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&stmcr - predominant conformations were determined for &-Bocdeformyl-Z- 
and &-Bocdeformyl-E_gassoschiines 1 and 2 and for their unprotected 
counterparts 3 and 4. 

INTRODUCTION 

Our nm was to investigate the predominant conformations of E-Bocdeformyl-Z_ and &-Bocdeformyl-E- 

geissoschiies 1 and 2, which are mdolo[2,3-2]qumolizidine derivatives. Earlier studies’** in our laboratory 

had mdicated, that the predominant conformations of &-Boc-protected indolo[2,3-dquinoliidmes tend to 

doffer from those of the correspondmg unprotected compounds. In the favorable case, compounds of the 

present type could be potentml synthons in the preparation of sarpagan and ajmalan rmg systems Q&k 

1 R=Boc 
3 R=H 

2 R=Boc 
4 R=H 
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RESULTS AND DISCUSSION 

Some hme ago we developed an easy way to prepare deformyl-Zgeissos&zme 3 and deformyl-E 

gassosctie 4>6 from which the comsponding &&c-protected counterpar@ 1’ and 2 could easdy be 

obtamed 

In general, the mdolo[2,3-a]qumohdme skeleton can exist m three conformations, owmg to mtrogen 

mveraon and adecahn type rmg mterconver~on (Scheme 1) The conbnbuhon of the &fferent 

conformahons to the conformational eqmhbnum is strongly influenced by the subshtuents present 
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Scheme 1. Conformahonal eqmhbrmm of the mdolo[2,3-glqmnohzulme skeleton. Ring D is presented m a 

chm conformahon. 

Arguments, based mamly on ‘H-mm and u measurements have been presented for the preponderant existence 

of the mdoloqumohztdme skeleton of the Z-isomer 3 in the m-qumoldme conformahon (conformahon 

a), with nng D m chau conformahon @gun? 1). **’ Slmllarly based arguments have been presented for the 

preponderant existence of the mdoloquinohzldme skeleton of the E-isomer 4 111 one of the E1sQumol&me 

conformahons (conformahon E) ~th rmg D m chatr conformahon (Figure 2).**’ 

Figure 1 Deformyl-&gassoschlne 3 m the mdoloqumohzldme skeleton conformahon g with Mg D m 

char conformahon (predommant conformahon) 
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Figure 2 Deformyl-E-gerssoschrrme 4 m the mdoloqumolrzrdine skeleton conformation E wrth rmg D m 

chau conformatton (predommant conformahon). 

Gassoschrzme 5, a brogenetrcally important alkalord, IS structurally related to the E-Isomer 4 Drfferent 

predommant conformatrons have been proposed for gerssoschrune 5. Wmterfeldt Us supported the 

preponderance of one of the ~qumoliidme conformattons (conformatron h) wrth rmg D m twrst-boat 

conformatron (Frgure 3), whereas Poher tile favored the other E1sQumohzrdme conformatron 

(conformatron E) wrth nng D m boat (or shghtly twrsted boat) conformatron (Frgure 4) Just recently, 

however, Sakar &al.” presented convincmg evrdence for the preponderant exrstence of gassoschtzme 5 m 

the ~qumohzrdme conformation (conformation 3 with rmg D in twrst-boat conformatron (Frgure 5). 

Frgure 3 Gerssoschrzme 5 m the mdoloqumohzrdme skeleton conformatron b wrth nng D in twrst-boat 

conformahon (Wmterfeldt us). 
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Figure 4 Gerssoschrxme 5 m the mdoloqumohudme skeleton wnformatton E wrth rmg D m boat 

wnformatron (Potter &JL’O) 

,6 COOCHJ Ql-fjgg 
Ftgure 5. Gemsoschrxme 5 m the mdoloqumoltxuhne skeleton 

wnformatron (War WI*) 

wnformahon a wrth nng D m twrst-boat 

Although the structure of compound 4 (and III lesser amount that of compound 3), due to the absence of the 

formyl group, 1s not qmte analogous to that of gassoschixme 5, we wnstdered tt necessary to confirm the 

wrrectness of the above presented predommant wnformatlons of compounds 3 and 4, before gomg on to 

detemune the predonunant wnformatrons of the &-Boc-protected deformyl-l- and deformyl-E- 

gerssoschtxmes 1 and 2. Thus was mamly done usmg rr, ‘H-mm, and t3C-nmr data (for ‘H-mm, see Table 

1; for rr and r3C-mm, see Refs 5 and 6) 

In the case of compound 3, especrally the H-3 srgnal at 8 3 59 (br d) rn the ‘H-mm spectrum, the C-6 stgnal 

at d 21.6 m the r3C-nmr spectrum, and the Eohlmann bands at 2830 and 2780 cm-’ m the rr spectrum were 

chmactenst~. and supported the presented predonunant wnformatron (Frgure 1). Tlus was further confirmed 

by NOE drfference measurements. Irradmtron at H-21a resulted m an NOE (3.5%) at H-3 (excludes 
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Table 1. ‘I-I-nmr data of compounds 1 and 2 and tluxr unprotected counterpar&, compounds 3 and 4 I* The 

couplmg constants between the aromatic protons are onutted 

1 2 3 4 

E-3 

H-scf 

H-&3 

H& 

H-W 
E-9 

H-10 

H-11 

H-12 

H-14Of 

H-14@ 

H-15 

H-16, 

H-16, 

H-18 

H-19 

H-21~ 

H-218 

CO$fe 

C@-w, 
NH 

4 63 dd 4 42 dd 

27 m 28 m 

306m 2 95 m 

28 m 2.8 m 

2.8 m 2.8 m 

7 39 d 7.40 d 

7 20 t 7.21 t 

7 25 t 7.26 t 

8.13 d 8 10d 

2 19 ddd 2 24 ddd 

1 45 ddd 1.65 m* 

28 m 3.24 ddd 

2 24 dd 2.44 dd 

2 66 dd 2.70 dd 

1 71 d 1.68 d 

5.29 q 5.48 q 

3.39 d 3 47 d 

3.97 d 3.39 d 

3 67 s 3 65 s 

1.69 s 1 67 s 

CIwpltng constants. 

Compound 1 

b,,,,_ = 3 5 Hz; JS,,o = 12 Hz, J,+,lu = 12 Hz, J,,_,, = 3 5 Hz; JIrg,u = 12 Hz, J1S,16A = 6 5 Hz; J,s,,eB 

= 8 Hz; J,6A.16B = 15 Hz, J,s,,g = 6 5 Hz; J21s2,e = 14 Hz 

3.59 br d 4 29 br s 

2.7 m 3.2 dd 

3.18 m 3.28 ddd 

2.8 m 2.65 ddd 

3.00 m 3.03 dddd 

7 46 d 7.48 d 

7.07 t 7.10 t 

7 13 t 7 15 t 

7.30 d 7 36 d 

2 25 ddd 2.31 ddd 

1.39 ddd 2 19 ddd’ 

2.8 m 31 m 

2.30 dd 2 15defd 

2 72 m* 2.19 def d 

1.71 d 1.65 d 

5 24 q 5 49 q 

2 83 d 2.97 d 

3.91 d 3.55 d 

3.74 s 3 70 s 

7Wbrs 8.62 br s 
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Table 1. contd. 

Compound 2 

J3,,k = 3 HZ, J2,,+, = 10 Hz; J,44,18 = 13.5 Hz; J,+,s - 1 Hz; J,,,,s = 8 H& J,,,,,u = 9 Hz; JIS.ISB = 6 Hz; 

J MA.166 = 15 Hz; J,a,,9 = 7 Hz; Jz,42,c = 12.5 Hz 

Compound 3 

J 3,14a = 3.5 HZ; J,,,,,, = 12 HZ, Jlhrllv = 13 Hz, J,,_,l = 4 Hz; J,,,,,,5 = 12 Hz; Ju,,e,, = 10 a; JWWB 
= 17 Hz; Ju1.19 = 6.5 Hz; J2,a,2,,, = 12Hz 

Compound 4 

J ,,,& = 3.5 HZ; J,,,,,, = 5 HZ, Jkse = 12 Hz, I,+ = 4.5 Hz; Jhw = 12 Hz; Js,,,Q = 1.5 Hz; J5,s.w = 6 

Hz, Jhw = 13 Hz; J,&,,# = 14 Hz; J11.19 = 7 Hz; J21s21g = 12 5 I-h 

conformat,on 6), and uradumon at H-21/3 caused an NOE (1 3 96) at H-58 (excludes conformatmn h). 

Moreover, ,rradiat,on at H-2 l/3 showmg a strong NOE (11.7 96) at C-l 8 protons mdmated that rmg D is m 

chau conformanon. 

Jn the case of compound 4, parhcularly the H-3 signal at 6 4 29 (br s) in the ‘H-nmr spectrum, the C-6 

s,gnal at 6 17.8 m the WC-nmr spectrum, and the absence of Bohlmann bands m the u spectrum were 

mdcahve and supported the suggested predommant conformat,on (F,gure 2) Further contkmanon was 

provided by NOE difference measurements Jn&at,on at H-3 resulted m an NOE (3.7%) at H-So (excludes 

conformahon h), and uradlatlon at H-21/3 showmg an NOE (2.2%) at C-16 protons mdmated that ring D 

1s m chav conformation 

Once the correctness of the predommant conformat,ons of compounds 3 and 4 (Figures 1 and 2) was 

confirmed, we proceeded to mveshgate the &-Hoc-protected defoMyl-a- and deformyl-E_gmssosch,x,nes 

land2 

Detakd examuumon of the Hoc-protected Z-isomer (compound 1) (for ‘H-nmr, see Table 1) showed the 

mdoloqumohxidme skeleton to exist mamly m conformahon b (Scheme 1) Thts was confirmed by NOE 

d,fference measurements uradmt,on at H-148 resulted m a 7% NOE at H-5fl, whmh could only be true for 

conformahon b (Scheme 1) The existence of rmg D m a chau Conformahon was demonstrated by the 1.5 96 

and 8% NOES between C-16 protons (H-16, and H-168) and H-19 (F,gure 6). 
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Figure 6 &-Boc-deformyl-Z-gtissosctie 1 m the mdoloqumohzulme skeleton conformahon h with nng 

D m chav conformahon (predommant conformation). 

These results led us to thmk that tithe mdoloqumollvdme skeleton of the Boc-protected &somer (compound 

2) hkewxe was 111 conformaaon Jo (Scheme l), then nng D, m order to avoid the mterachon between the 

side-chams m the chair conformation, nught adopt a boat conformation In boat conformahon, C-16 and C-5 

would be m the immediate ~cmrty of each other (Figure 7) and an elegant route nught then be open to the 

sarpagan and aJmalan rmg systems The mterachon between the side-chams would also be prevented, 

however, if the rmg D were to adopt a twist-boat conformahon (vlde su~rii). 

Figure 7 ~-Boc-deformyl-~gassoschlzine 2 in the mdoloqumolnxlme skeleton conformahon b with rmg 

D m boat conformahon. 

NOE difference measurements were used to resolve these conformahonal queshons. Irradlahon at H-148 

resulted m a weak (1%) NOE at H-58, which confirmed that the mdoloqumohudme skeleton was mdeed 

mainly m conformahon h (Scheme 1) If the mam conformahon of rmg D were boat, one would expect an 

NOE between H-21/3 and H-19, and a strong NOE between H-58 and at least one of the C-16 protons (H- 

16, and H-16J (Figure 7) As it turned out, no NOE was observed at H-16, or H-16, when H-W3 was 

nradlated, nor at H-5/3 when H-16, or H-16, was nradiated Moreover, no NOE was found to exist between 

H-218 and H-19. 
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We went on, therefore, to cons&r the other posstbthty: that rmg D adopts a twist-boat conformatton (Figure 

8) In thts case one would expect an NOE between H-211~ and H-19, and no NOE between I-I-54 and the 

C-16 protons (H-14 and H-168) In our NOE difference measurements, unuhahon at H-21a resulted m a 

6%NOEatH-19,wh1lenoNOEwasobservedbehveenH-5~andH-16,,orH-1~(vlde. The findings 

were m good agreement wrth the twrst-boat conformanon. 

Figure 8. &-Bocdeformyl-E_gerssoschtxme 2 m the mdoloquinolmtdme skeleton conformatton h wrtb rmg 

D m twrst-boat conformatton (predommant conformahon). 

Although the mam conformanon of rmg D turned out to be a twist-boat, the energy barrmr between a twrst- 

boat and a boat IS small l3 Thus the twist-boat conformanon does not necessanly rule out the possible use 

of the &-Rot-protected analogues of compound 2 for the formatton of sarpagan and aJmalan nng systems. 

Further studies are m progress. 

EXP-AL 

Ir spectra were recorded wrth a Perkm-Elmer 700 IR spectrophotometer usmg CHCl, as solvent. Ir 

absorphon bands are expressed m recrprocal cenhmeters (cm-‘). ‘H- and “C-nmr spectra were measured with 

a Varmn Umty-400 NMR spectrometer workmg at 399 952 MHz (‘H-mm) and 100.577 (13C-nmr) m CDCl,. 

Chenucal shrfts are given 111 ppm by reference to TMS (‘H-nmr; S, = 0 00 ppm) and CDCl, (“C-mm, Sc 

= 77.00 ppm). In typical ‘H measurements the spectral wrdth was 6ooo Hz, aqmsthon trme 3.744 s, and 

pulse wrdth 7 0 ps. NOE difference spectroscopy was done at 30°C Spectra were obtained by dtrect 

subtraction usmg a 90” composne pulse. Mass spectrometry (EIms and HRms) was done on a Jeol DX 

303/DA 5000 mstrument. 
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. hon of comoouadg 1.3. and.& 

For the preparation of compounds 1,3, and 4, and for theu x, ‘F-nmr and ms spechal data, see Refs. 2, 

5, and 6 For tbw ‘H-rum data, see Table 1. 

hon of corn-pound 2: 

A solution of deformyl-E_gassoschlnne 4 (34 mg, 0.11 mmol), Q-I-butyl &carbonate [@o&O] (30 mg, 

1 3 equiv ), and p-dimethylanuno pyndme @MAP) (1.3 mg, 0 1 eqmv.) m dry CH,Cl, (6 ml) was stured 

at room temperature for 2 h (Ar atm.) Normal work-up and tlash chromatographuz purification (nhca gel, 

CH,CldMeOH, 99/l) led to compound 2. 

Compound 2. Y 30 mg (64%). Ir 1730 (br, 2xC=O) ‘H-nmr See Table 1 ‘fC-nmr: 13.14 (C-18), 21.26 

(C-6), 27 82 [C-cH&, 33.63 (C-14), 34.13 (C-15), 39 15 (C-16), 46 63 (C-5), 51 34 (CO&@, 54.91 (C- 

3), 60 52 (C-21), 83 76 E-(CH,),], 115 59 (C-12), 118.02 (C-9), 121.02 (C-19), 122 55 (C-lo), 123 84 

(C-11), 129 06 (C-8), 135 22 (C-2), 136.64 (C-13), 150 14 (N-C=O), 172 89 (COzMe). MS: 424 (M+), 

367 (lOO%), 323,309,295,249, 170,169, 156 HRms: Found 424.2399. Calcd for C,H,,N,O,: 424.2362 
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