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f+J?qmr;& - Photocyclization of Z-chloroacetyl-1,2,3,4,5,6-hexahydro- 
-methanoazocino[4,3-b]indole (2) takes place at the indole ~-PO- 

sition to give a 1,2,3,4,5,6-hexahydro-2,ll-ethano-l,5-methanoazoci- 
no [4,3-b] indole system. Consequently, the method appears to be un- 
suitable for constructing the pyrrolidine ring of pentacyclic S0~ych- 
no4 indole alkaloids. 

Although the synthesis of indole alkaloids, especially those related to Coaynanthe, 

Abpidobpehma, and Iboga structural types, has received considerable attention du- 

ring recent years, a few synthetic routes to pentacyclic SttyChnOb indole alkaloids 

(tubifoline, condyfoline, condylocarpine, geissoschizoline, fluorocurarine. tubo- 

taiwine) have been developed to date. Most of these syntheses converge to the te- 

tracyclic ring skeleton of stemmadenine, which is further subjected to transanular 

cyclization by formation of the bond between the indole 3-position and one of the 

a-carbons of the piperidine ring. 2,3 

In the context of our studies directed to the synthesis of pentacyclic Sthych- 

nob indole alkaloids we planned to develop a new synthetic entry to these alkaloids 

consisting in the elaboration of the five membered E ring in the last synthetic 

steps from an appropriate tetracyclic 1,2,3,4,5,6-hexahydro-l,S-methanoazocino 

[4,3-b]indole system through introduction of a two-carbon unit on the piperidine 
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nitrogen atom followed by cyclization upon the indole 3-position. A conceptually 

similar route starting from a suitable octahydropyrido[3,2-clcarbazole system has 

successfully been employed for the synthesis of Abpidobpczma alkaloids (minovine, 4 

aspidospermidine, 5 kopsanone6) and related structuresS7 

TUBIFOLINE 
X: N,H 

0 

SClEllE 2 

Among the several possibilities for constructing the E ring following the abo- 

ve methodology we selected that based on the photocyclization of an appropriate 

chloroacetamide. Photocyclization of chloroacetamides upon activated aromatic rings 

is a well known process, 8 which has been applied to the synthesis of indole alka- 

loids (tubifoline and condyfoline 2c ) and simplified analogues such as 20-deethylca- 

tharanthine’ and the tetracyclic ring skeletons of ngouniensine, 10 stemmadenine, 11 

and quebrachamine-dihydrocleavamine. 12 

In order to evaluate the effectiveness of our proposal, since in a previous pa- 

per13 we had reported a convenient synthesis of the tetracyclic secondary amine 1 

(20-deethyl-4-demethyldasycarpidone’4), we chose this simplified model structure 

lacking the C-2014 two-carbon substituent characteristic of the majority of indole 

alkaloids as starting material. 

As we reported before, attempts to reduce the carbonyl group of l under Wolff- 

Kishner conditions were unsuccessful, 

was obtained as the only product. 15 
and 2,3-dihydro-l/f-pyrrolo[2,3-a]carbazole 

For this reason we turned our attention to li- 

thium aluminium hydride as a reducing agent for 2-acylindoles. 16 As expected, when 

ketone l was treated with an excess of lithium aluminium hydride in refluxingdioxa- 

ne, the tetracyclic amine & was obtained in 53% yield. The corresponding alcohol 2, 

identical to that obtained by sodium borohydride reduction of ketone 1, 17 and the 

tetrahydrocarbazole $, were obtained as by-products. 

2: XZH 

3_: xzon 

SCYEUE 3 

+ QLIqJ 
i 

Formation of tetrahydrocarbazole ,$ can be explained by considering the cleava- 

ge of the Cl-Nb bond of & a well known process in 3-aminomethylindoles, l8 followed 

by hydride addition to the resulting 3-alkylidene-3H-indole. 

The ‘H-NMR spectrum of compound Q showed, as the most significative signals, an 

apparent triplet at 64.4 corresponding to the C-l proton, as well as a doublet of 
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doublets at 63.1 and a doublet at 62.6 due to the pseudoaxial and pseudoequatorial 

protons of C-6 position, respectively. 

Treatment of amine & with chloroacetyl chloride under Schotten-Baumann condi- 

tions provided the chloroacetamide 2 in 65% yield as a mixture of rotamers due to 

restricted rotation of the chloroacetamide group. 
19 Both rotamers, E and 2, were 

easily assignable in the ‘U-NMR spectrum on the basis of the multiplicity and che- 

mical shift of signals corresponding to C-l, C-3, and diastereotopic methylene pro- 

tons of the chloroacetamide group. The observed chemical shifts are showed in the 

following scheme. 

2.74d H 

3.16 dd 

SClElE 4 

As would be expected, 20 equatorial C 

deshielded in that rotamer in which they 

group) whereas in the same situation the 

magnetic field. The relative integration 

1 and C-3 protons appear more strongly 

are located CiA respect with the carbonyl 

axial C-3 proton resonates at a higher 

of the apparent triplets due to C-l pro- 

ton in both rotamers, two signals that do not overlap with any other in the spec- 

trum, allows one to calculate a 78% population of rotamer 2, in which the bulkier 

substituent on amide nitrogen is located CiA with respect to the carbonyl group. 21 

As mentioned above, photocyclization of chloroacetamide 2 at the indole 3-posi- 

tion should afford the pentacyclic ring system of SthychnoA indole alkaloids. How- 

ever, when compound 2 was subjected to photolysis for 45 minutes in methanolic so- 

lution containing potassium carbonate, instead of the desired system, the pentacy- 

clic compound Q coming from photocyclization of chloroacetamide at the indole ~-PO- 

sition was isolated in 40% yield. As by-product, 2-acylindole 1 was isolated in 

SCICRE 5 
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108 yield. When the irradiation time was increased to 3 hours 20 minutes, the 

yields of pentacyclic compounds & and x were 28% and 34%, respectively. Under the- 

se conditions acetamide #, and alcohol 2 were also isolated as minor by-products 

(less than 6% yield). 

The molecular formula C 16H,6N20 was assigned to compound $, on the basis of its 

elemental analysis and mass spectral data (M*, 252). This clearly indicated that 

cyclization had occurred. However, the ‘H- and 13C-NMR spectra established that 

indole 4-position, instead of 3-position, was the site of photocyclization. Thus, 

the most significant signals in the 1 H-NMR spectrum of 4 were: i) two doublets and 

one triplet in the aromatic region, corresponding to three protons in a vicinal re- 

lative position. This splitting pattern and coupling constants, along with the ob- 

servation that 4-position is the only one of indole benzene ring available for cy- 

clization, pointed out the structure Q for this photocyclized product. ii) An appa- 

rent triplet at 65.24 due to the methine proton between the aromatic ring and the 

nitrogen amide. This chemical shift, identical to that of the same proton in the 

E rotamer of the starting chloroacetamide ,$, confirmed that cyclization had not 

occurred on the indole 3-position; a higher field shift would be expected for C-l 

proton in this case as a consequence of the sp3 character of indolenine 3-position. 

iii) A prominent AB-pattern corresponding to the diastereotopic methylene protons 

adjacent to the carbonyl group (63.48 and 4.78, J=14 Hz). The 13C-NMR spectrum of 

Q was in agreement with the proposed structure (see Scheme 6). The most signifi- 

cant datum was the presence of eight signals in the aromatic region, only three of 

them appearing as doublets in the off-resonance decoupled spectrum. 

The fact that cyclization had proceeded on the indole 4-position would not be 

surprising, for though the indole 3-position is the one of highest reactivity to- 

wards chloroacetamide photocyclization, it has been demonstrated that the 4-posi- 

tion also possesses a high degree of reactivity. 22 In this context, it is worth 

commenting that the first example of chloroacetamide photocyclization upon an in- 

dole ring was that of chloroacetamide derived from tryptophan, and this cycliza- 

tion took place at the indole 4-position to give an 8-membered lactam. 23 

On the basis of its mass spectrum (M+, 266) and elemental analysis, the mole- 

cular formula C,6 ,4 2 2 H N 0 was assigned to compound 1. This revealed that an oxida- 

tion with respect to compound Q had occurred. Also, the IR spectrum of 1 showed 

carbonyl absorptions at 1660 and 1615 cm -1 , indicative of a medium sized lactam 

and a 2-acylindole, respectively. These data, along with 
1 H- and l3 C-NMR spectra, 

pointed out that the site of oxidation was the methylene contiguous to the indole 

nucleus. The most significant signals in the 1 H-NMR spectrum were: i) two doublets 

and a triplet in the aromatic region at a field lower than in compound Q, which 

is in agreement with the presence of an electron-withdrawing substituent attached 

to the indole ring; ii) a doublet at 65.44 corresponding to the C-l methine pro- 

ton; iii) an AB system due to the diastereotopic methylene protons adjacent to the 
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amide carbonyl group. Finally, 
13 

the assignment of structure t was confirmed by the 

C-NMR data (see Scheme 6) : i) two signals, at 6172.2 and 196.2, due to amide 

and 2-acylindole carbonyl carbons, respectively; ii) three signals in the aromatic 

region appearing as doublets in the off-resonance spectrum; iii) six signals in 

the aliphatic region, corresponding to piperidine ring and benzylic methylene car- 

bons. 

The photooxidation of 2,3-dialkylindoles to the corresponding 2-acylindoles 

through 3-hydroperoxyindolenines as intermediates is a well known process. 24 In 

our experiments, though the irradiations were carried out under nitrogen, the pre- 

sence of oxygen traces in the reaction medium cannot be absolutely excluded. 

The structural assignment of minor product 9, was made from its spectroscopic 

data. The mass spectrum showed a molecular ion at m/e 298, 32 mass units more than 

in compound ,7, and a base peak at m/e 267 corresponding to a loss of 31 mass units 

(CH2OH) from the molecular ion. These data suggested a molecular formula C,7H,8N203 

as well as the presence of an hydroxymethyl group. The ‘H-NMR spectrum exhibited, 

as in compounds Q and 1, two doublets and a triplet in the aromatic region, and an 

AB system due to the diastereotopic methylene protons adjacent to amide carbonyl 

group. Although these data pointed out that cyclization had also taken place at 

the indole 4-position, the chemical shift (64.50) of the equatorial C-l methine 

proton, at a field higher than in compounds Q and ,7, indicated the sp3 character 

of the adjacent C-llb and therefore the presence of an indoline ring. The observa- 

tion of a second AB system, at 63.38 and 3.58, attributable to the diastereotopic 

methylene protons of the hydroxymethyl group is in agreement with the structure 9,. 

The l3 C-NMR chemical shifts of ,$ are given in the Scheme 7. The multiplicities in 

the off-resonance decoupled spectrum gave valuable information and confirmed the 

proposed structure: i) three doublets in the aromatic region; ii) a singlet at 

653.25 due to the quaternary carbon atom of the indoline 3-position, 25 which esta- 

blishes that the addition of the hydroxymethyl group had occurred at this point; 

iii) three doublets in the aliphatic region, one more than in compounds & and x, 

corresponding to methine of the indoline 2-position (C-6a) and bridgehead C-l and 

C-5 positions; iv) signals due to five methylene carbons, one of them (669.22) 

attributable to that of hydroxymethyl substituent. 

scuat 1 

The formation of 2 can be accounted for by considering the conjugate photoaddi- 

tion of methanol, solvent of reaction, upon the a,B-unsaturated ketone moiety of 

X9 a process which has been observed previously. 26 

The acetyl derivative I comes from dechlorination of the chloroacetyl group of 

compound 2. The reductive photodehalogenation of chloroacetamides is a well known 

process that involves an hydrogen abstraction from solvent. 27 Acetamide t was cha- 
racterized by comparison with a sample unambiguously prepared by reaction of tetra- 

cyclic amine 5 with acethyl chloride. The most significant signals in the ‘H-NMR 
spectrum of 8 were two singlets (62.00 and 2.42) attributable to the acetamide me- 
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thy1 group and two apparent triplets (65.20 and 6.16)due to the C-l methine pro- 

ton. The splitting of these signals indicated again the presence of rotamers. 

In order to verify that oxidation of C-6 occurred after cyclization, chloroa= 

cetamide M was subjected to photocyclization conditions. It should be noted that, 

to our knowlwdge, there are no precedents of chloroacetamide photocyclizations on 

2-acylindoles. Chloroacetamide IQ was prepared in excellent yield from aminoketone 

& by reaction with chloroacetyl chloride. Its 
1 

H-NMR spectrum also revealed the 

presence of rotamers, 93% of the 2 rotational isomer being inferred from the rela- 

tive integration of two apparent triplets due to C-l methine proton. However, pho- 

tolysis of chloroacetamide LQ under conditions similar to those used for compound 

2 provided acetamide ,&I in about 20% yield as the only isolable product. This re- 

sult clearly establishes that oxidation takes place after cyclization of 2 and is 

in agreement with the observed increase in the proportion of x when the irradiation 

time of chloroacetamide Q was prolonged. Acetamide u was identical (m.p., IR, NMR) 

to that prepared unambiguously by acetylation of amine 1. 

SCHEME 0 

The different behavior of chloroacetamides Q and LQ under photolysis conditions 

probably reflects the deactivation towards photocyclization caused by the carbonyl 

group conjugated with the indole ring. Another factor that could explain the diffe- 

rent reactivity of both chloroacetamides is that the ratio of rotamer E, having the 

required steric relationship for cyclization, in JQ is smaller than in A. 
21 

The results here reported make evident that photocyclization of Z-chloroacetyl- 

1,2,3,4,5,6-hexahydro-l,S-methanoazocino[4,3-b]indole derivatives does not consti- 

tute a valid method for constructing the five-membered E ring of pentacyclic S0tych- 

nob indole alkaloids. Some factors could account for this failure: a) It is known 

that photocyclization of chloroacetamides on an aromatic nucleus is a good method 

of forming medium sized rings. 
8C 

In fact, compound Q has a seven membered lactam, 

while photocyclization of 2 at an indole S-position to give a pentacyclic Sthych- 

nob structure would imply closure of a five membered ring. b) As can be inferred 

from Dreiding stereomodels, in the boat piperidine conformation, that required for 

cyclization, the chloroacetyl group lies nearer to indole 4-position than to the 

indole S-position. c) Finally, formation of pentacyclic St&ychnob structures by 

photolysis of chloroacetamide 5 would imply the attack of the radical coming from 

chloroacetyl group upon a substituted indole 3-position, a process that to our 

knowledge has not been previously recorded. 
28 In this context, it is worth commen- 

ting that the failure to obtain a pentacyclic Abpidobpetma structure by chloroace- 

tamide photocyclization on the substituted indole 3-position of an appropriate OC- 

tahydropyrido[3,2-clcarbazole system has recently been reported.Sb 
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EXPERIMENTAL 

Gene&&. ’ H-NMR spectra were recorded with a Varian XL-200 (200 MHz) instrument 
Or. where indicated. 
ternal standart.‘> 

on a Perkin-Elmer R-24B (60 MHz) spectrometer using TMS as in- 
CINMR spectra were determined on a.Vatian XL-200 spectrometer in 

CDCl -CD OD solution, 
field (Sf from TMS. 

unless indicated. Chemical shifts are reported in ppm down- 
IR spectra were taken with a Perkin-Elmer 1430 spectrophotome- 

ter, and only noteworthy absorptions (reciprocal centimeters) are listed. Mass spec- 
tra were obtained with a MS9-ZAB mass spectrometer. Melting points were determined 
with a Biichi capillary melting point apparatus and are uncorrected. Thin layer chro- 
matography were done with Merck silica gel 60 F 

6% 
aluminium pre-coated sheets. Rou 

tine column chromatographic purification of corn nds was conducted using Merck si- 
lica gel 60 (catalog No. 7734) or Merck neutral aluminiumoxid 90 (aktiv I) (catalog 
SO. 1077). Iodoplatinate reagent was used to locate the reaction components. Prior 
to concentration under reduced pressure, all organic extracts were dried over anhy- 
drous sodium sulfate powder. Microanalyses were performed by the Instituto de Quimi- 
ca Bio-Orgsnica, Barcelona. 

1,2,3,4,5-Hexahydho-1,5-tne~hanoazocino~4,3-b indoec 
aluminium hydride (4.2 g, a 

(I). An excess of lithium 
110 mmoll was slowly a ded under nitrogen to a solu;kion of 

11” (2.5 g,*ll mmoi) in-anhydrous dioxane (206 ml). After 17 h o? refluxing,“ the 
mixture was cooled in an ice bath and the excess of lithium aluminium hydride was 
decomposed with 8 ml of water. The dioxane solution was decanted and the aluminium 
salts were digested with chloroform (3x100 ml). The chloroform and dioxane solutions 
were combined, dried, and evaporated to give a pale yellow foam (2.4 g) which was 
chromatoeraphed throuah silica eel. On continuous elution with 70:30:5 ether-aceto- 
ne-diethylamine, comp&nd alrohol 2, and tetrahydrocarbazole 4 were isolated in 
the following order: i) Z- i-aminoethyetl,2,3,4-tetzahyd~o~=~~=z~~~ (4): 0.52 g (22% 
yield) ; NMR (60 !1Hz, CDC13) 1.0-2.9 (complex signal, 13H, aliphatic azd NH2); 6.7- 
7.5 (m, 4H, indole); 8.1 (br s, lH, indole NH); IR (NaCl) 3470 (indole NH), 3120- 
3440 (NH2). The picrate melted at 196-198’C (absolute ethanol). (Found: C,54.26; H, 
4.56; N,l5.79. Calcd. for C2OH lN507: 
yield) ; NMR (CDCl?) 1.50-2.74 f 

C,54.18; H,4.77; x,15.79). ii) 4: 1.20 g (53% 
complex signal. 8H. alicyclic and NH); 2.60 (d, J=18 

Hz, 111, H-6eq); 3TiO (dd, J=18, 7Hi, lH, C-6ax); 4.44 (gpparent t, iH, H-1); i.OO- 
7.76 (m, 4H, indole); 8.10 (br s, lH, indole NH); IR (CHC13) 3480 (indole NH); 13C- 
NMR (CDC13) 25.57 (d, C-5); 28.70 (t, C-6); 32.02 (t, C-12); 32.19 (t, C-4); 36.83 
(t, C-3); 44.38 (d, C-l); 108.38 (s, C-llb); 110.57 (d, C-8); 116.92 (d, C-11); 
119.06 (d, C-9); 120.77 (d, C-10); 125.65 (s, C-lla); 135.97 (s, C-6a); 136.56 (s, 
C-7aI. The Dicrate melted at 201-202°C [absolute ethanoi’l. [Found: C.54.78: H.4.31: 
N,l5:53. Caicd. for C2OHl9N507: C,54.42; H,4.34; N,l5.86j. iii) 6-Hy&oxy-i,Z;3,4,j, 
6-hexahyd~o-1,5-methanoazocino[4,3-b~indo~e (I): 0.37 g (15% yield). A sample re- 
crystallized from absolute methanol melted at 225-227°C; NMR (60 MHz, DMSO-d6) 1.4- 
2.5 (complex signal, 7H, alicyclic); 3.8 (br s, ZH, NH and OH); 4.1 (apparent t, lH, 
H-l); 4.9 (d, lH, J=6 Hz, H-6); 6.7-7.5 (m, 4H, indole); 11.3 (br s, lH, indole NH); 
IR (KBr) 3400 (indole NH), 3000-3600 (OH and NH); MS, m/e (relative intensity) 228 
(M+, 27) ,211 (13) ,181 (26) ,180(27) ,168(54) ,167(100) ,158(15) ,156(14) ,143(21) ,130(21), 
117(12),115(12),91(8),89(9). (Found: C,73.41; H,7.19; N,l2.08. Calcd. for Cl4Hl6N20: 
C,73.66; H,7.06; N,l2.27). 

When the excess of lithium aluminium hydride was decomposed with ethyl acetate 
instead of water, Z-ethy~-1,2,3,4,5,6-hexahyd~o-l,5-methanouzoc~no[4,3-b]~~do~e was 
also isolated from the reaction mixture.3O NMR (60 MHz, CDC13) 1.1 (t, 3H, CH3); 
1.3-3.3 (complex signal, llH, aliphatic); 4.1 (apparent t, lH, H-l); 6.7-7.5 (m, 41~. 
indole) ; 8.5 (br s, lH, NH); IR (KBr) 3400 (NH). The hydrochloride melted at 232- 
235’C (acetone). (Found: C,69.22; H,7.64; x,9.98; C1,13.12. Calcd. for Cl6H2lCIN2: 
C,69.43; H,7.65; N,l0.12; C1,12.81). 

2-Ch~o~oacety~-1,2,3,4,5,6-hexuhydho-1,5-me~~anouzoc~no 4,3-blindate 
lution of chloroacetyl chloride (0.3 ml, F 

( ). A so- 
3.7 mmol) in methy ene chloride ? ( 0 ml) was 

added dropwise under nitrogen to a stirred two phase mixture of amine 7 (400 mg, 1.9 
mmol) in methylene chloride (20 ml) and 1N aqueous sodium hydroxide solution (14 ml) 
The resulting mixture was stirred for 5 h at room temperature and the organic layer 
was separated. The aqueous layer was extracted with methylene chloride (3x100 ml). 
The combined organic solutions were washed with brine, dried, and evaporated to gi- 
ve a solid residue which was chromatographed through alumina. On elution with 4:6 
benzene-chloroform, pure chloroacetamide 2 was obtained (350 mg, 65% yield). A sam- 
ple recrystallized from anhydrous acetone melted at 178-179'C; NMR (CDC13-CD30D) 
1.60-2.40 (m, 4H, H-4 and H-12); 2.52 (m, lH, H-S); 
H- 6eq) ; 

2.74 and 2.76 (Zd, J=17Hz, lH, 
2.66 and 3.06 (2td, J=l4, 4Hz, lH, H-3ax); 3.16 (dd, J=l7, 7Hz, lH, H-6ax); 

3.42 and 4.24 (2dd, J=l4, 6Hz, lH, H-3eq); 
C1CH~CO) ; 

3.94 and 4.02 (2d, J=12Hz, Z rotamer, 
4.30 and 4.25 (2d, J=l2Hz, E rotamer, ClCH2CO); 

t, lH, H-l); 7.00-7.20 (m, 
5.24 and 6.06 (2 apparent 

lH, H-11); 
ZH, H-9 and H-10); 7.30 (d, J=8 Hz, H-8); 7.54 (d, J=8Hz, 

IR (CHCl ) 3470 (NH), 1620 (C=O). (Found: 
for C16H17C1N20: C, 2 

C,66.92; H,5.96; N.9.88. Calcd. 
6.55; H,5.93; N,9.70). 

Photolybib 04 cheonoacetamide 2. 
mmol) in methanol (300 ml) 

A solution of chloroacetamide 2 (950 mg, 3.3 
containing potassium carbonate (1 g, 7.2 mmol) was irra- 

diated under nitrogen at room temperature for 3 h 20 min using a 125W medium-pressu- 
re mercury lamp in a quartz immersion well reactor. The reaction mixture was evapo- 
rated to dryness and the residue was repeatedly chromatographed through silica gel: 
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i) On elution with 8:2 benzene-chloroform, 
no- 1,5-methanoazocinol4,3-b]indok?e (Q) 

13-oxo-1,2,3,4,5,6-hexa~~d~o-Z,~~-e~~a- 
was obtained in 28% yield. A sample recrys- 

tallized from absolute methanol melted at 283-285’C; UV(EtOH):Xmax 269(1ogE=3.78) 
nm; NMR (CDCl -CD30D) 0.93 (tt, J=14, SHz, lH, H-4ax); 1.88-2.04 (m, lH, H-4eq); 
2.02 (dd, ,=,a, 3.5Hz lH, H-14eq); 

ZH, H-5eq and’H-14ax); 
2.36 (d, J=14Hz, lH, H-6eq); 2.32-2.64 (complex 

signal, 2.86y2.98 (m, lH, H-6ax); 2.94 (td, J=l4, 4Hz, lH, 
H- 3ax) ; 3.48 and 4.78 (2d, J=l4Hz, 2H, H-12); 3.88 (ddd, J=14, 5, 2Hz, lH, H-3eq); 
5.24 (t, J=3.5Hz, lH, H-l); 6.78 (d, J=8Hz, lH, H-10); 6.96 (t, J=8Hz, lH, H-9); 
7.10 (d, J=8Hz, lH, H-8); IR (KBr) 3120-3300 (NH), 
tensity) 253 (M++l, 14),252(M+, 

1620 (C-O); MS, m/e (relative in- 
100),251(14),223(20),195(17),194(16),183(20),182 

(50),181(51),180(82),169(21),168(39),167(52),166(20),154(53),152(23),127(21),115 
(24),77(16),63(15),56(40). (Found: C,76.07; H,6.68; N,l1.02. Calcd. for Cl6Hl6N20: 
C,76.16; H,6.39; N,ll.lO). ii) On elution with 9:l benzene-chloroform? Z-acetye-1, 
2,3,4,5,6-hexahyd~o-l,S-methanouzoc~no[4,3-b]~ndo~e @) was obtained in less than 
5% yield. Its spectroscopic data were coincident with those of compound prepared by 
acetylat ion of amine with acetyl chloride. iii) On elution with 96:4 chloroform- 
methanol, 6,13-dioro- + ,2,3,4,5,6-hexahyd~o-2,11-ethano-1,5-mct~~noazoc~no~4,3-b]~n- 
doLe (x) was isolated in 34% yield. A sample recrystallized from absolute methanol 
melted higher than 32OSC; UV(EtOH):Amax 323(1ogc=3.70).289(1oga=3.74),28l(log~=3.75) 
nm; NMR (CDC13-CD30D) 1.68-1.88 (m, lH, H-4eq); 1.90-2.08 (m, lH, H-4ax); 2.45 (dtd, 
J=12, 4.5, 2Hz, lH, H-14eq); 2.82 (d, J=12Hz, lH, H-14ax); 3.48 and 4.80 (2d, J=lS 
Hz, 2H, H-12); 3.50-3.62 (complex signal, 2H, H-5eq and H-3ax); 4.30 (ddd, J=l4, 7, 
2Hz, lH, H-3eq) ; 5.44 (d, J=4.SHz, lH, H-l); 7.02 (dt, J=7, lHz, lH, H-10); 7.18 
(dt, J=9, lHz, lH, H-8); 7.36 (dd, J=9, 7Hz, lH, H-9); IR (KBr) 3320-3600 (NH), 1660 
(C=O lactam), 1615 (C=O acylindole); MS, m/e (relative intensity)267(M++1,19),266 
(M+,100),238(19),237(71),211(17),210(79),209(36). (Found: C,67.33; H,5.65; N.9.74. 
Calcd. for Cl6Hl4Ni02.H20: C,67.53; H.5.62, N,9.84). iv) Finally, on elution with 
9:l chloroform-met anol, 

was isolated in 6% yield, m.p. 275- 
28O’C; UV(EtOH):Amax 274(logc3.17)nm; NMR 1 .04-l .34 (m, lH, H-4ax); 

plex signal, 3H, H-3ax, H-6a and H-Seq); 3.20 and 3.42 (2d, J=13Hz, 2H, H-12); 
3.48 and 3.58 (Zd, J=llHz, 2H, CH OH); 3.56 (dd, J=l3, 6.5Hz, lH, H-3eq); 4.5 (d, 
J=4Hz, lH, H-l); 6.76 (d, J=8Hz, ?H, H-10); 6.94 (d, J=8Hz, lH, H-8); 7.12 (t, J= 
8Hz, lH, H-9); IR (CHC13) 3300-3450 (NH and OH), 
MS, m/e (relative intensity) : 299(M++l, 

1630-1700 (C=O lactam and C=O); 
8) ,298(%1+,35),268(26) ,267(100) ,239(35) ,170 

(18),115(18),83(15),82(18),55(15). 

2-Acety~-1,2,3,4,5,6-hexa~~d~o-1,5-methanoazoc~no[4,3-b]~ndo~e (&). Operaring 
as in the case of chloroacetamide 
from amine 

.% 
(200 mg. 0.9 mmol) 

acetamide @, (173 mg, 72% yield) was obtained 
an P acetyl chloride (0.15 ml, 1.9 mmol) in methy- 

lene chlorl e (21 ml) and 1N aqueous sodium hydroxide solution (5 ml). A sample 
recrystallized from anhydrous acetone melted at 195-197'C; NMR (CDC13-CD OD) 1.56- 
2.16 (m, 4H, H-4 and H-12); 2.00 and 2.42 (2s, 3H, CH3CO); 2.50 (m, lH, a-5); 2.71 
and 2.73 (2d, lH, H-6eq); 2.61 and 3.03 (2td, J=14.5, 4Hz, lH, H-3ax); 3.16 (dd, 
J=17. 7Hz. 1H. Ii-6ax); 3.42 and 4.36 (2dd. J=l3.5. S.SHz, 1H. H-3es); 5.20 and 6.16 
2 appareni t,.lH, H-ij; 7.00-7.42 (m,‘3H,.indole)i 7.60 id, iH, H-ii); 8.22 and 
8.38 (2br s, lH, NH); IR (KBr) 3120-3300 (NH), 1610 (C=O). (Found: C,75.86; H.7.23; 
N,11.17. Calcd. for Cl6Hl8N20: C,75.56; H,7.13; N,ll.Ol). 

2-Ch~o~oacety~-6-oxo-1,2,3,4,5,6-hexahyd~~-l,5-me~hanoazoc~no[4,3-b~~ndo~e (Q). 
To a solution of amine l (500 mg, 2.2 mmol) in chloroform (25 ml) containing po- 
tassium carbonate (700 mg) a solution of chloroacetyl chloride (0.23 ml, 3.3 mmol) 
in chloroform (10 ml) was added dropwise. The mixture was stirred at room tempera- 
ture for 1 h 30 min. After addition of water (10 ml), stirring was maintained for 
20 min. The chloroform layer was collected and the aqueous phase was extracted 
with chloroform (3x50 ml). The combined organic extracts were washed with brine, 
dried, and evaporated to give a solid which was chromatographed through silica gel. 
On elution with 2:8 benzene-chloroform, pure # (640 mg, 95% yield) was obtained. 
A sample recrystallized from anhydrous acetone melted at 193-195'C; NMR (CDC13- 
CD30D) 1.96-2.44 (m, 3H, H-4 and H-12ax); 2.60 (dc, lH, J=13, 6, 3Hz, lH, H-12eq); 
2.95 (m, lH, H-Seq); 2.70 and 3.14 (Ztd, J=l4, 4.5Hz,lH, H-3ax); 3.62 and 4.44 
(2dd, J=14, SHz, lH, H-3eq); 4.02 and 4.06 (Zd, J=l2Hz, Z rotamer, ClCH2CO); 4.34 
and 4.54 (2d, J=l2Hz, E rotamer, ClCHzCO); 5.50 and 6.34 (2 apparent t, lH, H-l); 
7.20 (t, J=BHz, lH, H-10); 7.36-7.54 (m, 2H, H-8 and H-9); 7.86 (d, J=8Hz. lH, 
H-11); 9.31 and 9.54 (2br s, lH, NH); IR (KBr) 3150-3500 (NH), 1610-1680 (C=O ami- 
de and 2-acylindole); 13C-NMR (CDC13) 29.16 (t, C-4); 34.97 (t, ClCH2); 39.26 (t, 
C-12); 41.29 (d, C-S); 41.39 (t, C-3); 41.76 (d, C-l); 112.85 (d, C-8); 121.51 (d, 
C-11); 122.40 (d, C-10); 124.33 (s, C-llb); 124.94 (s, C-lla); 127.77 (d, C-9); 
133.24 (s, C-6a); 138.43 (s, C-7a); 165.65 (s, NCO); 192.60 (s, C-6). (Found: C, 
63.27; H,5.47; C1,11.03; N,8.08. Calcd. for C16H15C1N202.1/2C3H60: C,63.35; H,5.46; 
C1,10.68; N,8.44). 

Pho.toL?ybib 06 chlokoacetamide ,jR. Irradiations of chloroacetamide 
9 

were ca- 
rried out in the same conditions that in the case of 

% 
using methanol 3 h) or 

acetonitrile (9 h) as solvents. In all cases, acetaml e &$ was the only product 
isolable in about 20% yield after purification by chromatography through silica 
gel (eluent : chloroform). A sample recrystallyzed from methanol-ether melted at 
26S’C (dec.); NMR (~OMHZ, DMSO-d6): 1.5-4.5 (complex signal, 7H alicyclic); 1.9 
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and 2.4 (25, 3H, CH3CO); 5.6 and 6.2 (2 apparent t, lH, H-l); 6.8-7.8 (m, 4H, indo- 
le); IR (KBr) 3000-3400 (NH), 1660 (C=O acylindole), 1605 (C=O amide). (Found: C, 
71.76; H,6.11; N,l0.32. Calcd. for C16H16N202: C,71.62; H.6.01; N,l0.44). 

2-Acety~-6-oxo-1,2,3,4,5,6-hcxahydho-1,5-m~~hanaazoc~no 4,3-b]indo&c 
tyl chloride (0.1 ml, F 

(a). Ace- 
1.0 mmol) in methylene chloride (5 ml was added dropwise to 

a two-phase solution of amine ,$ (150 mg, 0.66 mmol) and potassium carbonate (250 mg) 
in methylene chloride (20 ml) and water (5 ml). The usual work-up afforded 152 mg 
(85% yield) of pure ,& identical to that above obtained. 
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