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IN Part II2 vs outlined the development of the partial structural formula 

(I) for the alkaloid arpidoqmmine. The additional ohemiaaf widenoe 

domcribed iu thim Letter oohfirms thome oonolusious and has a oonsiderabla 

further beariug on the struoture. While mainly limited to elucidation of 

the nature of rings D aud E enolosiug the basio nitrogen (hb), our results 
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Part III of a series. Contribution numbered 1570 from the Sterling 
Chemistry Laboratory at Yale University. 

8. COXWOY, P. a. Brook, Y. IT. Bout and N. Silverman, J. Amer. asq 
&SO, 5178 (1958). 
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On the struature of ampidospemine' 3 

that extent are fully in rupporf of the complete formulation (II) whioh 

deduoed by Mills and Nyb~g on the baoia of their reoent elegant X-ray 

cry&allographic rtudier md diaaursed in an 

Chromium t&oxide-pyridine oxidation of 

fraotion, Beparable into three oomponenta by 

The fir& elated wan aapidoapemim 1aataacB 

aoaompunping oomw ioation. 

the alkaloid gave a neutral 

chromatography on Floriail. 

(III), m.p. 115' from betuaene 

to 

ia 

(Found2 C, 75.18; H. 7.70; N, 6.19. c2&803N2*c6% requireat C, 75..30; H, 

7.67; N, 6.2?.)3 nithvv_ 1632 (Naaoetyl) and 1680 am? (fim-memberrd 

laotam). Ampidorpmnlne 1aotam-C (IVa) roved more alowly in the 

ohromatogram; it mm oryatallired from bonsene aud gave the a.p, 228-230' 

(transition at 147') (Founds C, 72.59; B, 7.221 N, 6.04. C22~~04N2*C6~ 

roquiree:.C, 72.701 H, 7.41.1 N, 6.06.)~ and W_ 1692 (laofsm oarbolyrl) 

and 3303, 3520 OIU~' (hydrorgl). Laotam-D (V), with intermediate mobility 

3 Tbe inolurion of brnsene in there stable orptalline aalvaafr was 
ahown indqendently of the analysis in eaoh oaae by the i&ewe 
@i-let bensene ab8orptfon in the NM2 rpeotrum of tha aualytioal 
aample. 



6 On the l truoture of arpidorperpline' 

in the ohromatogrcrm, hze the m.p. 249' from benzene (Found: 

7.05; N, 6.04. C22E2604~2~C6~ requirea: c, 73.02; II, 7.00; 

giver the very oharaoteriztio infrared doubletvv_ 1721 and 1770 -l of om 

the five-membered cr-keto-laotzm4 ao well ae vm- 1660 om -1 (Na-aoetyl). 

Laotem-D oxime, m.p. 261' from benzene (Found: C, 68.06; H, 6.971 N, 9.92. 

C22B2704N3~6~requiree: C, 68.061 H, 6.9Oi N, 9.92.)' formed rather 

zlowly. Potaeeium borohydride reduction of the ketonio carbonyl of V gave 

the a-hydroxylaotem (Nb), m.p. 247' from ethyl aoetate (Found1 C, 69.08s 

B, 7.581 N, 7.91. C2h204N2 requires: C, 68.72; H, 7.34; N, 7.29.) with 

?_ 
1654 (Na-aoetyl) 1697 (lactem oarhonyl) 3310 and 3510 oz~ -' (hydroxyl). 

Laotem-C and the borohydride reduotion produat are epimerio at the 

hydroxylated oarbon. Lzoteme -B end -C were interrelated by oonvereion of 

-C to the o-ahlorolaotem (VI), m.p. 294-296', (v_ 1718 om-'~ hmd: C, 

65.46~ H, 6.77r Cl, 8.55. C22H2703F$C1 required: C, 65.68; H, 6.75; Cl, 

8.80) with phorphorue oxyahloride followed by aino duet reduction of VI to 

III. Abeence of any rkeletal ohenge in the oxidation wae ehown by 

reduotion of laotem-B to Na-ethyldeaoetylezpidozpermine5 with lithium 

aluminum hydride. 

The 60 mc/eeo NUB zpeotrum6 of lactam-B l howe a well reeolved two 

proton nonequivalence quartet oentered at 7 - 7.63 with J = 16.2 aper 

C, 72.84; H, 

N, aAm.)3 and 

* Thor, 1,5-diphenyl-2,3-diketopyrrolidine absorbs at 1712 end 1770 
wavenumbere [H. H. Wazeerman and R. C. Kooh, Chem. 8 Ind. 428 (1957)g 
Cf, P. L. Southwiok, E. P. Previo, J. Caeenova, Jr, and E. H. 

5 
Carleon, J. Org. Chem,a, 1087 (1956).]. 

6 
B. Witkop and J. B. Patrick, J. Amer. Chem. Sot, & 5603 (1954). 

NMR l pectra were measured on a Varien Azeooiatee inztrument with 
99.5s douterioohloroform ez solvent end tetremethyleilzhe ae 
internal reference. 



(0-acetyl)i Found: C, 67.41; H, 7.04; N, 6.68. C24B5005N2 requiree: C, 

67.58; H, 

T= 4.90; 

T- 6.17. 

a vioinal 

7.09~ N, 6.57.)],i l marked by a eharp one proton singlet peak at 

the oorreeponding O-methine abeorption of la&em-C ie higher, at 

Since neither @air in the methylene quartet ie further eplit by 

third proton, while the peak aeeooiated with the aoetoxylated 

On the l tructure of aepidoepermine 7 

abemt in the oorreeponding region8 of the curvee for aepidoepermine, for 

1aotem-C or for la&am-D, whiah muet be aeoribed tn the methylene 

irmediately adjacent to the laotam-B carbonyl. The NMR spectrum of 1actem-C 

O-acetate (Vii), m.p. 211°[Vv_ 
-1 

1706 (lactem carbonyl) and 1754 om 

methine (C-CH<"'Lc co-N) ie ieolated from any l pin coupling, the grouping8 in 

question muet be joined to a quaternary center and the five-membered ring 

E of aepidoepermine contain8 the eyefem +B2AIi2-NC. 

Merourio aoetate oxidation7 of the alkaloid gave a mixture of enaminee 

from which one, dehydroupidoepermine-A (VIII), wae isolated ae the iminium 

perohlorate, m.p. 256-287', dec., (Found: C, 58.60; B, 6.74; N, 5.95. C22 

B2g06N2Cl requiree: C, 58.51; H, 6.45; N, 6.19.) with v_ 1698 ([X-N<]+) 

and no band near 2400 -' om ([B$J-El+). Furth er oxidation of the regenerated 

enamine with eilver oxide in aqueous dioxene gave the neutral aepidoepermine 

lactam-A (IX), m.p. 174-176', (Found: C, 71.47; B, 7.45; N, 7.47. Cg2B2*05N2 

-1 require8 C, 71.71; H, 7.66~ N, 7.60.) with very etrong abeorption at 1625 QP , 

the reeult of euperposition of the bands due to a nix-membered lactem 

oarbonyl and the Na-acetyl funotion. Deacetylaepidoepermine lactem-A, 

prepared by aoid hydrolyeir end purified a the hygroecopic perohlorate, 

7 Cf. N. J. Leonard and F. P. Bauok, Jr., J. Amer. Chem. Soo. 2, 5279 
(1957). 



8 On the rtrwture of aepidoepennine 

m.p. 210-217', (Found: C, 56.20~ Ii, 6.47; N, 6.62. C20E12706N2C1 requirerr 

-1 c, 56.27; H, 6.38; N, 6.56.) atill harr v_ 1621 cm . Abimnca of l keletal 

ohauge in the oxidations was shown by reduction of de~oaapidoepe~ne-A 

perchlorate to aspidospermfne with eodinm borohydride and reduction of 

laotam-A to Na-ethyl-deaoetylaepidorpermine with lithium alumiuum hydride. 

N 
D F? pm 

0 

N Q D 

Ix 

Dehydroarpfdorpermine-A beam oue olefinic hydrogen at the @ position 

(with reapeot to Nb) 
-1 

M whom by the infrared rhoulder at 1651 am given 

by the free base and by the sharp peek at 1650 om-' in the spectrum of the 

deaoetylated enamine.' The enamine (VIII) aoupled readily with p-nitroben- 

senediasonium chloride to give an fnteneely red dye&&f, yellow in aoidio 

solution, an ahown: 
+ 

~-CECH- 
-II+ 

- 'N-CzEcE[(N&& -+a' "-C-N=N-k 
# 

which should not have been poeeible if the mmati.ne had been more highly 

aubstftuted at the B oarbon. 

' If fully rubrtituted at the fl oarbon, aua$-unaaturated amine 
abeorba in the infrared rauge 16664673 ravenumbers; otherwiae the 
oharaoferietic peek ir at lower frequenoieo (1640-1652 ravonumbere) 
@ef. 7). 



On the structure of aapidoapermine 9 

Further infomation aa to the constitution of ring D ma obtained from 

aapidoapermine dihydromethine* (X), the product of Jkle redmtion of 

aapidoapermine mothiodide. Eofmann degradation of the dihydromethine 

XllT,R=CHO 

mothiodide* rith potuaium&+ntoxide gave the olefinio bue (XI), 

ahuaoteriaed oa its perchlorate, r.p. 24!W246° (Found: C, 59.U; H, 7.67; 

N, 5.72. c2$33 6 2 0 N Cl requires: C, 59.Uj H, 7.69; N, 3.78.). No produot 

oorreaponding to an alternative oourae of elimination baa obtained. The 

bue (XI) ahora typioal vi@ infrued absorption at 910 and 995 om-‘, 

peaka vanishing in the l peatrum of the oorreapending dihydrogenated 

derivative (XII) [perchlorate, m.p. 261'; Fouud: C, 59.13; H, 7.81: N, 3.74. 

C24$706N2C1 requirea: C, 59.19; H, 8.07; N, 5.78.1. The 60 mo/aeo BMt 

ape&rum6 of XI ahorr tm overlapping a~trioally awed quartets 

aentered at T- #.95 and 4.99 uaooiated rith the A and B protona of the 

ayata CHAHfc+. If the liofmann elimination bad prooeeded in the other 

dire&ion, giving a vinyl function l ubatitnted upon the quaternary oenter, 

the C proton l honld also have appeued as a quartet, ritb splittings which 

oould hwe been deduoed from these of the A ad B qnutefa. Inakd We 



10 On thr rtructuro of arpidolpermine 

ob8erved a multiplet aentered near Q - 4.24 ruffioiently oomplex to require 

that the C proton be coupled to four other, a8 in CHAHD-CHC-Cs. 'The 

evidenoe for au adjacent methylene further include8 the rpectrum of XII 

[derived from the olefin (XI) by 08mium tetroride-periodate fieaion], with 

a nynnnetrical lt2rl triplet at 7 - 0.17 (J - 2.9 op8) cusooiated with the 

aldehydio proton resonance. 
10 

The olefin (XI) war tranllfolmed by hot mineral aoid into an i8omer 

[perohlorate, m.p. 199-201' (Found: , 59.60; H, 7.7&-N, 5.50. C24H.#6N2Cl 

require8 C, 59.19; H, 8.07; N, 5.78.)], which lore8 it8 vinyl abrorption in 

-l the infrared and NUB but give8 instead a band at 970 om (tran8 -cH-cH-), 

a two proton olefinio reponauae multiplet at $1 4.53 and a three proton 

doublet at T= 8.32 with J = 2.6 0~8 (allylic C-cwthyl). Catalytio reduotien 

led to a dihydro ba8e whore idrntity with XII ~88 e8t8bli8hed by infrared 

compari8on of the base8 and the two ealt8, and by mixed m.p. of the raltr. 

This olefin ie the double bond ieomer (XIV) containing a tran8-propenyl 

group in plaae of the ally1 re8idue. 

There re8ults ertabli8h the pre8enoe of the 8yeta >N-CH2-CH2-CH2-C 

within the rix-membered ring D. They exclude attaohment of the C-ethyl 

9 First order theory predict8 no more than eiiht line8 for the C 
reronance in CHAHD=CHC-C%C2 and only four in CHAI#,-CHC-CC3; at 

lea8t ten oould be seen clearly in our spectrum and it ie probable 
that better re8olution would have diealo8ed twelve. 

lo The acetaldehyde -MO re8onanae appear8 at *- 0.28 (J = 2.85 op8). 



On the etructure of aepidoepermine 11 

5,11,12 
group of I at the S carbon, ae in the Witkop-Openehaw l truoture. 

The DE bioyclio eyetem cannot be bridged eo ae to violate the 

requirement8 of coplanarity about Nh in the laotame and the (iminium) 

aalt of VIII. We have no unequivocal evidenoe for the reoond quaternary 

center (to which ia bonded the C-ethyl, in II), but itr inclurion provider 

explanation for the ieomeriaation (XI -XIV) proceeding no further than 

it doea, to a diaubatituted olefin, and ie consistent with the behavior 

of the unit >CH-Nb in the EMB epectra. 

In oonolueion we mention that a number of our other obeervatione, 

although of somewhat lees direot conrequenae in the structural argument, 

are in oomplete agreement with the etructure (II) for aepidoepermine; it ir 

with particular l atiefaotion that we weloome the dramatic end impreeeively 

definitive solution reaohed by Yille end Nyburg uring the X-ray technique. 
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The Witkop-Openehaw etructure was baaed primarily upon Witkop'e 
reported isolation of 3,gdiethylpyridine from zinc duet degradation 
of deacetylaepidoapermine but it will be reoalled that the produot 
in question oould not be poeitively identified with the synthetic 
eemple [B. Witkop, J. Amer. Chem. Sot. 2, 3712 (194S)]. 
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