g, 10.7 mmol) was reduced using borane dimethylsulfide (15 mL of a 2.0 M 

solution in THF, 3 eq.) yielding a yellow syrup (1.5 g). To react the mixture of amines (1.5 g), (Boc)20 (2.38 

g, 11 mmol) was used. Flash chromatography (PEI EtOAc 751 25, O 6 cm, 250 g silica), afforded the 5-bromo 

isomer (0.96 g, 2.72 mmol, 25%) and the 6-bromo isomer 14 (0.83 g, 2.35 mmol, 22%) as colorless glasses. 

14: Rf (PE/EtOAc 50/50) 0.45; IH NMR (CDC13) ~ 8.38 (br s, 1H), 7.49 (d, J = 1.4 Hz, 1H), 7.46 (d, J = 

8.4 Hz, 1H), 7.20 (dd, J = 8.4 Hz, J = 1.4 Hz, 1H), 6.95 (s, 3H), 3.49 (m, 2H), 2.93 (m, 2H), 2.84 (s, 3H), 

1.38 (br s, 9H); 13C NMR (CDC13) ~ 155.7, 137.0, 126.3, 122.4, 119.8, 115.3, 114.0, 113.3, 79.2, 49.3, 

28.2, 27.9, 23.6; IR (KBr) 3687, 3618, 3019, 2400, 1684, 1521 cm -1. 

The 5-bromo isomer of 14 was also characterized: Rf (PE! EtOAc 50/50) 0.40; IH NMR (d6-DMSO) ~ 10.81 

(br s, IH), 7.49 (s, 1H), 7.10 (d, J = 8.6 Hz, 1H), 6.96 (m, 2H), 3.18 (m, 2H), 2.63 (m, 2H), 2.56 (s, 3H), 

1.10 (br s, 9H); 13C NMR (d6-DMSO)fi 154.9, 135.3, 129.5, 123.6, 120.8, 113.7, 111.5, l l l .3 ,  78.3, 49.1, 

28.4, 28.1, 23.5; IR (KBr) 3686, 3615, 3022, 2396, 1686, 1517 cm -l. 

2-[6-Bromo-lH-indoi-3-yl]-ethanamine hydrochioride (15.HCI). To a solution of the 13 (2.24 g, 

6.61 mmol) in ethanol (15 mL) an excess aqueous hydrogen chloride (25%) was added dropwise. The mixture 

was stirred at rt for 2 h and after removal of the solvent the residue was evaporated two more times from ethanol. 

The resulting solid was suspended in diethyi ether and stirred for 30 min. Filtration afforded 15.HC! (1.69 g, 

6.15 mmol, 93%): mp 214 - 216 °C; IH NMR (D20) ~ 7.49 (d, J = 1.7 Hz, 1H), 7.40 (d, J = 8.4 Hz, 1H), 

7.33 (dd, J = 1.8, J = 8.4 Hz, 1H), 7.29 (s, 1H), 3.30 (t, J = 7.0 Hz, 2H), 3.10 (t, J = 7.0 Hz, 2H); L3C NMR 

(D20) ~5 137.8, 130.1, 128.3, 127.3, 123.4, 116.3, 114.6, 111.5, 42.4, 25.5; IR (KBr) 3459, 2886, 1611, 

1480, 1458 cm-l; HRMS (EI) obs.mass 238.0112, calcd for C10H 11N2Br 238.0106. 

2 - [ 6 - B r o m o - l H - i n d o l - 3 - y i ] - N - m e t h y l e t h a n a m i n e  hyd roch lo r ide  (16.HCI). The procedure 

described for the synthesis of 15.HCl was used starting with 14 (0.83 g, 2.35 mmol) yielding 16"HC! (0.65 

g, 2.21 mmol, 94%): mp >240 *C (dec.); IH NMR (D20) ~5 7.71 (d, J = 1.6 Hz, IH), 7.56 (d, J -- 8.5 Hz, 

IH), 7.30 (m, 2H), 3.34 (t, J = 6.9 Hz, 2H), 3.17 (t, J =  6.9 Hz, 2H), 2.70 (s, 3H); 13C NMR (D20) fi 139.9, 

128.1, 127.7, 125.1, 122.4, 117.7, 117.4, 111.8, 51.9, 35.5, 24.7; IR (KBr) 3230, 3010, 1750, 1380 cm -1. 

HRMS (EI) obs.mass 252.0275, calcd for C 11H13N2Br 252.0262. 

Reduction of 12 with BH3-SMe2. The amide 12 (200 mg, 1.0 mmol) was evaporated once from THF 

before it was dissolved in THF (100 mL). The temperature was raised to 60 *C, then borane dimethylsulfide (10 

mL of a 10.1 M solution in THF, 3 eq.) was added dropwise. The mixture was refluxed for 48 h and after 
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cooling to rt an excess aqueous hydrogen chloride was added. The solution was stirred for another 5 min and the 

solvent was removed. Saturated K2CO3-solution was added and the product was extracted three times with 

CH2C12. The combined organic layers were washed with brine, dried (Na2SO4) and concentrated/n vacuo. This 

afforded a mixture of three compounds that could be separated using flash chromatography (CH2C12/MeOH/ 

coned NI-I4OH 90/ 10/1). The products, N-methyltryptamine 17 (50 mg, 0.29 retool, 29%), alcohol 18 (69 

nag, 0.36 mmol, 36%) and 2,3-dihydro-N-methyltryptamine 19 (42 rag, 0.24 retool, 24%), were isolated as 

oils. 19: Rf (CH2C12/MeOH/coned NH4OH 90/10/1) 0.30; IH NMR (CD3OD) 8 7.22 (d, J = 7.4 Hz, 1H), 

7.08 (t, J = 7.7 Hz, 1H), 6.75 (t, J = 7.4 Hz, 1H), 6.68 (d, J = 7.7 Hz, 1H), 3.47 (d, J = 10.2 Hz, 1H), 3.47 

(d, J = 10.2 Hz, 1H), 2.75-2.71 (m, 1H), 2.66-2.60 (m, 1H), 2.37 (s, 3H), 2.16-2.08 (m, IH), 2,00-1.93 (m, 

1H); 13C NMR (CD3OD) 8 152.3, 134.4, 130.1, 124.3, 119.7, 111.9, 81.2, 60.6, 48.2, 39.5, 35.9; IR (KBr) 

2914, 1675 cm-1; HRMS (FAB) obs.mass 193.1359, calcd for CI lHI6N20 (M + I) 193.1261; obs.mass 

175.1236, calcd for C l 1H14N 2 (M + 1 - H20) 175.1157; m/z (% tel. int.) 193 (31), 175 (100). 

(+)-Arborescidine A (1). To a solution of 15 (352 mg, 1.28 mmol) in water (250 mL), purged with N2, 

aqueous glutaric aldehyde (25%, 0.8 mL, 2.21 retool) was added at 0 °C over a period of 10 rain. After stirring 

for 1 h at 0 - 5 °C the reaction mixture was stirred at rt for 2 weeks under N 2 atmosphere. At 0 *C, aqueous 

ethanol (95%, 100mL) was added followed by NaBH 4 (5.5 g, 0.15 tool) in portions. The solution was stirred at 

0 "C for 1 h and then 8 h at rt. The reaction mixture was made alkaline by adding 6 M NaOH, extracted with 

CH2C12 and the organic layer was washed with brine and dried over Na2SO 4. Concentration afforded a syrup 

that was subjected to flash chromatography (EtOAc/NEt 3 951 5), yielding 1 (80 rag, 0.26 retool, 21%) as a 

yellow oil: Rf (EtOAc/NEt 3 95/5) 0.36; IH NMR (CDC13) 8 7.84 (bs, 1H), 7.41 (s, IH), 7.30 (d, J = 8.4 Hz, 

1H), 7.16 (d, J = 8.4 Hz, IH), 3.20 (br d, J = 10.5 Hz, 1H), 3.08 - 2.93 (m, 3H), 2.67 - 2.58 (m, 2H), 2.41 - 

2.35 (m, 1H), 2.08 - 2.03 (m, IH), 1.90 - 1.87 (m, 1H), 1.74 - 1.71(m, 2H), 1.61 - 1.45 (m, 2H); 13C NMR 

(CDC13) 8 136.6, 135.7, 126.3, 122.4, 119.2, 114.4, 113.6, 108.2, 59.9, 55.6, 53.3, 29.7, 25.6, 24.1, 21.3; 

IR (CHC13) 3402, 3166, 1621, 1584 cm-1; HRMS (FAB) obs.mass 305.0649, calcd for CI5HI7N2Br (M+I) 

305.0575; Anal. Calcd for CI5H17N2Br: C, 59.03; H, 5.61; N, 9.18; Br, 26.18. Found: C, 58.89; H, 5.58; N, 

9.06; Br, 25.90. 

5,5-Diethoxypentanal (20). A solution of aqueous glutaric aldehyde (50 wt%, 150 mL, 0.83 tool) in 

ethanol (99%, 1.6 L) was stirred with Dowex 50WX8 (H+-form, 2.0 g) for 2 days at rt. Solid NaHCO3 was 

added and after stirring for one hour the catalyst was removed by filtration. The resulting solution was 

concentrated in vacuo and the residue was destilled in vacuo from a small amount of NaHCO3 using a 30 cm 

vigreux. The first fraction consisted of a mixture of glutaric aldehyde and cyclic acetal. The product 20 was 

obtained (second fraction) as a colourless oil (13.7 g, 0.078 tool, 9.4 %). Bp 42 - 45 *C/0.6 mbar; IH NMR 

(CDC13) 21 8 9.76 (t, J = 1.4 Hz, IH), 4.48 (t, J = 5.2 Hz, 1H), 3.76 - 3.41 (m, 4H), 2.47 (dr, J = 1.4 Hz, J = 

7.0 Hz, 2H), 1.74 - 1.61 (m, 4H), 1.19 (t, J = 7.0 Hz, 6H); 13C NMR (CDC13)22 8 202.3, 102.5, 61.2, 43.5, 

32.9, 17.3, 15.3; IR (CHCI3) 1720 cm -I. 

7 -Bromo- l - (4 ,4 -d ie thoxybu ty l ) -2 ,3 ,4 ,9 - t e t r ahydro - lH-13-ca rbo l ine  (21). Extraction of 16 .HC!  

(830 mg, 2.88 mmol) with EtOAc from a saturated K2CO3 solution gave the free amine. A solution of the free 

amine 16 and 5,5-diethoxypentanal 20 (552 mg, 3.17 mmol, 1.1 eq.) in toluene (30 mL) was refluxed for 2 h. 



B. E. A. Burm et al. /Tetrahedron 54 (1998) 6135-6146 6143 

Because 5,5-diethoxypentanal 20 dimerizes, an extra portion (360 mg, 2.07 mmol, 0.7 eq.) was added after 1 h. 

Evaporation of the solvent and flash chromatography (PE/EtOAc/NEt 3 60/25/15)  afforded 21 (1.09 g, 2.67 

mmol, 93%) as a yellow oil: Rf (PE/EtOAc/NEt  3 60125/15) 0.31; 1H NMR (CDCi3) 8 8.11 (bs, IH), 7.44 

(d, J = 1.6 Hz, 1H), 7.32 (d, J = 8.3 Hz, 1H), 7.17 (dd, J = 1.7 Hz, J = 8.3 Hz, 1H), 4.50 (t, J = 5.5 Hz, 

1H), 3.69 - 3.60 (m, 2H), 3.54 - 3.45 (m, 3H), 3.18 - 3.13 (m, 1H), 2.82 - 2.67 (m, 3H), 2.46 (s, 3H), 1.94 - 

1.77 (m, 2H), 1.70- 1.65 (m, 2H), 1.63- 1.41 (m, 2H), 1.21 (t, J =  7.0 Hz, 3H), 1.20 (t, J =  7.1 Hz, 3H); 

13C NMR (CDCI3) 8 136.3, 135.5, 126.0, 122.3, 119.1, 114.5, 113.5, 108.2, 102.7, 61.2, 61.1, 59.6, 49.3, 

41.7, 33.1, 32.2, 20.5, 18.7, 15.3, 15.2; IR (CHCI3) 3469, 2978, 1457, 1125, 1054 cm-l; HRMS (El) 

obs.mass 408.1395, calcd for C20H29N202Br 408.1412. 

(+)-Arboreseidine C (3). To a solution of 21 (800 mg, 1.96 mmol) in THF (2 mL), aqueous TFA (15 mL 

10% v /v )  was added. The mixture was stirred for 45 rain at rt, made alkaline by adding saturated Na2CO 3 

solution and stirred for another 30 min. The product was extracted with ethyl acetate (3x). The combined organic 

layers were washed with water and brine, dried (Na2SO4) and evaporated. A mixture of (+)-arborescidine C (3) 

and its cis-isomer (4) (94%) in a ratio of 10 : I was obtained, according to 1H NMR. Crystallization from MeOH 

yielded 3 (478 rag, 1.43 mmol, 73%) as white crystals: Rf (EtOAc/EtOH/concd NH4OH 85/10/5)  0.55; mp 

172 - 173 *C; 1H NMR (CDCI 3) 8 7.46 (d, J = 1.5 Hz, 1H), 7.30 (d, J = 8.3 Hz, 1H), 7.18 (dd, J = 1.5 Hz, J 

= 8.3 Hz, IH), 6.14 (dd, J = 1.5 Hz, J = 4.7 Hz, 1H), 3.64 (d, J = 10.7 Hz, 1H), 3.05 - 3.01 (m, 1H), 2.75 - 

2.68 (m, 3H), 2.52 (s, 3H), 2.38 - 2.27 (m, 2H), 2.18 - 2.11 (m, IH), 1.87 - 1.82 (m, IH), 1.70 - 1.61 (m, 

1H), 1.51- 1.41 (m, IH); 13C NMR (CDCI3) ~ 138.1, 136.8, 125.5, 122.4, 119.3, 114.7, l l l . 5 ,  109.0, 

76.6, 61.4, 50.7, 42.7, 34.1, 32.4, 21.1, 20.0; IR (CHCI3) 3305, 2947, 2849, 1463 cm-1; HRMS (EI) 

obs.mass 334.0681, calcd for C16H19N2OBr 334.0681; m/z  (% tel. int.) 336 (100), 335 (61), 334 (94), 333 

(43), 291 (82), 265 (72), 263 (86). Anal. Calcd for CI6H19N2OBr: C, 57.32; H, 5.71; N, 8.36. Found: C, 

57.59; H, 5.70; N, 8.30. 

Isomer 4. The same procedure was used as described for 3 except that the reaction was stopped after 15 min. 

Stirring 21 (800 mg, 1.96 mmol) for 15 min gave a mixture of (+)-arborescidine C (3) and its cis- isomer (4) 

(548 mg, 1.64 mmol, 84%) in a ratio of 4 : 1, according to 1H NMR. After crystallization from MeOH 4 was 

obtained as white crystals: Rf (EtOAc/EtOH/concd NH4OH 85/10 /5)  0.47; mp 173 - 174 *C; IH NMR 

(CDCI 3) 8 7.57 (d, J = 1.5 Hz, 1H), 7.33 (d, J = 8.3 Hz, 1H), 7.23 (dd, J = 1.5 Hz, J = 8.3 Hz, IH), 6.08 (br 

d, J = 5.9 Hz, 1H), 3.38 (br d, J = 9.7 Hz, 1H), 3.18 - 3.14 (m, 1H), 2.97 - 2.88 (m, 1H), 2.76 - 2.62 (m, 

2H), 2.45 (s, 3H), 2.36 - 2.34 (m, IH), 2.20 - 2.09 (m, 3H), 1.85 - 1.80 (m, 2H); 13C NMR (CDCI3) 

137.5, 137.3, 125.6, 122.9, 119.4, 115.1, 112.3, 108.1, 77.1, 60.3, 52.9, 41.1, 29.5, 28.6, 20.1, 19.2; IR 

(CHC13) 3312, 2943, 2851, 1462 cm-l; HRMS (EI) obs.mass 334.0694, calcd for CI6H19N2OBr 334.0681; m/ 

z (% rel. int.) 336 (80), 335 (47), 334 (80), 333 (34), 291 (61), 265 (89), 263 (100). 

(:t:)-Arborescidine B (2). The same procedure was used as described for 25. Using 3 (124 mg, 0.37 mmol) 

and p-TsOH (73 rag, 0.38 mmol) yielded 2 (97 mg, 0.31 mmol, 83%) as a yellow oil: Rf (EtOAc/EtOH/concd 

NHnOH 85/10/5)  0.60; IH NMR (CDCI3) 8 7.47 (d, J = 1.5 Hz, 1H), 7.32 (d, J = 8.3 Hz, 1H), 7.22 (dd, J = 

1.5 Hz, J = 8.3 Hz, IH), 6.80 (dt, J = 1.9 Hz, J = 9.8 Hz, 1H), 5.12 - 5.07 (m, 1H), 3.39 (br d, J = 10.1 Hz, 

1H), 3.16 - 3.11 (m, 1H), 2.94 - 2.86 (m, 1H), 2.74 - 2.65 (m, 2H), 2.58 - 2.49 (m, IH), 2.54 (s, 3H), 2.45 - 
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2.32 (m, 2H), 1.91 - 1.82 (m, 1H); 13C NMR (CDCI3)8 137.7, 136.8, 125.7, 123.2, 121.5, 119.2, 115.2, 

112.3, 111.1, 109.2, 62.2, 52.5, 42.1, 29.7, 27.8, 20.4; IR (CHC13) 2914, 1675 cm-i; HRMS (FAB) 

obs.mass 317.0674, caicd for CI6H17N2Br (M+I) 317.0575. 

1-(4 ,4-Diethoxybutyi) -2 ,3 ,4 ,9- te t rahydro- lH-[ i -carbol ine  (22). A solution of N-methyltryptamine 

17 (2.69 g, 15.5 mmol) and 5,5-diethoxypentanal 20 (3.2 g, 18.4 mmol, 1.1 eq.) in toluene (100 mL) was 

refluxed for 2 h. Because 5,5-diethoxypentanal 20 dimerizes, an extra portion (830 mg, 4.77 mmol, 0.3 eq.) 

was added after I h. Evaporation of the solvent and flash chromatography (PE/EtOAe/NEt 3 60/25/15) afforded 

22 (4.95 g, 15.0 mmol, 97%) as a yellow oil: Rf (PE/EtOAe/NEt 3 60/25/15) 0.32; IH NMR (CDC13) 8 7.98 

(s, 1H), 7.50 - 7.48 (d, J = 7.6 Hz, 1H), 7.32 - 7.30 (d, J = 7.8 Hz, 1H), 7.16 - 7.07 (m, 2H), 4.51 (t, J = 5.5 

Hz, 1H), 3.66 (m, 2H), 3.50 (m, 3H), 3.20 - 3.15 (m, 1H), 2.83 - 2.71 (m, 3H), 2.47 (s, 3H), 1.96 - 1.43 

(m, 6H), 1.24- 1.19 (m, 6H); 13C NMR (CDCI3)8 135.9, 134.8, 127.2, 121.3, 119.2, 118.0, 110.7, 108.2, 

102.9, 61.2, 61.1, 59.8, 49.6, 41.9, 33.4, 32.6, 20.7, 18.9, 15.4, 15.3; 1R (CHCI3) 3473, 2975, 1455, 1126, 

1054 cm-l; HRMS (EI) obs.mass 330.2307, calcd for C20H30N202 330.2307. 

(±)-Debromoarborescidine C (23). The same procedure was used as described for 3. Reacting 22 (1.29 

g, 3.92 mmol) gave a mixture of (+)-debromo-arborescidine C (23) and its cis-isomer (24) in a ratio of 11 : 1, 

according to IH NMR. After crystallization from MeOH 23 (667 mg, 2.61 mmol, 66%) was obtained as white 

crystals: Rf (EtOAc/EtOH/coned NH4OH 85/10/5) 0.48; mp 146 - 147 °C; 1H NMR (CDC13) 8 7.45 (d, J = 

7.1, 1H), 7.23 (d, J = 8.0 Hz, 1H), 7.14 - 7.06 (m, 2H), 6.12 (d, J = 3.4 Hz, 1H), 3.57 (br d, J = 10.3 Hz, 

1H), 2.95 - 2.90 (m, 1H), 2.75 - 2.72 (m, 2H), 2.65 - 2.59 (m, 1H), 2.37 (s, 3H), 2.27 - 2.23 (m, 1H), 2.16 - 

2.03 (m, 2H), 1.75 - 1.70 (m, IH), 1.57 - 1.50 (m, 1H), 1.39 - 1.30 (m, IH); 13C NMR (CDC13) 8 137.5, 

136.1, 126.7, 121.2, 119.2, 118.2, 108.5, 108.4, 76.3, 61.1, 50.3, 42.5, 34.3, 31.8, 20.2, 20.2; IR (CHC13) 

3615, 3017, 2945, 1467 cm-1; HRMS (EI) obs.mass 256.1544, calcd for CI6H20N20 256.1576; Anal. Calcd 

for C16H20N20: C, 74.97; H, 7.86; N, 10.93. Found: C, 74.86; H, 7.87; N, 10.88. 

Debromo analog of isomer 4 (24). The same procedure was used as described for 4 Reacting 22 (1.29 g, 

3.92 mmol) gave a mixture of (+)-debromo-arborescidine C (23) and its cis-isomer (24) (0.97 g, 3.79 mmol, 

96%) in a ratio of 2.5 : 1, according to IH NMR. Subsequent crystallization from MeOH and EtOAc yielded the 

debromo analog of isomer 4 (24) as white crystals: Rf (EtOAc/EtOH/coned NH4OH 85/10/5) 0.29; mp 151 - 

152 *C; IH NMR (CDCI3) 8 7.48 (d, J = 7.7, 1H), 7.43 (d, J = 8.1 Hz, 1H), 7.20 (t, J = 7.2 Hz, 1H), 7.13 (t, 

J = 7.2 Hz, IH), 6.09 (d, J = 5.8 Hz, IH), 3.61 (br s, 1H), 3.28 (br d, J = 10.5 Hz, 1H), 3.15 - 3.11 (m, 1H), 

3.02 - 2.93 (m, IH), 2.73 - 2.67 (m, 2H), 2.35 (s, 3H), 2.30 - 2.24 (m, IH), 2.11 - 2.01 (m, 2H), 1.87 - 1.82 

(m, IH), 1.71 - 1.51 (m, 2H); 13C NMR (CDCI 3) 8 136.7, 136.5, 126.7, 121.6, 119.7, 118.1, 109.2, 107.9, 

77.3, 60.5, 53.2, 41.3, 29.5, 28.1, 20.4, 19.3; IR (CHCI3) 3315, 3009, 2944, 1469 cm-l; HRMS (EI) 

obs.mass 256.1572, calcd for C16H20N2 O 256.1576; Anal. Calcd for C16H20N20: C, 74.97; H, 7.86; N, 

10.93. Found: C, 74.86; H, 7.71; N, 10.95. 

(+)-O-Methyldebromoarborescidine C (26). A solution of 22 (155 mg, 0.61 mmol) in H2SO4/MeOH 

(10 mL 20% v/v) was stirred for 15 rain at ft. After addition of a saturated Na2CO 3 solution (10 mL) the product 

was extracted with ethyl acetate (3x). The combined organic layers were washed with water and brine, dried 
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(Na2SO4) and evaporated. Flash chromatography (PE/EtOAc/NEt3 70/15/15)  yielded 26 (149 mg, 0.55 

mmol, 91%) as a slowly crystallizing yellow oil. Alternatively the same reaction could be performed starting 

from 23 (138 mg, 0.42 mmol) in which case also 26 (89 rag, 0.33 mmol, 79%) was obtained: Rf (PE/EtOAc/ 

NEt3 70/15/15)  0.24; mp 73-75 °C; IH NMR (CDCI3) 6 7.49 (d, J = 7.7 Hz, 1H), 7.35 (d, J = 8.3 Hz, 1H), 

7.18 (dt, J = 1.1 Hz, J = 8.3 Hz, 1H), 7.10 (t, J = 7.7 Hz, IH), 5.69 (dd, J = 1.5 Hz, J = 4.6 Hz, IH), 3.59 

(dd, J = 1.1 Hz, J = 11.2 Hz, 1H), 3.12 - 3.07 (m, 1H), 3.05 (s, 3H), 2.82 - 2.79 (m, 2H), 2.77 - 2.71 (m, 

IH), 2.57 (s, 3H), 2.41 - 2.35 (m, 1H), 2.33 - 2.28 (m, 1H), 2.18 - 2.06 (m, IH), 1.90 - 1.80 (m, IH), 1.71 - 

1.63 (m, 1H), 1.54- 1.44 (m, 1H); 13C NMR (CDCI3) 8 137.6, 137.4, 126.5, 121.2, 119.2, 118.2, 108.7, 

108.4, 83.7, 61.5, 55.0, 51.0, 42.9, 33.8, 32.9, 20.9, 20.3; IR (CHC13) 3008, 2943, 1463 cm-l; HRMS (EI) 

obs.mass 270.1742, calcd for CI7H22N20 270.1732. 

(_+)-O-Ethyldebromoarborescidine C (27). A solution of 22 (122 mg, 0.37 mmol) in H2SO4/EtOH (10 

mL 20% v/v)  was stirred for 30 rain at rt. After addition of a saturated Na2CO 3 solution (10 mL) the product 

was extracted with ethyl acetate (3x). The combined organic layers were washed with water and brine, dried 

(MgSO4) and evaporated. Flash chromatography (CH2C12/MeOH 90/10) yielded 27 (95 mg, 0.33 mmol, 90%) 

as a slowly crystallizing yellow oil. Alternatively the same reaction could be performed starting from 23 (50 mg, 

0.20 mmol) in which case also 27 (42 mg, 0.15 mmol, 74%) was obtained: Rf (CH2C12/MeOH 90/10) 0.56; 

mp 78 - 79 °C; IH NMR (CDC13) ~ 7.52 (d, J = 7.7 Hz, IH), 7.36 (d, J = 8.2 Hz, 1H), 7.20 (t, J = 7.0 Hz, 

1H), 7.12 (t, J = 7.6 Hz, 1H), 5.82 (d, J = 3.2 Hz, IH), 3.65 (d, J = 10.1 Hz, IH), 3.37 - 3.29 (m, IH), 3.14 

- 3.04 (m, 2H), 2.84 - 2.73 (m, 3H), 2.59 (s,3H), 2.42 - 2.30 (m, 2H), 2.26 - 2.14 (m, IH), 1.89 - 1.82 (m, 

IH), 1 .73-  1.65 (m, 1H), 1.52 (dq, J =  13.1 Hz, J = 2.2 Hz, IH), 1.11 (t, J = 7.0 Hz, 3H); 13C NMR 

(CDC13) 8 137.8, 137.5, 126.5, 121.9, 119.2, 118.2, 108.6, 108.5, 82.1, 62.8, 61.7, 51.1, 43.1, 34.1, 33.2, 

21.1, 20.4, 14.9; IR (CHCI3) 2944, 2875, 1464 cm-1; HRMS (EI) obs.mass 284.1881, calcd for C18H24N20 

284.1889. 

(_)-Debromoarborescidine B (25). A solution of 23 (215 mg, 0.76 mmol) and p-TsOH (130 mg, 0.76 

retool) in DMSO (5 mL) was stirred at 120 °C during 3 h. After cooling to rt the reaction mixture was poured into 

an aqueous Na2CO 3 solution (50 mL I0%) and extracted three times with ether. The combined organic layers 

were washed with water (3x), dried (MgSO4) and evaporated. Flash chromatography (EtOAc/EtOH/coned 

NH4OH 85/10/5) yielded 25 (140 rag, 0.59 retool, 78%) as a white solid. Alternatively the same reaction could 

be performed starting from 27 (I 15 rag, 0.45 mmol) in which case also 25 (I00 rag, 0.42 retool, 94%) was 

obtained: Rf (EtOAc/EtOH/concd NH4OH 85/I0/5) 0.42; rnp 102 - 103 °C; IH NMR (CDCI3) ~ 7.49 (d, J = 

7.6 Hz, IH), 7.35 (d, J = 8.0 Hz, IH), 7.24 - 7.13 (m, 2H), 6.95 (dd, J = 9.8 Hz, J = 2.0 Hz, IH), 5.09 - 

5.05 (m, IH), 3.42 (br d, J = 10.3 Hz, IH), 3.16 - 3.13 (rn, IH), 2.97 - 2.91 (m, IH), 2.77 - 2.70 (m, 2H), 

2.60 - 2.52 (m, 4H), 2.46 - 2.43 (rn, 2H), 1.92 (m, IH); 13C NMR (CDCI3) 8 137.3, 136.2, 127.0, 122.0, 

121.8, 120.2, 118.2, 110.1, 109.3, I09.1, 62.8, 52.9, 42.5, 30.0, 28.0, 20.7; IR (CHCI3) 3006, 2909, 1674, 

1464 cm- I; HRMS (EI) obs.mass 238.1493, calcd for C 16H 18N2 238.1470. 
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