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htrut-it has been shown that in the ergot alkaloid series 1ht van Rraun reaction is hindcrql if there is a 
substltucnt whtch IS I.3diaxial with respect IO rhc nitrogen lone pair in the prcfered conformation. 

In the course of studies on the metabolism of lysergic 
acid dicthylamide (LSD) I by animal liver microsomes,’ 

we’ had occasion to examine the von Braun reaction of 
LSD 1 with cyanogen bromide, and found that .h;,- 

cyanonorlysergic acid diethylamidc 2 was produced al- 
most quantitalivcly. This result seems to be contrary to a 

widely accepted gcneraliration’ that cleavage of an N- 
benzyl or an N-ally1 linkage takes place prior IO removal 

of an N-methyl group in the von Braun reaction when 
both groups are located at the same nitrogen. This ob- 

servation stimulated us to investigate the von Braun 

reaction of the stereoisomers of LSD 1 and related 
compounds. In the present paper, we wish to describe 

our experiments demonstrating that [he configuration at 

C’. in the substrate is a critical factor. 
At the beginning of this research. we examined the von 

Braun reaction of isolysergic acid d~thylamide’ 

tisol.SD) 3 which is the C. epimer of LSD 1. Treatment 

of isoLSD 3 with cyanogen bromide resulted in quan- 
titative recovery of the starting material. This result is 

quite dtfferent from that obtained with ISD.’ suggesting 

that the configuration at C, position in the starting 
material plays an important role in this reaction. in order 

to establish the generality of the effect. WE examined the 
van Braun reaction on two clavine alkaloids, lyscrgine’ 4 

and isolysergine’ 5. which correspond to LSD 1 and 
isoLSD 3. respectively, in ISD scrics, but in which the 

suhstituent at C, is changed from a diethylamide group ID a 
methyl group. Although lysergine 4 yielded N-cyanonor- 
Iysergine 6 in good yield on treatment with cyanogen 

bromide, attack on isolysergine 5 by cyanogen bromide 

could not be cffccted. and starting material was recovered 
almost quantitatively. demonstrating that although the 
type of suhctitucnts at C, does not affect the result the 
configurations are decisive. If it can be assumed that an 
N-methyl group in the prefered conformation of these 
alkaloids is located at an equatorial position. the preferred 
~t~nf~lrmations of these four alkafoids could be depicted by 
formula 1.3.4 and 5. as in Table I. Tbcre considerations 
lead us IO the conclusion that the von Braun reaction is 
hindered by the presence of a substituent at a C, axial 
position. in other words. at a position I .3-diaxial to the lone 
pair of the tertiary nitrogen atom. This hypothetical steric 

requirement of van Braun reaction could explain the report 
that the ring opening reaction takes place smoothly with 

allomat~neb 7 which bears no axiai substituents. but not 

with matrine* 8 which has two substituents l,3-diaxial (its 
ring C) to the lone pair of the basic nitrogen. 

(7) (8) 

(‘hart 1. 

In order to confirm the above assumption. the von 

Braun reaction of dihydrolysergic acid derivatives which 
have more rigid ring systems was examined. In these 

experiments. the structures of the dcmethylated products 
were established by the following facts: (i) In the mass 

spectrum of the product the molecular peak was ob- 

served at the positiin corresponding to molecular weight 
of the Ncyano-Ndemethyl drrivate. The elemental 

composition of the parent peak was determined from 
high resolution measurements. (ii) In the NMR spec- 

trum, the N-methyl signal was absent. (iii) In the IR 
spectrum, a band due to an NCN group was observed 

between 2208-22SOcm ‘. (iv) The UV spectrum of the 
product was essentially the same as that of the starting 
material. 

In a series of the C/D trans alkaloids. dihydrolysergic 
acid diethylamide (I) 9 and festuclavine 10 which have an 
88 substituent (equatorial) were smoothly demethylatcd 
by lhe von Brdun reaction to give N&cyanonordi- 
hydrolyscrgic acid d~thyl~ide (I) 11 and N-6- 
cyano~~es~clavi~ 12. whik dihy~oisoly~r~c acid 

diethylamide (i) 13 and pyroclavine 14 were recovered 
quantitatively. These results support our interpretation, 
because the latter two have an 8a substitucnt in a 

13diaxiaJ posilion with respect IO the lone pair of Nd 
in the prefered conformation showed in Table I. This 
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Tabk 1. The results of van Bran reaction of lysergic acid dcrivrtives 

observation was also supported by the fact that the 
A’.*-alkaloid having a CID trans ring junction. agro- 
clavine IS. reacted with cyanogen bromide to give an 
Nddemethyl product, N&cyanonoragroclavine 16. 

with respect to 

The situation in a series of the C/D cis alkaloids is 
N 

more complicated. hut provides stronger confirmation of 
our conclusions. Contrarv to the results obtained from 
the experiments on the CiD trans alkaloids. in the series 
of the CtD cis alkaloids those having an 88 substituent, t2ir 

(dihydroly~r~c acid diethylamide (II) 17 and cos Chart 2. 
_. ._ . 

taclavmc 181 weft recovered from the reactton mtxture 
almost quantitatively, but that having an 8a one [di- located at the other 1,3-diaxial position 
hydroisolysergic acid d~thyiamide (Ii) 191 on subjection the same nitrogen. 
to von Braun reaction gave an ~~y~~~dernethyl These experimental facts are enough 
product 29. in the case of the $8 CID cis alkaloids, two substituent at a 1,3-diaxial position with respect to the 
possible conformations must be taken into consideration. lone pair of a tertiary nitrogen atom in the preferred 
In the steroidal geometric forms 17 or 18 about the C/D conformation hinders attack on the lone pair in the van 
ring junctions in these S/3 C/D trans alkaloids, the 88 Braun reaction. ‘DIC preference of the demethylation to 
suhstituents [a methyl or a diethylamide group] occupy a the ring cleavage at an allylic position. the CS-N6 bond 
1,3diaxial position with respect to the lone pair of N-6. in the case of LSD 1 or at the NM’7 bond in the case of 
In the aitemativc conformation 21. the C,&,, bond is agroclavine IS. still remains unexplained. 

to show that a 
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M ps were taken on a hot stage and arc uncorrccred. IR. NMR 

with T.MS as internal reference. UV. and mass spectra were 

dckrmincd on JASCO DS-701 (i. Hitachi-Perkin Elmer R-22 
(90 $1 HZI. EPS.3’1’. Jcol JMSOISC; cpcclromefers. The sranmg 

marerds’ uud in this study wcrc prepared in our laboralory 
from blyscrgic acid purchased from the Sigma Co I.rd. nK 
agrocla\inc wa\ purchased from the Aldrich Chemical Co. Inc. 

General procedure for van Rraun reaction of lysergic acid 
deri\a!i\c\: A \olurion of freshly cublimed RrCN (I mmole; 
106 mg) in CHCI, (IO ml) was slowly added IO a solurion of rhe 

starrmp I>serglc acrd derivatives (0.1 mmok) in CHCI, (2Omll 
under r&n. After comple!ion of the reaclion was conlirmed by 
monircwing on T1.C (Id h). Ihe snlurion wa\ cooled. washed wirh 

sarurzled aq. SaHCO,. dried over anhyd. Na,SO.. and 
evaporarcd 10 dryness in PUCYO. The rcsduc was chromaro- 

graphed on neutral alumtna (Brockmann) Elution with bcnzene- 
acelonc (9. I J lo give pure products. 

S,-(‘yonol~rtrxic arid dinhylamidt 2. Trearmenl of El mg of 

I.SD 1 b) the general procedure gave 77mg of N.-cyanonor- 
I)scrgI; acid duthylamldc 2 a cdourk\s ncedks. m.p. I87-181p. 
u hlch uere recryslallized from crhyl acerare IR vz: cm ‘: 22w 
(S-<‘-.S). 1639 (amide). SMR (CIX’I,) b. I I8 (3H. 1. J = 7 Hz. 
Cl12(‘lj,), 1.29 (3H. I. J = 7 Hr. CH,CIj,l. 3.M.O (5H. m. aliphalic 
H).3.47(QH.a.J = 7Hz.CON(CH~CH,),).4.19(IH.m.C~H).6.30 

(IH. 5. C,H). 6.93 (IH. s. C,Hi;7.16 i3H. ml aroma& Hi. 8.30 

(IH. hr. \. NH). UV A::” nm (log c): 313 (3.98). High Resolurion 
%!a\\ Spcclrum. 334.179 (M’. loO;t) (C&,N,D requires: 
334.1793). 234.1018 (.M’-CONEr,. 65%) (C,,H,,N, requires: 

2.341031). 207.01325 (M’-CHI-CHCONEI,. 6O?G) ((‘,,H.S, 
require 207.Ol?OO) 

N..(‘~anonorl~srrinr 6. Trealmenr of 25 mg of lysergine’ I by 
rhc general procedure gave 24.5 mg of .~.-cyanonoriyscrgine 6 as 
coIourk\s needles. m.p. 227-2-v. which were rccrysrallized from 

erh!l acerarc. IR Y~Z cm ‘. 2240 (N&h’). SMR (CDCI,) 6: I.19 
(3H. d. J - 7 HI. CHXlj,). !.7-3.6(6H. m. ahpharlc HI. 6 31 (IH. 
hr d. J = 6 Hr. C.-H). 7 00 (IH. s. C,-HI. 7.22 (3H. m. aromalrc 

HI. 8.02 (IH. hr \. NH). LX AE:.*‘nm (logr): 313 (3.96). High 
Re\olurion Mac\ Spectrum: 249.1258 (Mm, 1oosE) (C,.H,,N, 
require\. 249.1266). 234.IOL~ (M’-CH,. CCX) (C,,H,,S, rcquues. 
!Y.I03I). 

N,.~‘yanonordih~drol~sc~ic acid dirrhylamidc (II 11. Trcar- 
mcnl of 30 mg of dlhydrolywrgic acid dicrhylamide (I)’ 9 by the 

gcncral procedure gave 26 mg of .+zyanonordihydrolyscrgic 
acrd dlethylamide (I) 11 as colourkss needles. m.p. 17&1790. 
u hich were recrysralhrcd from ethyl acerare. IR YZZ cm ‘: 2233 
(ti-GN). 1625 (amide). NMR (CDCI,) b: 1.24 (6H. I. J = 7Hz. 

CON(CH:Clj,~,l. I &!.I (5H. m. alipharK H). 3.h3.3 (4H. m. 
ahpharic HI. 3 ib (4H. q. COS(Cfj,CH,),). 698 (IH. s. C,-HI. 
730 (3H. m. aromatK HI. X.15 (IH. hr s. NH). UV Az?nm 
(10~0: 276 (3.791 \h. 2U2 (3.82). 292.5 (3.73). High Resolution 
&tax\ Spccrrum: 336.1958 (M(‘. 25%) (C&lH,.N.O requires: 

33f.1950). 236 11% (M’CONEI,. 36) (C,,H,.S, rcquues. 
I67 0735). 

.V..(‘yanonorfrsruclarrnr It. Trcalmenr of 20mg of fes- 
Iuclavmc’ IO by rhe general procedure gave 18.5 mg of N.- 
cyanonorfe\ruclavine 12 as colourkss prisms, m.p. 27S-27%“. 
which were rccr)stdlixd from ethyl acetare. IR Y:,’ cm ‘: 2230 

(N-CaN). NMR (CDCI,) 6: 1.03 OH. d. J = 8Hz. >CH4Xj,). 

I.&l.8 (3H. m. aliphatic H). 2.63.6 (6H. m. alipharic HI. 6.93 
(IH. s. C,-H). 6.9-7.2 (3H. m. PromaGc H). 8.Oa (IH. hr. s. NH). 

UV Azmnm (logr): 276 (3.80) sh. 282 (3.83). 293 (3.74). High 

Resolution Mass Specmrum: Ul.1433 (M’. lm) C,.H,,h, 

requires: 251 1423). 
5..C,vanonomgmclariec 16. Trcarmenr of 5Omp of agro- 

clavinc’ 15 h) rhc general procedure gave 46.5 mg of .v.- 

cyanonoragroclavme I6 as cdourkss prisms. m.p. m-209’. 
which wcrc recrysralhzed from ethyl acetate. IR ~2: cm ‘. 2231 
(SXmN). NMR (CDCI,) 6: I.80 (3H. s. vinyl CH,). 3.s3.2 (3H. 
m. C,-. C,- and C,sH). 3.69 (2H. I. C,.- and C,.-H). 3.70 
(IH. m. CcH). 6.24 (IH. d. J .- 2 HI. C-H). 6.96 (IH. d. J = 
2Hz. C,-H). 7.G7.3 (3H. m. aromatic H). 8.03 (IH. hr. P. NH) 

UV Azynm (loge): 277 (3.83) sh. 284 (3.840. 293 (3.80) HI& 
Resolulion Mass Spccrrum: 249 1272 (M’. 1-j (C,.H,,N, 

rcqulrcs: 249.1266). 234.1022 (\I’-CH,. 74) (C,,H,:h’, requires: 
234.1031) 

N.-Cyanonordihydroiso/!s~~ir acid dieth~lamidr (IfI 
20. Trealmcnr of 23 mg of dihydroisolyscrgic acd dwrhylamtde 

(II)’ 19 by the general procedure gave 2Omg of S,xyanonor. 
dlhydroisolywrgic acid d*thylamde (II) U as colourk\s 
needles. m.p. l9lLMI’. which were recry$rallized from erhyl 

accrale. IR ~zcrn ‘: 2228 (S-CrN). 1635 (amrdc). NMR 
(CDCI,) 6: I.08 (3H. I. J 7 7 Hz. CONCH,Cfj,). I.31 (3H. I. 

J - 7 Hr. CONCH,CY,). I.&!.! (SH. m. ahphatrc HI. 3.1-3.5 

(4H. m. alipharrc HI. 3.38 (4H. q. J = 7 Hz. CON(Cfj,CH,&). 6.85 
(IH. s.CrH).6.~7.1 (3H. m. aromatic H). 8.16(IH. hr. \. NH). 
UV A”““’ nm (loge). 277 (3 78) th. 283 (3.81). 293 (3.74). High 
Resoluxn Mtis Spcclrum: 336.1941 (M((’ . 23%) ((‘,H,.N,O 
requires: 3.X1.1950). 236 II82 (Mc(‘CONEt,. 4%) (C,,H,.N, 

0 require : 236.1188). 167.0710 ( /‘~:i . ~~o$z+j (C,,H& 

u;: 

requires: 167.0735). 

Rcrul~s on ~hc ncowrcd marrriair Trearment of 39.5 mg of 

isolyscr@c acid dierhylamide 3. 5.1 mg of isolyurgrne 5. IO 3 mg 
of dihydroisolyscrgic acid dKrhylamidc (I) 13. 49mg of pyro- 
&vine 14. 15.0 rn8 of drhydrolysergk acid dicrhylamide (II) I?. 

and 3.4 mg of coslaclavine 18 b) lhc general procedure resulrcd 
in recovenng 37.5 mg 3.4.7 mp, 5.9.7 mg 13.4 .( mg 14. I4 I mg 17 

and 3.1 mg 18 rcspcclively. 
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