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AMmct-Tubcrostemoniiae. the mrjor ~WOKJ of S~enwna rnbcrosa Lour.. bs baa proved by chemial 

methods to hve tbe novd structure la. 

THE isolation of tubcrostemonine, the major alkaloid of Sremo~ ruberoscl Lour. 
(Roxburghiaccac) was first reported by Suzuki’ in 1934. A base obtained from 
Sremo~ sessifofia Fran& was investigated by Child,’ and this was later observed’ 
to bc identical with tubcrostcmoaine. A succession of reports of exploratory invcsti- 
gations concerning the alkaloid cnsucd, mainly from the laboratotics of Kondo and 
Suzuki. The chief conclusions drawn from these carlicr investigations can be sum- 
mar&d as follows: The alkaloid has the empirical formula C,,H,,O,N.‘* ’ It 
contains a tertiary nitrogen, probably incorporated in a pyrrolidine ring system,’ 
and posstsscs two y-lactone rings’ The compound is without C< double bonds’ 
Z&cl determination indicated the absence of N-Me or N-alkyl groups.’ 

In a preliminary communication,6 published in 1961, we have establishad the 
structure of tubcrostcmonine as I (a or b). With the structure of the alkaloid thus 
clarified, Uyco et af.,’ the following year, identified the indok (II), obtained from the 
palladium dthydrogenation of tubcrostcmoninc. The isolation of a diethyl indole 
parallels our own expcricncc in the palladium dchydrogcnation of the diol III 
obtained from tubcrostemonine in several steps* 

Edwards’ later examined the NMR spectrum of the pyrrok derivative IV, using 
the spindccoupling tcchniquc with a view to deciding between the structures Ia and 
Ib. He found that the proton on C-10 of IV gives rise to a triplet. and concluded that 
the structure Ia is the correct rcprcsentation of tuberostemonine. 

In this paper we present a full report of our chemical investigations, on the basis 
of which the structure of tubcrostemonine was proved rigorously to be Ia. The 
ruznt X-ray studics of Uyeo er al.” confirm the formulation Ia originally proposed 
on the basis of chemical evidence in our 1961 communication.6 

The alkaloid, on rccrystall~tion from methanol, was obtained as colourkss 
prisms, m-p. 66-68”, C22H,30,N*CH30H. Methanol was readily lost from the 
crystal structure on warming in wcuo and fmc colourlcss crystals of tubcrostcmonine 
resulted, m.p. 8688”. C,,H,,O,N, pK - 6.4 (60% ethanol). 

The base shows no W chromophorc. The prcscncc of two y-lactone rings was 
confirmed by saponification cxpcrimcnts, and by the IR absorption at 1765 cm- ’ : 
when the alkaloid was rcfluxcd with slightly more than one equivalent of cthanolic 

l Present &drew: Phamu-Resurcb -A& Ltd., Pointc Clurc. P.Q. 
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potassium hydroxide, a product resulted whose IR spectrum still showed strong 
lactone absorption; the latter disappeared after refluxing with two equivalents of 
alkali. The NMR spectrum. of the base reveals three C-Me groups. A poorly resolved 
triplet (three protons) centered at 9-02 r corresponds to the Me protons of an Et 
group. Two sharp peaks at 863 and 8.77 r (6 protons) are shown below to be two 
superimposed doublets rather than two unsplit C-Me’s. Their chemical shift suggests 
that they may be located a- to the lactont carbonyls. A multiplet at 5.62 T corres- 
ponding to two protons is attributed to the secondary ILhydrogen of each lactone. 
An alternative assignment of this signal to two primary y-hydrogens on one lactone 
ring was excluded by degradative studies (Fide i@z). 

Our own investigations corroborated the conclusion of Kondo’ that tubero- 
stemonine contains no C C double bonds. Thus, in addition to the two y-lactones, 
the alkaloid possesses three rings, at least two of which are heterocyclic. 

Mild oxidation of the base had been reportedz*” to yield a neutral compound, 
C12HIPOIN which showed a positive reaction for pyrroles by the Erlich test. The 
same product is produced by air oxidation of tu~rostemon~e on standing for 
several months, and may be isolated from the mother liquors of the crude alkaloid. 
We have obtained this pyrrole in the latter manner, and assign to it the structure IV. 
The presence of the lactones is manifested in the IR absorption at 1760 cm’- I. The 
UV spectrum exhibits maxima at 234 mu (E 10,900) and 278 mu (E 1500). The substi- 
tution pattern of the pyrrole was clearly demonstrated by an analysis of its NMR 
spectrum. A single pyrrole l3-proton appears at 438 T, split into a narrow doublet 
(J = 2.2 c/s, I:3 split). Whereas in the spectrum of tuberostemonine the lactone 
y-hydrogens appear as a two-proton multiplet at 5.62 T, the latter protons in the 
pyrrole IV give rise to two one-proton signals at 461 and 539 T. 

The fact that only one of these hydrogens is significantly deshielded by the pyrrole 
nucleus is evidence that the y-protons are on different carbons. Clearly the oxidation 
product (IV) contains a 1,2,3,5-terra-substituted pyrrole nucleus, and one of the 
lactone functions is attached to the latter in such a way that its y-hydrogen is strongly 

l Unless otherwise spmlkl. all NMR spectra arc measured rn CIXI, with ‘TMS as mternsl dcrcncz. 
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deshielded. The methyl protons of the ethyl group display a triplet centered at 8.96 I, 
and the doublets corresponding to two C-Me groups (superimposed in the tubero- 
stemonine spectrum) now appear, resolved, as a quartet of peaks at 854, 860. 8.67 
and 8.70 T. 

Further information about the environment of the nitrogen and the nature of the 
Me groups was extracted from a study of the permanganate oxidation’~** ‘* of 
tuberostemonine. This reaction was reported as giving rise to I-methylsuccinic acid 
([alp.’ - 2003”) (d ioxan) and a neutral compound, m.p. 135-138”. Of the formulae 
advanced by Schild’ and Kondo ” for this product, we have found that of the former 
author, C,,H,,O,N, to be correct. and our analytical results indicate further the 
presence of two C-Me groups. IR absorption at 1765 and 1685 cm-’ confirms the 
presence of y-lactone and y-lactam functionality, respectively. The NMR spectrum 
of the lactam (V) exhibits a doublet for one C-Me at 8.70 T. and still shows the Me 
protons of the Et group as a triplet at 903 r. We are thus provided with convincing 
proof that the two deshielded C-Me groups of tuberostemonine are located at 
different carbons and that both are doublets. The formation of a y-lactam, and the 
simultaneous loss of one of the y-lactones as methyl succinic acid, in addition to the 
evidence accumulated from the pyrrole IV. indicate that in the alkaloid, one pyrro- 
lidine acarbon is connected to the y-carbon of one of the lactones. It may be noted 
that the C,, lactam and methylsuccinic acid together account for the complete 
carbon content of the alkaloid. 

The Grignard reaction of tuberostemonine opened the way to a series of valuable 
diagnostic experiments. Treatment of the alkaloid with excess PhMgBr furnished a 
crystalline product. C,oHS,O,N. Three Ph groups have been incorporated, and the 
IR spectrum shows strong OH absorption at 3500, a low intensity band at 1605 
cm ‘, and the absence of any CO absorption. UV maxima are at 257 mu (E 1900) 
and 276 mu (E 1580). The presence of 15 aromatic hydrogens is clearly demonstrated 
in the. NMR spectrum (26&284 1) and a signal at 5.82 T, corresponding to one 
proton, can be attributed to a secondary hydrogen z to a hemi-ketal ether oxygen. 
In the absence of the deshielding influence of the lactone carbonyls, the three C-Me 
groups give rise to signals between 8.92 and 9.15 7. The question of which lactone 
had reacted with only one mole of the Grignard reagent was clarified by oxidation 
of this product with chromium trioxide in pyridine. From the resulting acidic fraction 
benzoic acid and a substance, C,,Hi602, were isolated. The latter was identified as 
y.ydiphenyl-8-methylbutryolactone (VII) on the basis of spectroscopic evidence, 
described in the experimental section. This and later evidence lead to the structure 
VI for the Grignard product. 
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VI 

Treatment of VI with acetic anhydride in acetic acid at room temperature afforded 
a crystalline anhydromonoacetatc, C,,H,,O,N. IR absorption at 1735 cm- I. and 
a three-proton singlet at 7.85 7 in the NMR spectrum, demonstrate the presence of 
the O-acetyl group; a one-proton’multiplet at 4.81 7 shows that the acetylatcd OH 
is secondary. As a consequence of tbc dehydration, one Me group is now located on 
a C< double bond, and this is manifested as a sharp 3-proton singlet at 8.10 T. 
The remaining two C-Me groups appear as a multipkt at 8.81-9.13 T. The compound 
exhibits a UV chromophort at 280 rnp (c 9900). Failure to isolate benzophcnone 
upon treatment of the anhydro compound with a variety of powerful oxidizing agents 
proved that the elements of water have been lost by the hcmi-acetal system, rather than 
by elimination of the C-19 hydroxyl. These data c8n be accommodated by the struc- 
ture VIII for the anhydromonoacetate. 

Distillation ofVIl1 in high vacuum gave rise to the crystalline ether IX, CIOHI,OIN. 
The loss of acetic acid, suggested by the analytical result. was confirmed by the 
absence of acetyl peaks in tbc IR and NMR spectra. The substituted styrcnc chromo- 
phore was still evident at 281 mp (e 12,000). The NMR spectrum shows 15 aromatic 
protons between 261 and 2.84 7, a 3proton singkt at 8.12 7 for the Me on the double 
bond, and a 6-proton multipkt at 890-9.32 r for the rcmaGng Me groupa Ether 
formation is indicated by the absence of vinytic hydrogcns in the NMR, and by the 
lack of OH absorption in the IR. 

When refluxcd with aqueous ethanolic hydrochloric acid, IX added a mokcuk of 
water and yielded the hcmi-ketal X. C,OH,PO,N. which had no styrcne chromo- 
phorc. X exhibited UV maxima at 252 mp (e910). 258 mp (E 940). 263 mp (~730) and 
268 mp (8 410). Further evidence for the addition of water to tbc doubk bond of IX 
was provided by the disappearance of the NMR Me singlet at 8.12 7. X could be 
reconverted to IX under the action of acetic anhydride 

When VIII was oxidized with chromium trioxidc in acetic acid, the methyl ketone 
XI was obtained, which showed IR absorption (CHCI,) at 3400 and 1723 (sh) cm-‘, 
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corresponding to OH and acetate, rcspcctively, and a strong peak at 1715 cm-’ for 
the ketone and bcnzoatc. w maxima were obscrvcd at 270 w (u 1200) and 281 rnp 
(e 810). The functionality of XI was clearly established by its NMR spaxrum: two 
protons at 2+8 T represent the ortho hydrogcns of the benzoatc; the 13 remaining 
aromatic hydrogcns appear between 2.54 and 2.89 T. The secondary hydrogen a to the 
bcnzoate, expected to absorb at 4.88 I, is dcshieldcd by the methyl ketone in the 
pposition to 454 1. A one-proton multiplet at 491 T is in agreement with a secondary 
acetate, and singkts at 7.89 and 792 t account for the acetyl group and the methyl 
ketone. Attempted recrystallization of XI resulted in the loss of bcnzoic acid. 

Elution of XI through a column of basic alumina with benzeneether effaztcd the 
elimination of the elements of bcnzoic acid and hydrolysis of the acetate, yielding 
an u&unsaturated ketone (XII), C,,H,,O,N. XII exhibited IR (CHCl,) OH 
absorption at 3400, and peaks at 1670 as well as 1640 (w) and 1620 (w) cm-’ are in 
accord with the CO and C< doubk bond absorption of an a&unsaturated ketone. 
The W spectrum shows a maximum at 225 rnp (8 12,000). The bhydrogcn of the 
unsaturated ketone gives rise to an NMR doublet at 3.37 7, the methyl ketone peak 
appears at 769 T and the remaining two Me groups are shown as a multipkt at 
8.82-9.15 T. 

Refluxing of XII with mcthanolic potassium hydroxide in the presence of air 
furnished basic and acidic material. The latter fraction crystallized from ethanol, and 
was identified as y,ydiphcnyl-&mcthylbutyrolactone (VII), identical with a sample 
obtained from the oxidation of VI. Chromatography of the basic fraction yielded, 
in addition to starting material, a pak yellow crystalline compound XIII, C,,H,,O,N. 
The IR spectrum (CHCl,) shows OH absorption at 3600 and 3400, and a peak at 
1680 cm- ‘, correctly located for an aromatic ketone. 

& 

XIII 

W maxima at 252 rnp (8 17,800). 275 m(r (sh) (8 8700) and 354 mp (a 1900) rcpruunt 
a typical orrho- or meto-aminoacetophcnone chromophore On protonation of the 
nitrogen by the addition of 1N HCl, W maxima wcrcobscrvcdat252mp(81~) 
and 282 mp (e 3200). absorption characteristic of an alkyl substituted acetophcnonc.” 
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The NMR spectrum of XIII reveals 11 hydrogens in the aromatic region at 2.49 
2.77 7. proving that the newly formed aromatic ring is penta-substituted. The methyl 
ketone peak at 7.47 T is in agreement with an acetophenone, and a C-Me triplet 

(J, = 6.6 c/s) is centered at 8.82 T. the expected position for an ethyl benzene. 
The remaining C-Me doublet appears again at 9.10 1. 

The W evidence alone was not sufficient to differentiate between an ottho- or 
meto-aminoacetophenone; however, a study of the shifts of the single hydrogen on 
the newly formed aromatic ring in the NMR spectra” of a number of derivatives of 
XIII, helped to clarify the substitution pattern. Only a hydrogen otrho to the acetyl 
group would be expected to be significantly deshielded in the NMR spectrum of 
XIII in acidic medium. The smalkr deshielding effect on a mero or pura hydrogen 
would be compensated by the shielding inIIuence of the alkyl substituents The 
spectrum, taken in CDCl,/HcI, exhibits, besides 10 protons at 2.78 r. a one-proton 
singlet at 2.33 z+orresponding to the predicted position for a proton otrb to the 
acetyl group. 

Reduction of the CO group of XIII was effected with sodium borohydride in 
methanol, and afforded the corresponding trio1 XIV. The IR spectrum (CHCI,) 
showed OH absorption at 3600 and 3400 cm- ’ and the absence of CO absorption. 
UV maxima appeared at 254 mu (E 3900) and 269 mu ( c 1850). In acidic solution 
the UV spectrum displayed maxima at 253 mu (E 1300), 269 mu (E 1580) and 277 mp 
(E 1580). The NMR spectrum of XIV exhibits a l@proton peak at 2.78 T and a one- 
proton singlet at 3.36 r. Such a marked upheld shift can only arise if the hydrogen 
is either orrho or pura to the amino group. Since it must also be ottho to the acetyl 
function. it follows that the relative position of the acetyl and amino groups is meta. 

The evidence accumulated to this point allows the assignment of the partial 
structure XV (a or b) to the alkaloid. 

XVb 

An alternative formulation, with a bridge between the N atom and C-8 or 10, and 
the appropriately relocated Et group, is incompatible with the properties of the 
aromatic derivative (XIII). 

The nature of the remaining four C atoms was ascertained by a study of the von 
Braun degradation of the alkaloid. Kondo er al.” reported the isolation from this 
reaction of a substance, m.p. 200-202”. When we treated tuberostemonine with 
cyanogen bromide, a product XVI was obtained, CaaH,,O,N*BrCN, m.p. 8&85”. 
This compound showed a strong cyanide band at 2200 cm-’ in the IR, in addition 
to the lactone absorption at 1775 cm-‘. A 2-proton multipkt at 5.52 T in the NMR 
spectrum corresponds to the two y-hydrogens of the lactones. A one-proton peak at 
6.16 t was attributed to a hydrogen a to the cyanamide which is further deshielded 
by the B-influence of one of the lactones. A 3-proton signal centered at 666 T repre- 
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sents the second hydrogen a to the cyanamide as well as the two protons a to the 
bromine. 

XVI: X=& 

xvu 
XVJI XaOAc 

That this assignment was in fact correct was demonstrated by converting the 
primary bromide into the primary acetate XVII, C2,H,,0,N,, with silver acetate 
in pyridine. Two of the hydrogcns comprising the 64% r signal arc now shifted down- 
field to 6f)3 r as expected. Thus the secondary nature of the third carbon attached 
to the nitrogen is established. 

The arrangement of the three C atoms remaining unaccounted for was determined 
by a modified Kuhn-Roth’” oxidation performed on XVIII, the LAH mduction 
product of XVI. The acids thus obtained were identified in the form of their methyl 
esters by WC. Whereas tubcrostemoninc under similar conditions had yielded only 
acetic and propionic acids, XVIII gave rise to acetic, propionic, butyric and vakric 
acids. 

This evidence supports the structure XVIII for the reduced von Braun product, 
and allows the assignment of the formulation I (a or b) for tubcrosttmoninc.* 

At this stage we felt that a rigorous corroboration of the structure, as well as the 
removal of the remaining ambiguity, could best be achieved by degradation of the 
alkaloid to an indole retaining the desired structural asymmetry, followed by 
synthesis of the latter. It has already been noted that dehydrogenation of tubero- 
stemonine derivatives containing oxygen functionality in the side chains leads to 
the formation of diefhyl indoles, ‘** lacking the desirod asymmetry. To overcome 
this, the lactam V was reduced with lithium borohydride, giving rise to the lactam 
diot XIX. C,,Hz903N; and the latter was converted to the dibcnzoatc XX, 

XXI 
XIX. R. H 

xx: R=COPh 

l The numbering sysfcm tmployai is fhaf adopti by Edwards’ based off the system given for wzpiffo 
3.2.1-h; indok UI Parrerson cr ul. (A. M. Pattenon. L. T. CapelI and D. F. Walker. The Ring lo&x. 
Amencan Chamal Soaefy Publicationa Warhtngfon. 1960). 
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C,iH,,O,N. Pyrolysis of XX at 32&330” in a nitrogen atmosphm furnished a 
mixture, rich in the oldin XXI, as indicated by its NMR spectrum. The product was 
not isolated. but was reduced directly with LAH to XXII, which again was not 
subjcctcd to further purification. XXII was dchydrogenatcd by heating with a PdC 

XXI XXIII 

catalyst in a sealed tube under nitrogen at -230”. Neutral material was scparatcd, 
and chromatography of the resulting colourless oil resulted in the isolation of the 
pure indole XXIII (4% overall yield from the bcnxoate Xx). The IR spectrum (CCI,) 
showed a sharp, medium intensity peak at 1165 cm- ’ (not prcscnt in the spectrum 
of the corresponding dicthyl indolt). UV maxima occur at 227 rnp (e 32,600), 276 mu 
(e 9100). 286 mu (sh, E 7900) and 297 mu (sh, e 5200). The NMR spectrum (CCI,) was 
highly diagnostic, showing a pair of doublets at 3.27. 3.32 r and 3.73, 3.78 I for one 
a- and one g-indole hydrogen.” respectively. A one-proton singlet at 3.44 K rcprc- 
scnts the single bcnxcnoid hydrogen. The two protons on C-4, a to the nitrogen, 
appear as a poorly rcsolvcd triplet ccntcrcd at 5.84 r. A 5-proton multipltt extending 
bctwcen 6.85 and 754 T can bc rcsolvcd into a triplet ccntercd at 6.95 T and a quartet 
ccntercd at 7.34 T. and amunts rcspcctivcly for the bcnzylic metbylenc protons on 
the 7-mcmbcrcd ring and those on the Et group, as well as the single isopropyl 
bcnzylic hydrogen. A 9-proton multiplet at 8.62-8.98 T reprcscnts the three C-Me 

groups. 
The mass spectrum of XXIII shows a molecular ion peak at m/e 241. The base 

peak at m/e 226 corresponds to the loss of a Me group. 
Comparison with a synthetic sample of XXIII, prepared by an unambiguous 

route.‘8 revealed complete identity of the two, as cstablishcd by IR. UV, NMR and 
mass spcctromttry, and by TLC. The m.p. of the “natural” indolc XXIII was un- 
depressed on admixture with the synthetic material. Thus, the carbon skeleton of 
the lactam V is confirmed. and the structure of tubcrostcmoninc has been rigorously 
established as Ia The alkaloid is representative of a novel structural class. 

EXPERIMENTAL 

Mps were d etcrminai on a hoc stage rppara~us, and are uncorrected. IR rpaztn VCR recorded oa l 

Pcrkin-Elmer Model 21 Infrared spcctropbotometa. and a Pcrkin Elmer lnfruord Model 137B spacuo- 

photometer. wing KBr pclle~s exccp~ where otherwise stated. UV spectra were obtamcd in 95% EtOH 

soln on a Beckman DK-2 spcctrophotomcter. NMR spectra were measured with a Varian Associ~ta 

S64 MC/~ spcctromcta. The au.ss spectra were obtained on a Hitachi Pcrkin Eloacr RMUdD - 

spectrometer. Microanrlysc~ were performed by Dr. F. Pas&a. Mikroutalytischa IAoratoriurn Bonn. 

W. Grmany. aud by !+ang Microanalytical Laboratory. AM Arbor. Michigan. 

Sti ~ubcrostanonirac under- auto-oxldatioa oa exposure to air (ti acpob the alkahnd was always 

ratystallizrd immaiirtety prior to use 
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‘Tbc~oidwucx~~rdioglotbcprocodurr~Koodoaol.”Tbcpurt~mp.8688’, 
wu obfained by -Iion from McOH md ether. rad drying for 3 dryx at 60” in vacuum (Fouod : 
C 7032; H. 921; 0. 17.28; N. 3.83; C-Me. 8.81. C,,H,,O,N rquira: C. 7037; H. 8%; 0. 17B; 
N. 3.74; 3 C-Me, 12O%j 

The mo&cr lquon from racryrullixation d tuberostcmoninc furnished colourkss aystxls of IV. 
mp. 17Cln”.“(Found:C71~;H,7~82;0.17~~0;N.3~87;C-M~863.C,,H,,0,Nrsquirrs:~71~14; 
H. 7.87;0. 17.32; N. 3.78; 3 C-Me, 12.1%). 

Permanganalc oxidaion oftubwormwnine’ 

A soln d the K AI of ~uberos~cmoninc vu prepuu! by tbc addition of KOH (4+l g) in water (80 ml) 
to rbc xlkalotd (Sag) dissolved in McOH (25 ml). xnd wrrming the mixture for I hr on x WIIQ brth. Wbcn 
cool CO1 was m into the soln until tbe pH vu between 7 and 8 xnd most of tbc McOH wax rbcn 
removed in vruum Tbc soln vu coolad to (P in ia+uh, md 2% KMnO.4 (SOOml) vu tided wilh 
flicicnt stirring during 4 hr. Tbc mixture was m&k slightly xcidic by rdditioo of 2N HISO,. and SO, 
wu m in until fbc brown ppt of MOO, dinolvcd The resulting ckar yellow soln WM cxtrxcted 
thoroughly with CHQ,. md tbc cxlracts were wasbed several tima with NaHCO,q to sqnntc lcldic 
nutcrixl. The org8nic phxsc. xffa vubing lad drying yielded lag of yellow oil. Crmintion from 
CHCl,-isopropyl ether rflordal the hydrate of V. mp. 128.133”. (Found: C 6620; H. 8.81; 0. leS3; 
N. 509. C,,HI,O,N*H,O requires: C 6599; H. 8.80; 0.2069; N. 4.35Ya Water dcrys~Gzauon was 
rbecat in a subhnxd rrslpk; m.p. 135 138’. (Found: C 6992; H. 895; 0. 16.30; N. 4.77; C-Me. 94. 
C,,H,,O,N~uirrr:C.7007;H.865;0.16J7;N.4~81;2C-M~103~~ 

Tbc NxHCO, aoln. tin xcidifiation. ykMd 2.26 g of brown rain by ex~ustin ctber cxcrrction. 
Cryrulltition from baurcae dfordcd I-methylstiic rcid. mp. IO%1 lo”. (Found: C, 45.38; H. 6.21; 
0.4854 C,H,O, nquira: C, 4546; H. 6.10; 0.4844%) The dimethyl utcr was obrrinbd by trutmcn~ 
of I -mcthylruccinic acid with diuomahxnc [ x]p - 1258”. 

Radon o/ruberosmwnine with phenyl mn~ntstw bromide 
Tubcrostcmoninc (1 I.25 g) dixxolval in dry tic (500 ml) wu ti slowly to xn elbaal xoln of 

pbcnyl GrQpmrd rapt, prrpued from Mg turniog (3.24 g) lad bromobcnxcnc (21.7 g) Tbc mixlure 
Vu f&uXad Wilh &ti~g for 20 hr. 11 WU tbc?n pOu& UUtiOUdy i11l0 1 rOh Of NH4a (7.5 0) ti i~+Wxlrr. 
lad tbe mixture wxs nlr8cta! WillI benzene. rbe extract!S were washed suozeui nly with 5% NxOHxq 
xod water. xnd &r drying over N+SO,. the solvent was removed Cryxullintion d Ibc &UC from 
ether dfordcd 1166 g of VI. mp. 160-166’. After reputed recrysullizations from EtOH, the product 
melted xt 17118P. (Found: C. 78.52; H. 8.27: 0. 1089; N. 248; C-Me_ 627. C,,,H,,O.N Faquira: 
C. 78-77; H. 843; 0.1049; N. 2.30; 3 C-Me. 7.4%). 

Chromium rrioxidc oxidafion 0jVl in pyridine 
Grignxrd product VI (I40 g) was dissolved III dry pyridinc (25 ml) md uldal IO x cookd slurry d CrO, 

(3.S g) III pyridinc (50 ml). Tbc mixrure was stirred at o^ for 2 hr. rnd then xl 2Y ror 16 hr. xfter which the 
pyridinc vu rcmovsd in MCUO. The residue was dilutd with wa~cr and 50% NxOHrq vu uided; tbc 
strongly xlkrlinc 4ueoux soln was then subjected to continuous ether extmion for 32 hr. Enporation 
derber yielded SOS mg of neutral material. 

Tbc aqueous soln was mrdc acidic by addition of 20Y0 H,SO,. xfkr which contiauou~ ether extnction 
xffordaJ 235mgofridicproduct 

The ocutrxl rutice wax rcfluxed with 5% &olic KOH for I hr. whereupon it yielded 121 mg 
xnd 331 mg d neutral and acidic fnctionr rcspecriwly. The combined acidic nuterA (567 mg) wxs 
subjected to chromrtognpby on xibcic rcid (20 & Elution with bcnxmc gave I white foun (A) which 
uys~~llizzd (178 mg) from EfOH, mp. 14&141’. (Found: C 802s; H, 7.10; 0. 12.79; C-Me. 592 
C,,H,,OI requires: C. 8092; H. 6.39; 0. 1268; I C-M+ 5957’ !+~nSation Equinht -Found: 
2S3 ; Cdc 2S2.3. 

Elution with hcnzme- McOH(200:l)yicMcdbcruoic~(l80mdm.p. 121-122’.C,H,O,.ida1tif~d 
by spectroscopy xnd by compuison nth xn l utbcntic umpk. 

(A) was identifzd u VII on tbc buis of spectroscopic cvidcna. IR. I780 (kctonc). I605 an-’ (w). 



2640 M. G&-z. T. B&al. A. H. GUY rod G. M. SIWJNZ 

UV maxima. 253 mu (c 530). 258 mu (c 650). 264 mu (c 508) and 268 mu (c 320). The NMR spatrum 

shows a multiplet a~ 263 2.74 r for tbc 10 aromatic bydrogcns. and a 3-proton doubkt for the C-Me at 

997 r (I - 65 c/s) It exhibits also an ABX type pattern.” with the qunet for the X protoo czntcnzd at 

662 r. and peaks for rhc A and B protons ante& at 752 r (J,, = 16.4 c/s) It is clear from inspection 

of a model of VII thar the uncxpccmdly low posumn of the X proton an be due to long-range dahrcldmg 

by one of the aromauc nuclei. 

Actrylation o/ V1 
A soln of VI (IO g) in glxcial AcGH (100 ml) rod AcsO (100 ml) was xt rndc at 25. for 17 hr. After 

evaporation to dryness in 1~10. trituration with Isopropyl ether alforded 100 g of cryslllline product. 

Rarystallixarion from isopropyl ether rllordcd VIII. m p. 8s93’ (Found: C 79%; H. 8.45; 0. 1005; 

N. 20S;CMc,8~83;OAc, S91. C,,H,,O,N requires: C. 7959; H. 8.11; 0.1010; N. 2~21~4C~Mc.9~50; 

I OAc. 680 %,. 

Pyrolysis o/VIII 

Anhydromoooaautc VIII (700 mg) was distilkd at 260.300’,01 mm. Tbc yellow glassy dirtillate 

crystalliad from MeOH. xBording 297 mg of crystalline ether IX An anxlytially pure sampk melted a~ 

16%165’. (Found: C. 83.81; H. 7.93; 0. 5.38; N. 2.38; C-Me. 707. C,,H,,O,N rqulra: C. 83.72; H. 

8.2s; 0. 5.57; N. 2.45; 3 C-Me. 7.85 Y<). 

Hydtolion of IX 
Ether IX (220 mp) was afluxed in EtOH (SO ml) coomining IN HCl (1.2 ml) for 2 hr. Removal of 

solvent. sod crystallization of the rcslduc from ErOH yielded the hydrochloride of X (205 mg) After four 

rarystnlltitions from EtOH. the product melted at 19&220”. (Found: C. 76.28; H. 7.87; 0.7a5; N. 1.95; 

Cl. S-39. C,,,H,.O,N.HCl rqurrcs: C. 7645; H. 8J32; 0. 764; N. 2.22; Cl. 564%) Liberation of the 

ha baa X was effected by shaking a CHCI, soln d the salt with 2% NaOH The product. &a crystal- 

lization from EtOH had m.p. l3%lso’. (Found: C. 81,400; H. 8.59; 0.806; N. 2.34; C Me. 68; acuvc H. 

038. C,,H,,O,N requires C. RI-18; H. 8.34; 0.809; N. 2.36; 3 C-Me, 7.6; 1 active H. 0169”:). 

Chromium rnoxidc oxidorion oj VIII in curtic acid 

To an lacookd soln of VIII (20 g) m glacial AcOH (20 ml) was added CrO, (2Q 0) in 70% AcGH 

(20 ml), and the mixture was surrcd at 0‘ for 75 min. The t-action mixture was poured onto ~a (200 e) 

mixed with Na,SO, (5a g). and rhc product was extracted with ether. Removal d solvent xnd crystal- 

lurtlon of the residue from EtOH alTordcd 1.4 8 of the aaurm salt of XI. m.p. 120~130’. The ha base 

was obtained by shakmg the ether soln with 2”< K&O,. 

~~Unwrurorcd lrc~orv (XII) 
The aatate salt of Xl (38 8) wxs converted to the free base by shaking an ether soln of the fonncr wuh 

59, KOH. The ruuhmg amorphous product was chromatographal on basic alumma (120 8) Elutlon 

wuh bcnanc ether (1 : I) yleldcd a whnc foam. which crys~lhad (16 g) from h&OH. After 5 rarystal- 

Imuons from MeOH. analyt~ully pure XII melted at 105-120’. (Found: C. 7m; H. 8.71; 0. l@lO. 

N. 2 19;C-Me. 699. C,,H,,O,N rqu~rcs: C. 7901; H. 864; 0.9.57; N. 2.79; 3 C. Me. 897:;). 

Aminocaccrophmoru(XIII) 

(A) Dirrcrlyfiom XI. The aawe 41 of XI (I-5 8) was relluxcd for 3 hr III the prcscna ofau wuh 5Ob 

wrhrnolic KGH (60 ml) The solvent wxs then removed in uncyn and water was added to the raldue. 

Extractron of the alkshne mixture with CHCI, afforded 950 mg of yellow foam. wtih crys~allued from 

ether to grve 264 mg d XII. Evaporation of the mother hquors. and chromatography of tbc rcsrda on 

basic xluminx (220 g) alTorded. from the bcnzrn+crhcr (I 7: 3) clua~es, a yellow loam which crys~llucd 

(80 mg) from mcrhnnol. Rarystalhution from McGH a!Tordcd the pure XIII. m.p. 185 189. (Found: 

C. 79.72; H. 7 73; 0.940; N. 2-38. C H 0 N requires: C. 7964; H. 7-90; 0.965; N. 2-819,). 3, ,e , 
(B) From z.&unccuwmcd krrnnr (XII). XII (700 mg) was relluxai for 12 hr In 54; mcthanolr KOH 

(50 ml) in rbc prescna of au. The dark soln was conantrrrcd IO a small volume. and water (100 ml) was 

added TM mixture was exrractcd thoroughly wvlth CHCI,. Evaporation ol the extnctr and crysulhxarlon 

of rhc residue (544 mg) sllordcd a small amount of starung matercal XII. Ammoxatophcnonc (XIII) was 

~solamd from chromafognphy of the mother llquon on hrSK rlumina wing benzene-ether (I 7 3) as elumr 
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Tbc alkaline aqueous soin remammg after the CHCI, extractton was made actdrc by l ddttton of 3’, 

HCL and was then extracted ona more wtth CHCI,. The extracts ytcldcd 83 mg d l c~Itc product. whtch 

after crystalltzatton from EtOH. melted at 139-140. Thn substana was tdcntifrcd as VII. by compartson 

with a sample ohtaincd from the oxidatton of VI (c~idr suprut 

sodhun boroh~ rrdlurion l$wni-rIopJulwnr (XIII) 
Aminoaatophenooc XIII (18 me) wax allowed to ruct at 25’ for 20 hr with NaBH, (50 mg) in McOH 

(9 ml) and water (I ml). Tbc solvent wu mmovcd. and the residue was dissolved in ether. and washed 

wtth water. Removal of ether furnished I7 mg of foam. which crystrllizd from ethanol. m p. I73 176‘. 

wn Bruun dqmdation o/~ubrros~rmodru 
To a soln of freshly sublimed BrCN (35 0) in dry benacne (I20 ml) was added, with &cicnt stirring 

durtog 4 hr. tubtrostctnoninc (IO a) in benzene (100 ml). The ructmn mixture was set aside at 25‘ with 

starring for I2 hr. The resulting soln. which in some runs deposited a crystalline product. was diluted 

with FIOAC. and was washed with dtl HCI and water Removal of solvent yteldal ‘IOgofcrystallmc product 

Rccrystalluntton from benme atTordcd XVI. m.p. 80 US ‘. (Found : C. 57.22; H. 680. N. 6.23. Br. 1890. 

CzIH,,O,N*BrCN requires: C. 57.38; H. 6.91; N. 5.83; Br. 1664%). 

Cyanoacrtorc XVII 

A soln of XVI (I log) tn AC,<) (2Omll was added IO a hot soln of AgOAc l3-Og) m pyndme (Mm11 

The rcactioo mixture was hated to I30 for I hr whik passmg tn N,. It was then poured onto iaz and 

acidified with dil HCl. The organic material was extracted with CHCI,. and after washing and drying. 

the extracts yielded I.1 g of dark amorphous product. Repeated crystalltition from bcnznc alforded 

XVII. m.p. I45 l46*. IR (KBr), 2200. 1775. 1725 cm-‘. (Found: C. 65.13; H. 7.92; N. 6.11; 0. 2106. 

C,,H,,O,N, requires: C. 65.19; H. 788; N. 608; 0.20840/,). 

Kuhn- Rorh oxidorion ojrr&rosrcmoniru 

Toa soln ofCr0, (16.8g)m water (lOOmI) wasadded cone ftrSO.125 mlt Th~soxtdtnng reagent (620ml) 

was added to tubcrostcmonmc (05 a) m a 100 ml dtsttllrtton flask. and the mixtum was heatal to 150 

whik passing in Oa. As distillate was removal. the volume was kept roughly constant by addttion of 

water After 4 hr. 200 ml of aqueous soln had been collcctai. which was continuously extracted with ether 

The extracts were dried. and the ether was carefully distilled off; the residue vu then treated with an 

excess d ethereal dtazomethanc. The resulting soln was wlysal with a Pcrkin-Elmer M&l I54 Vapor 

franometer. using a 2 m Polypropylene glycol (UC oil LB-5%X) column at 126”. with hydrogen as 

carrier gas at I ml&c Authentic specimens of the methyl aten of the straight chain C, to C, carboxylic 

acids were observed to have retention times I’ 42”. 2’ 42”. 4’ 16”. 7’ 35” and 13’ 34”. The mixture from 

oxtdatton of tubcrostemoninc was found to contam only aatK: and propionic esters. 

KuhwRorh oxidaion 4XVlll 

XVIII was prcprral by reduction of XVI in THF wtth a large cxms of LAH. in the usual manner. 

Kuhn Roth oxidation of the oily product was performed u above. After cstcrifrcation of rhc resulting 

acids. the mtxture was anrlyscd by VPC Four peaks were observed at I’ 41”. 2’ 42”. 4’ 17” mod 7’ 35”. 

correspondmg IO aattc. propomc. butyric and vrkrr esters. rapccttvely. 

LDCram drol (XIX) 

Lacram- lactone V (200 mg) was added IO LIBH, (500 mgt tn anhyd THF (50 ml) The rcsultmg whttc sus- 

pension was starred under reflux for 23 hr. Water was rddal dropwtse unttl vigorous mactton a?asai. and 

the mixture was then dtlutal to I00 ml. and extracted with CHCl,. After wasLog and drying the solvent 

was removed Crystallixatton d rbc midw from ether CH,Cl, (a 2O:I) afforded I91 mg colourkss 

crystals. m.p. 16Sl64’. IR (CHCl,). 3400. 1670 cm-‘. (Found: C. 6921; H. 994; 0. 1652; N. 505. 

C,,H,,O,N requires: C. 6912; H. 990; 0. 16.25; N. 4-740/k 

Brnzoufc (XX) 
To a soln of XIX (2015 g) in dry pyndinc (25 ml), coolaf in an Icebath vu added by syringe. m a N, 

atmosphere. 9.8 g of bctuoyl chloride. during S mm. The soln became pmk, and gradually darkened IO a 

maroon colour. with development of turbidity. The mixture was allowed to attain room ~cmp. and was 
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stirred under Na at 29 for 48 br. Most d the pyridine was then removed by distiliation ia wcuo, the temp 
betrig maintained bdow w. The mixture was poured into sat NaQaq containiog ioe, and WI extractad 
with ether. The extracta were washed successi vely with 3% HrSO,, water. NarCO, attd water, and were 
then drpd and evaporated to dryness After chromatography d the residue twia on Wodm neutral 
grade I dumina, crystalliratioa from CH,Cl,aber JIorded 2 g d XX, mp. 169172”. IR (CHCl,), 1715. 
16eo. 1605 (w)cm~‘. NMR spectrum: 1.92-201 r (4 H,m); 2,39-260 r (6 H.m);4,59r(I HI); 565-50~ 
(2 H, m). (Found: C. 73.82; H. 738; N. 2.81. C,,H,,OrN rcqutrcs: C. 7393; H 7.41; N. 2.78%) 

Pyrolysis ojb+nxoarc (XX) 
828 mg d XX under N, in a 25 ml flask. fitted with aold finp condenser. wu immersed in a saltbatb 

at 320’. Heating at 320-33@ was maintained for I hr. and the prodtmts wete that dissolved tn ether. 
Separation of beruoic acid was effected by washing with sat NaHCO,4 sod 568 q d neutral pk 
yellow oil was isolated. IR (CCl,), 1725. 1700 cm-t. NMR spectrum (CQ,): 2(t2-2.16 T (a 2 H, m), 
256266 r (u 3 H. m). 473 T (u 1 H. s) Vinyl bydrogens appear at 5.83-594 I (mf and a peak for 
the allyiic Me protons at 8.36 r. 

tirbaim &aninwu hydridt rrducrion qfnewrof pyrolysis pmiucr 

To the pyrolysis product (rich in XXI; 560 mg) in anbyd ether (80 ml) wu added LAH (665 rng) The 
mixture was hcatad under rdlux lor 65 hr and was then set aside at 25” for 12 hr. After the addition d 
water. organtc material WY extracted with ether. and the basic product vu separated by waabing the 
cxtract~ with 5 % HO. The 4ueou.s solo was made alkaline by addition of NarCO,. and cxwwztion with 
ether furnUtted 350 tt~ of basic product. contaimog XXII. IR (CC),). 3600.1640 cm- ’ (w). oo CO. 

fdo& (XXIII) 
Crude XXII (345 mp), obtautcd above wu heated for 3 hr without solvent m the pruata d 10% Pd/C 

(520 mg), under Nr tn a sated tubt at 200-2w. The tube was opened ahtr 12 hr. and tJte product was 
extracted by repeated washiog d the catalyst witb boilmg ether. After filtration. the ether sot0 was shaken 
witb 5% HCl, fallowed by water, and dried. Removal d solvent ytclded 170 mg pale brown tprrn Tote 
praluct was chromatograpbai oo Woclm neutral grade 1 alumioa (10 g& Elutiott witb li,gbt petroleum 
yielded more than 16 mg of pure XXHl as a colourkss oil The matenal darkened on exposure to air. 
and normal recryrtallizatioo l ttcmptr were not fruitful. However. on standing in a N, atmosphere bdow 
lO_. th rubtancc gradually soliddied, ytddios crystals which after wuhmg with small quantities d MeOH, 
melted at 46 50’. T?te mp. was undepmsal by admixture with l utbenuc synthetic mdok (XXIII). 

Aclorowlnlqcrtwncs-Gnteful acknowledgement is ma& to the National Resurcb Council d Canada_ 
Ottawa. for financial support. 
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