
Te 1967. WA. 21. pp. I lo 9. RrpmooRaLM. hiacobhN-Ifehml 

THE C-D RING CLEAVAGE OF 
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Abstract -Two methods are dacribcd for the preparation of 3.4wcodihydrocorynantheinc dcriva- 
tivcs bearing an oxygen function at C-3. The first is the cyclization by Ac,O-AcGNa of dihydro- 
corynanthcic acid and its derivative lacking the mwhoxymethyknc group. This cyclization yields 
acetoxylactamr in which lactam formation has taken place between Nb and the carboxyl group 
sccompanied by ckavagc of the G3-Nb bond with the introduction of an acctoxy group at C-3. 
The structure of the lactams are supported by spectroscopic evidence and dcgradative studies. 

The second method required 7-acctoxy-7Hdihydrocorynantheine methiodide prepared by 
treating dihydrocorynanthcinc successively with lead tctraacetatc and methyl iodide. 7-Acetoxy- 
7HdihydrocorynantheinaN~~mcthiodide is converted by the action of hot aqueous acetic acid-sodium 
acetate and extraction from strongly basic solution to 3-keto-3.4rcco-Nt,-methyldihydrocorynan- 
thdnc. Dihydroburnamkinc was obtained by a three-step sequence from 3-kcto-3,Crcco-N,- 
methyldihydrocorynantheinc and its mass spectrum is reported. 

RECENT investigations have disclosed a surprisingly large number of indole alkaloids 
bearing an oxygen function at C-3. The majority of these are 2-acylindole derivatives 
which have been the subject ofa recent review .3 The ring systems of several 2-acylindole 
alkaloids are closely related to other indolc alkaloids bearing the tetrahydro+carboline 
moiety. Thus the skeleton of vobasine’ and its congeners is a 3-keto-3,4_secoderivative 
of the ring system found in vellosimine,6 macusine,e periclivine,’ mauiensinZ and 
sarpagine.@ A similar relationship exists between bumamicinelO*u and dihydrocoryn- 
antheol methochloride which were obtained from the same plant.” Another interesting 
example is picraphyllinc and akuammigine which also occur in the same plant.” 
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This relationship between these two classes of indole alkaloids suggests that tetrahydro- 
&carbolines may be intermediates in the biosynthesis of some 2-acylindole alkaloids 
and perhaps the reverse is true as well. Several biogenetic proposals suggest 2- 
acylindoles as important intcrmediates.“~14 

The synthesis of 2-acylindole alkaloid derivatives from the corresponding tetra- 
hydro+carbolines is attractive for two reasons. This transformation might provide 
a model or at least an analogy for the biological process and tetrahydro-,!%carbolines 
are relatively easy to synthesize. One method we find for effecting the desired 
transformation is the cyclization reaction shown below. 

q, %o.oAc-* OTT& 

I 

II 

*It -MaOCH 
bR=H, 

I>, r;c \ I)- Ho0 II! 

III* R-MCOCH IV* 

The acetoxylactams, Ha and b, were obtained in 46 and 35% yields respectively 
from dihydrocorynantheic acid and its derivative Ib. The proposed structures of Ha 
and b are supported by the following observations. The UV spectrum of IIa shows a 
combination of indoleand z-methoxymethylenecarbonyl chromophom asobserved for 
dihydrocorynantheine and IIb shows a typical indole UV spectrum. Both the IR and 
NMR spectra of IIa and b are consistent with the proposed structures (Experimental). 
Saponification of IIa and b yielded the corresponding hydroxylactams, IIIa and b, but 
only the one derived from dihydrocorynantheic acid was obtained in crystalline form. 
The hydroxyl group of the hydroxylactam IIIa proved to be extremely reactive. 
Acetylation of the hydroxyl group took place in 10% AcONa-AcOH at room 
temperature to regenerate IIa and the action of 5% A&H-MeOH converted IIIa to 
the corresponding methyl ether. The hydroxyl group in both hydroxy lactams was 
placed at C-3 since both compounds afforded 2-acylindoles upon manganese dioxide 
oxidation, but again only the compound derived from dihydrocorynantheic acid was 
obtained in crystalline form. The action of sodium borohydride on the ketolactam 
IVa yielded the parent alcohol in nearly quantitative yield. 

The location of the acetoxy group of the acetoxylactams Ila and b establishes that 
the action of acetic anhydride on these dihydrocorynantheine derivatives results in 
cleavage of the C-D ring juncture. The nature of the ring system in these compounds 

I4 G. F. Smith, Chem. 6: M. 1120 (1961). 
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was established by LAH reduction of the aatoxylactam IIb. This reaction afforded 
an oxygen-free base which was also obtained from LAH reduction of the known 
quaternary ammonium salt 6. 16 Structure V is proposed for this new base from its 

Ha V VI 

method of synthesis and its NMR spectrum. The LAH reduction of the quatemary 
ammonium salt VI could have cleaved any one of the four bonds a, b, c, or d. Cleavage 
of bond b would have produced dihydrocorynanthcane but this possibility was ruled 
out by direct comparison of VI with an authentic sample of dihydrocorynantheane.l~ 
Of the three remaining possibilities, rupture of bonds c or d would have produced a 
second C-methyl group whereas cleavage of bond a is the only pathway that does not 
result in a new C-methyl group. The NMR spectrum of the base V shows a triplet at 
T 9.05 corresponding to only three protons using the aromatic proton absorption (four 
protons) as an internal standard. The prcscna of two methyl groups in dihydro- 
corynanthcane was readily apparent from its NMR spectrum. 

The combined chemical and spectroscopic evidence provides firm support for the 
proposed structures Ha and b. However, we have no basis on which to assign the 
stereochemistry of the C-3 aatoxy groups in thcsc materials. The detailed mechanism 
of the lactamization reaction is also open to question although the reaction is clearly 
related to the cleavage of tertiary bet@ amines by the action of acetic anhydride” 
or ethyl chlorocarbonatc. u A very similar reaction is the cleavage of the quinuclidinc 
ring of cinchonamine by aatic anhydride to yield a Nt,-acetyl-2-vinylindole derivative.*@ 
One possible pathway for the lactamization reaction involves a 2-alkylidene-2H-indok 
intermediate and we propose that the lithium aluminum hydride reductions of the 
aatoxylactam IIb and the quaternary ammonium salt VI do involve elimination to 
2-alkylidcne-2H-indole intermediates which suffer reduction to regenerate the indole 
system. Evidence regarding the lithium aluminum hydride hydrogenolysis of 2- 
indokcarbinol derivatives has been presented elscwhere.lD 

The kctolactam IVa appeared to be an attractive intermediate for the synthesis of 
dihydrobumamicine. The conversion to dihydrobumami ‘cinc would necessarily involve 
hydrolysis of the lactam ring which we were not able to bring about. We thought that 
the keto group would have to be protected or hydrolysis of the lactam ring would be 
followed by rcclosurc of the C-D ring to give 3dehydro-19,2Odihydrocorynantheic 
acid. Accordingly the C-3 carbonyl group was converted to the ethylenedioxy 
derivative in the usual manner but all efforts to hydrolyze the lactam ring of this 
material met with failure. The development of another method for effecting the C-D 

I’ E. Wenkcrt and N. V. Bringi. 1. Amer. Chum. Sot. 81.1474 (1959). 
” Prepared by the procedure of M.-M. Janot and R. Goutarcl, Bufl. Sot. CMm. Fr. 588 (1951). 
I’ M. TifTeneau, &II. Sot. Chim. Fr. [4] 9, 825 (191 I). 
I0 J. Knabc and U. R. Shulka, Arch. Phormor. 295.871 (1962). and Rcfa. cited therein. 
I* R Goutard. M.-M. Janot. V. R&g and W. 1. Taylor, HA. CIJm. Acfo. 33,150 (1950). 
” L. J. Dolby and D. L. Booth, 1. Org. Ckm. 30. lSS0 (I%S). 
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ring cleavage of dihydrocorynantheine made the route from the ketolactam appear 
unattractive. 

The second approach to the synthesis of 3-keto-3,4--secc-dihydrocorynantheine 
derivatives is outlined below. The action of lead tetraacetate in benzene solution 

McO,C 
/I \ 

CHOMe 

u’ OH- 
I J y i NPc 

(I’ HoAc-OAc- F cr:G- ii R 

Me0.C 
A 

CHOMc 

VIIIR-0 
IX R - OH, H 

converts dihydrocorynantheine to the expected 7-acctoxy-7Hdihydrocorynantheine 
in 25% yields based on unrecovered dihydrocorynantheine. The acetoxyindolenine 
affords the Nt,-methiodide VII upon exposure to methyl iodide in benzene solution. 
The desired 3-keto-3,4-sect-Nt,-methyldihydrocorynantheine VIII was obtained in 
55 % yield from the acetoxyindolenine methiodide after treatment with boiling aqueous 
acetic acid containing sodium acetate and extraction from strongly alkaline solution. 

The 2-acylindole VIII has several interesting properties. Its UV spectrum in ether 
solution shows normal 2-acylindole absorption (307 rnp; E 14,800) which is changed 
to a dihydrocorynantheine spectrum upon the addition of acetic acid. In ethanol 
solution the material shows only the absorption expected for a combination of indole 
and a-methoxymcthylenecarbonyl chromophores (dihydrocorynantheine). This 
spectacular solvent effect is ascribed to the formation of a dipolar species such as X 
in polar solvents. Such an interaction is expected from the elegant studies of Leonard 
er ai.” The IR spectrum of VIII (chf) shows a strong band at 1640 cm-l which is 
consistent with the 2-acylindole structure. The NMR spectrum (CDCla exhibits a 
sharp signal at 7 8.36 attributed to the N-methyl group. That the N-methyl group 
should appear at such high field is not unexpected since the N-methyl group of 
protopin@ appears at T 8.08 and the N-methyl group of picraphylline” is found at 
T 8.0. 

*I N. J. Leonard, J. A. Adamacik, C. Djcrassi and 0. Halpan, 1. Amer. Chum. &sc. SO, 4858 (1958) 
and previous papers in the scria. 

” N. S. Bhaoza, L. F. Johnson and J. N. Shookty. NMR Spcrra Caralog No. 339. Varian Associates, 
Palo Alto, California (IWZ). 
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hleO,C 
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The 3-kcto-3,4-seco-Nt,-mcthyldihydrocorynantheine was quite resistant to sodium 
borohydridc reduction in aqueous methanol. This inertness is ascribed to the formation 
of the dipolar species X in polar solvents. In accord with this hypothesis the keto 
group was easily reduced by the action of sodium borohydridc in 1,2dimcthoxycthanc 
to afford the corresponding alcohol IX. The alcohol shows the expected dihydro- 
corynanthcinc W spectrum and the absorption at 1640 cm-l is absent. The NMR 
spectrum of the alcohol shows the N-methyl group shifted downfield to a normal 
value of 7 7.76. 

Saponification and acidcatalyrtd hydrolysis of 3-kcto-3,4-seco-Nb-mcthyldihydro- 
corynanthcinc was accompanied by dccarboxylation to furnish the kctoaldchydc XI. 
The IR spectrum of the kctoaldchydc X1 showed carbonyl absorptions at 1720 and 
1640 cm.-’ and it was used for the next step without deliberate purification. Dihydro- 
bumamicinP XII was obtained from the ketoaldchyde in 50% yield by the action of 
sodium borohydridc in aqueous methanol. The strong nitrogen -C-3 carbonyl 
interaction protects the kcto group from reduction as previously observed. The 
dihydrobumamicinc obtained in this manner shows a typical 2-acylindolc UV 
absorption spectrum in ether solution and the spectrum is changed to that of an indole 
upon addition of acetic acid. In ethanol solution the spectrum appears to be a 
combination of 2-acylindole and indolc spectra. The IR spectrum shows absorption 
at 1640 cm-l and the NMR spectrum shows a sharp signal at 7 8.06 ascribed to the 

C 
a 172 156 

IH-I 198 

XI R - CHO 
XII R - CH,OH 

n A direct comparison of our mate&l with the reduction product of authentic bumamicine was not 
possible since no bumamkine remained from structural studies. We wish to thank Dr. Taylor 
for a helpful discussion of this problem. It is not certain that dihydrobumamkinc prcparod from 
dihydrccorynantheinc bar the same abaolutt conliguration at GlJ as authentic bumamkk but 
biogenetic consideratiocu suggest that this should be the case. 
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N-methyl group. Dihydrobumamicine shows a pK,’ of 9.02 (50% MeOH-H,O) which 
is very close to that reported for bumamicine.1° 

The mass spectrum of dihydrobumamicinP provides further confirmation of the 
proposed structure and it bears important similarities to the mass spectrum of the 
parent compound. lo However, the mass spectrum of dihydrobumamicine is substan- 
tially simpler than that of bumamicinc probably because the isolated double bond 
facilitates additional modes of fragmentation. 

The anticipated fragmentations along lines a, b, and c are those observed for 
burnamicine.rO Fission along a gives rise to peaks at m/e = 128, 129, and 130 
undoubtedly arising from the indole residue. Similar peaks are also found in the mass 
spectrum of the 2-acylindole alkaloid picraphylline.la The ptalr at m/e = 170 may be 
considered to arise by cleavage along b and loss of carbon monoxide (mass 28) from 
the fragment of mass 198 formed from fission along a. The 170 peak corresponds to 
the peak at m/e = 168 in the mass spectrum of bumamicine. The peaks at m/e = 143 
and 144 also correspond to peaks found in the mass spectra of both bumamicine and 
picraphylline.W*w Both bumamicine and dihydroburnamicine show a peak (m/e = 
308 and 310 respectively) which can be considered to arise from the loss of water. 
The peak at m/e = 78 in the mass spectrum of dihydroburnamicinc is undoubtedly 
due to the presence of benzene in the sample. Dihydrobumamicine could only be 
crystallized from benzene which it retains tenaciously. 

EXPERIMENTAL” 

Acaroxylucr~ 11~. Dihydrwrynantheiae hydrochloride (5Og) ~8) hated with ZN KOH 
(I03 ml) in aqueous McOH for 3 hr. The solvent wa evaporated under red. pmr and the mixture 
wa3 acidifM to pH 6 with dil HCI. The amino acid wa extracted with chf and the aqueous residue 
cvaparated and leached with dry EtOH. The EtOH and chf extra& were combined and evaporated 
to afford crude dihydro=orynantheic acid suitable for the next step. This was heated under reflux 
for 1.S hr with Ac,O (SO g) and frahly fused AcONa (50 g). The cooled reaction mixture was 
neutralized with NH,OH and extracted with chf. Evaporation of the chfafTorded 4.4 g of the crude 

94 We are indebted to Dr. Taylor for the ma.u spectrum and his helpful comments. 
m All m.p.‘s arc uncorrected. IR opectra: CHCl, soln. Reckman IR-S IR rpecwphotometer and UV 

spcur8: Cal-y Model II spectrophotometa. Rotations: P&kin-Elmer Model 141 @arimcter, 
c r~ @4. PMR spesra: CDU, solo, T.MS as internal standard. Microanalynes: by Micro-Tech 
IAboratoriu, Skokie. Illinois. 
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mxtoxyactam which was chromatographai on 1 SO g of activity III Wodm neutral ahtmina. Fractions 
of 54Jml were collected. Fraction 1 contained a trace of amorphous material and fractions 2-8 
contained 2.27 g (46’/@ of the aystalline acetoxylactam, m.p. 168-17Cr’. Continued clution with 
CH,Cl, removed only a trace of amorphous material and s uccessivc clution with SOye acetoncCH#Zi, 
and 15 % McOHCH,Cl, yielded 652 mg amorphous material which was not investigated. The 
analytical sampk of the acetoxylactam showed m.p. 176177’ (dcc) softening at 169” [II,,,, +492 
(MeOH) after rscryullliBtioa from acetone. The UV spectrum was virtually identical with that of 
dihydrocorynmthcinc and the IR w shoand absorption at 1720. 1665. and 1608 cm-i. The 
NMR specuum showed a sharp signal at T 843 ascribed to an acetoxy group. (Found: C, 69.56. 
@36; II, 7.27, 7.12; N, 7-U; mol. wt. 414, 440 (osmometcr). C&Is,NIOI requires: C, 6968; 
H, 7.07; N, 709%; mol. wt. 3W.) 

Hydroxykfum IIIa. The aatoxylactam (I.70 g) was d&olval in S% NaOH (100 ml) in SO% 
aqueous M&H and stored at room tcmp for 2 hr. Most of the McOH was ranovcd under red. 
prcsa and tbc residue extracted with chf. The extracts were washed with water, dried over MgSO, 
and evaporated to yidd 1.20 g of the crude hydroxylactam. Crystallization from acetone afforded 
@79Og (S2.A pure hydroxylactam, np. 150” (foam), [ah,,, i431”. MeOH. (Found: C, 7089, 
7@91, H. 7.41.7.38; N. 8.29. C,,HrN,O, requires: C, 71.16; H, 7.39; N, 7%) 

The hydroxylactam (40 mg) was stirred at room temp with AcOH (1 ml) and AcONa (100 mg) 
for 30 min. The usual workup yiddal Ha in quantitative yield. 

Ke~dacrwn 1Va Active MnO, (10 gl was added to a stirred solution of 1.30 g hydroxylactam in 
200 ml CH,Cl, and SO ml chf at room Kemp. After 15 hr. an additional 74 g MOO, wu added and 
stirring was continual for 18 hr. The M.0, was filtered off and evaporation of the solvent afforded 
the crude ketolactam which was crystallized from acetone to yield 660 mg (51 ya pure material, 
m.p. 241’ (dcc) turning green at ca. 200”. [a),,r +260” (MeOH); UV spectrum (EtOH) 313 pm 
(8 lf700), 238 pm (2S.500), 217 pm (26,900); IR maxima, 1667.1640, and 161Ocm-i. TIC showed 
the ketone to be fra from starting material. (Found: C, 71S3; H. 684; N, 8.25 C,,H,,N,O, 
requires: C, 71.57; H, 6%; N, 7.95%) 

Ace~oxy&zcrcrwn IIb. Dihydrocorynantbcine (5.35 g) was hydrolyzed to the akkhyde ester-.” 
(39 g, S7 YJ. The crude ahkhyde ester was dcformylatcd as described for the dcformylation of 
guslarhidne” by the action of hot 2N KOH to yield 2.10 g Ib isolated as the hydrochloride. The 
amino acid hydrochloride was cyclized as described for dihydrocorynanthck acid to yidd 1.80 g 
crude IIb which was chromatographcd on 50 g grade III Wodm neutral ahnina. Fractions of 20 ml 
were collected. Elution with CH,CI, yielded 83 mg amorphous material in the 6tst 4 fractions 
Fraction S, 200 mg, was partially crystalline and continued clution with CH,Cl, yielded 7SO mg 
(92% from dihydrocorynanthcine) Ilb. m.p. 194-195”. After crystallization from CIi,Ci,+ther, 
the analytical sample had m.p. 1975-198~5”. UV (EtOH). 294 rnfi (c 6.800). 290 pm (8,900) 283 pm 
(8,700) 224 q (36,100), and IR maxima (chf) 1750 and 164Ocm-i. The NMR spectrum showed a 
sharp signal at t 7.97 ascribed to an acctoxy group. (Found: C, 71.36.739; H, 7.13,7.23; N, 
7.87.893. C,,HINIOI requires: C, 71.16; H, 7.39; N, 790%) 

LAH rcdncrbn of rhe acetoxyiactom IIb. Compound IIb (100 mg) was heated under reflux for 
25 hr with 300 mg LAH in 20 ml THF. The reaction mixture was hydrolyzed and extracted with 
CH,Cl, to afford 85 mg crude product which was chromatographcd on 10 g grade II Wodm neutral 
ahimhu. Uution with 30% pet. ether (30-60”~~ removed a trace of amorphous material 
and ykidcd 16 mg (2O*A) V m.p. 1785-179’ after two crystallizations from MeOH. Elution with 
chf and SO% acetonbdlf removed 11 mg amorphous material. The UV spectrum of V showed 
normal indok absorption and the NMR spectrum exhibited a triplet at 7 9aS -ding to 
3 protons using the aromatic absorption (4 protons) in the region T 2-3 as an internal standard. 
(Found: C, m81; H. 9.09; N. 9.75. C,,H,N, requires: C. 8080, H. 9.28, N, 9.92%) 

Quurerncuy ammonfnm solr VI. Dihydrocorynantheol was converted IO VI, m.p. 315-317” (ds), 
after crystallization from dimctbylformamidc and McOHxhf (lit.” m.p. 3lS-316”) as previously 
described.i* (Found: C, 69.22; H. 7.10; N. 599. C&H-N,O,S requires: C. 69M); H. 7.13; N, 
6.19x.) 

LAH wducfion of the quutemary ammonium salt VI. The quatanary ammonium tosyhtc (100 mg) 

M J. P. Kutncy and R. T. Brown. Terruh&on trrrcrs No. 26. 1815 (1963). 
” A. chatter& and P. Karrcr. HeIu. Chim. Acra. 33,802 (1955). 
LI F. Pusicux, R. Goularel. M.-M. Janet and A. LeHir. C.R. Acad. Sci. Par& u9.1369 (1959). 
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was heated under rdlux with 300 mg LAH in anhydrous N-mcthylmorpholine. The usual workup 
atTorduI 55 mg (907’ of V m.p. 169-171” after aystallization from MeOH. The material was 
chromatographai as previously described to yidd pure V, m.p. 178-S-179”. identical with timatcriaI 
w by reduction of 1Ib. 

Merhoxylocfum. Compound Ha (800 mg) was heated under rdlux for 3 hr with 1 ml AcOH and 
20 ml h&OH. The soln was made alkaline with NH,OH and extracted with chf. The combined 
extracts were washed to neutrality, dried over &SO, and evaporated to yield 750 mg crude ether. 
This product was chromatographcd on activity III Woclm neutral alumina. Elution with CH,Cl, 
yielded 400 mg (S2%) aystalline ether. m.p. -221” after cryslalliution from acetone. The IR 
spectrum showed no hydroxyl or aatate absorption and the UV v was unchangal from that 
of the starting material. (Found: C. 71.23; H, 7.57; N, 746; OCH,, 17.12; mol. wt. 343 (OMO- 
meter). C,,H”N,O, requires: C. 71.71; H. 766; N, 7-60; OCH,, 16.85%; mol. wt. 368.) 

Dbxolorv deri~~ffce o/lVa. The IVa (195 mg) was dissolved in 10 ml e!hylcne glycol and SO ml 
dry bzruenc and treated with 15 mg ptolucncsulfonic acid monohydrate. The resulting soln was 
rcfluxed unda a water take-off separator for 1 hr. The reaction mixture was then poured into 100 ml 
3 % Na&O,aq and extracted with ether. The combined ether soln was washed with water, dried over 
MgSO, and evaporated to afford 184 mg crude dioxolane. This product was chromatographcd over 
log activity III Wodm neutral alumina. Frauions of 10 ml were colkctcd. Elution with 50% 
benzc~,Cl, (fractions I-5) yielded 38 mg amorphous material which was not identified. Elution 
with pure CH,Cl, (fractions 613) rcmovcd 110 mg (50%) of crystalline dioxolane, m.p. lSC158”. 
after nzrystallization from abs EIOH or McOH-water and drying at 80” in cucw. The UV spoztrum 
showed dihydrocorynantheinc absorption. (Found: C. 69.78; H. 747; N, 7-09. C,,HrN,OI 
requires: C. 69.68; H, 7.12; N. 747x.) 

7-Acefoxy-7-Hdihy&ocorynu&cinc. Dihydrocorynantheinc (4.75 g) in 100 ml dry benzene was 
treated with 6-06 g lead tetraaatate. The reaction mixture was stirred for 10 min after which it 
was filtcrcd and washed with Na,CO,aq. The crude product was chromatographcd on 200 g grade III 
Wodm neutral alumina and fractions of 100 ml were collcctcd. Elution with 400 ml benzene yielded 
1.046 g dihydrocorynantheinc. Fractions 5 and 6 contained amorphous material (480 mg) and 
fractions 7-13 contained 7-aatoxy-7-H-dihydrocorynantheine, (1.621 g) which was aystallized twia 
from ether-pet. ether (30-6C”) to yield 956mg (230/3 7-acetoxy-7-Hdihydrocorynanthcinc, m.p. 
18O-181”, [ah,. +142’ (MeOH). Continued elution with benzene fiorded some amorphous 
material which was not investigated. (Found: 67.65; H, 7.21; N. 6-85. C&HIIN,OI requires: 
C. 67.59; H. 709; N, 6*57x.) 

7-Aceroxy-7-H-dily~~y~~~~ mcth&fidc. The free base (1-O g) in benzene (20 ml) was 
treated with 3 ml MeI. After 2 days the soln deposited I.30 g (97 %) crystalline m&iodide. m.p. 
206” (dcc), [zLrr +141 (MeOH). after 2 crystallizatiom from MeOH+thcr. (Found: C, 52.15; 
H, 6.13; N. 4.78. C,,H,IN,O, 0.5 H,O requires: C. 52-00; H, 5.94; N. 4-85 %.) 

3-Keto-3.4-wNb-nthy~dihydrocorynantheine VIII. A soln of 1.14 g 7-acctoxy-7-Hdihydro- 
corynanthcine mcthicxiide in 40 ml 10% AcOH containing 164 mg AcONa was heated under rctlux 
for 3 hr. Tbc soln was made strongly alkaline with 50% NaOHaq and then extracted with bennme. 
The extracts wcrc washed with water and evaporated to yield 513 mg audc VIII which was crystallized 
from ether to yield 432 mg (55 ya pure VIII, m.p. 208-209”. [&,, -43” (dioxan). Another form, 
m.p. I53-ISY, was sometimea obtained. The IR spactra(chf soIn) of thetwo formswercindistinguIsh- 
able. The IR e showed maxima at 1695 and 1640 an-‘. The Uv spectrum (ether) 307 mc~ 
(6 14.800) 227 pm (36.400) changed to a typical indolc spectrum upon addition of AcQH. In EtOH 
the UV spectrum was that of an indok derivative: 291 rnp (6 = 6.600) 282 (8.020) 221 (47,200) 
& 240 m/r (6 - 14,500). The compound had pK,,’ 942 (SO*/. MeOH-water). The NMR 8pcctrum 
exhibited a sharp signal a( t 8.36 attributed to the N-methyl group. (Found: C. 69.41, 69.36; H, 
7.60, 7.71; N, 7.27, 7.13; mol. wt. 385, 381 (potcntiomctric titration). GH-N,O, requires: C, 
69.32; H. 759; N. 793%; mol. wt. 3985.) 

sodium &ro@fd& rducrion of VIII. The Zacylindok (30 mg) was treated with 50 mg NaBHI 
in 1.2dimcthoxyethanc (10 ml) and stored at room tcmp for 2 hr. The usual workup afforded 45 mg 
(90%) IX, m.p. 17%180”, after crystallization from EtOH or erxtompet ether (3G60”). The UV 
spectrum in EtOH or ether showed dihydrocorynanthcine absorption and the N-methyl group 
appeared at T 7.76 in the NMR spectrum (CDCI,). (Found: C, 69.1s; H. 841; N, 7.22. CuHmNa01 
requires: C, 68.97; H. 8.05; N, 699x.) 
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Ketod&hy& XI. Compound VIII (1.30 g) was heated under rctlux for 25 hr with SO ml 2N 
KOH in 80% MeOH-water. The solvent was evaporated under red. press. and the residue treated 
with 1 IO ml 1N HCl with cooling. The resulting soln was heated under rcflux for 3.5 hr after which 
itwascookdandmadcalkahncwith lO%NaOH. Thcmixturcwasextractedwithchf. Thecombined 
cxtmcts were washed to neutrality, dried over &SO, and the chf evaporated to yield 400 mg (38%) 
crude kaoaldchydc which was used without further puritkation. The IR spaztrum showed absorption 
at 1720 and 1640cm-L. 

Dihydrobwnumicinr. The kctoaldchydc (400 mg) was dissolved in 25 ml 80% MeOH-water and 
ad&d during 10 min to a soln of NaBH,, (400 mg) in 10 ml 80% MeOH-water with stitring at room 
tanp and stirring was continued for 10 min. The mixture was diluted with water and extracted with 
chf. The soln was washed with water. dried over MgSO, and evaporated to yield 32Sgcrudedihydro- 
burnamicine. This was chromatographcd over 30g Wodm basic alumina activity IV and 10ml 
fractions collected. Fractions 1-17 cluted with CH,CI, contained 14 mg oil. Fractions 18-37, 
dutcd with 1% MeOHCH,C&. yielded 31 mg amorphous material. Elution with l-5 % McOH - 
CH,Cl, yielded 212 mg (53%) crystalline dihydroburnamicine contained in fractions 38-100. Con- 
tinued elution with 5% McOH-CH,Cl, yielded 6 mg amorphous material contained in fractions 
IC&120. Fractions 38-100 were combined and crystallized from benzene to yield pure dihydro- 
bumamicinc. m.p. 101-103” [a),,,, +245” (dioxan). The material retains bcnzne which is not 
removed by extended drying in WCIIO at 60” (@I mm). The presence of bcnxcm is apparent in the 
NMR spectrum which shows a sharp signal at T 2.63 and the N-methyl group appears at T 8%. The 
UV spectrum (ether) shows normal 2-acylindole absorption, 307 m/r (8 13.930). changed to a typical 
indolc spectrum upon addition of AcOH. The UV (EtOH) shows 291 m/l (E 7230) 282 (8,400) 274 
(8.150) 220 (39.100) &J, 310 rnp (2.020). Two determinations of the pKa’gave values of 8.96 and 9.08 
(50% &OH-water). Carbon analyses gave uniformly high values and N values were always low. 
This result is undoubtedly caused by the presence of bcnxcnc in the material. A representative 
analysis is presented below. (Found: C. 7384; H. 8.S2; N, 7.98. C&HI,NIO, rquircs: C. 73.14; 
H, 8.59; N, 8.53 %.) 

The picratc was prepared in the usual manner and crystallized from EtOH. It showed m.p. 
216-220’ (dcc) with darkening from 193”. (Found: C, 558S; H. 5.78; N, 12.30. C,,H,,N,O, 
requires: C, 56.01; H, 560; N. 1256%) 


