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AWeact- An unusual rcvetwblc dcgradaon of a quaternary gclseminc derivatlvc IS dcscribcd. 

T~IE structure of gelsemine (I), one of the main alkaloids of Gelsemium semperrirens 
has recently been ascertained by x-ray crystallographic means by Pcpinsky et ~1.~ and 
the degradativc studies and biogenetic considerations of Conroy and Chakrabartis 
published at the same time arc in full agreement with this structure, independently 
deduced by them. 
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Conroy’s dcgradativc studies are cspccially noteworthy in that they describe for 

the first time a method by which the highly compact cage structure containing N(b) 
can bc breached. The many earlier dcgradativc studies4 had utterly failed to open this 
system and in particular had demonstrated that no quatcrnary derivatives of this 
system will undergo a normal llofmann elimination. 

Thus, gelseminc and dihydrogelseminc mcthohydroxides on attempted Hofmann 
degradation yield N(a)-mcthylgelscminc and N(a)-methyldihydrogclscmine rcspec- 
tivcly.5 and the methohydroxides of these N(a)-methyl dcrivativcs when hcatcd 
mcrcly return the corresponding tertiary bases with loss of mcthanol.s 

These results arc readily understandable on the Pcpinsky-Conroy structure since 
both hydrogen atoms;] to N(b) arc at bridgehead positionswhich cannot accommodate 
a double bond. 

At the time our work was undertaken the structure of gclscminc was unknown, 
but there wcrc strong biogcnctic masons for believing that the vinyl group was 

1 Gcwhickrrr Founda1mn Powkxtorrl Fellow. Prcscnc address: Smlrh Klmc and French Rcwearch 
Inwcurc. Wcluyn Garden City, tlcrrs.. England. 

* 1:. M. Lovcll. R. Pcpmsky and A. J. C. Wtlson. Tvrrrthrrhon f.rfrcrs So. 4. I (1959). 
’ t#. <‘onroy and J. K. (hakraharrt. Trrmhcdron I C~WIS So. 4. 6 (IY59t. 
‘These srud~cs had mdlca1cd the prcrncc of the 3.3-dtwhst~~utcd oxindolc syrlcm. J tcrltary nilrogcn 

carrymg a mc1hyl group m B 5 mcmbcrcd rmg. n wnyl group. an finer1 oxygen atom m a system conrammg 
vx rmg\. and had mdlcnted rhc proxnnlry of 1he owndole oxygen and 1he wnyl group cf. infer a/lo. 
L. Marlon. Conorf. /. Rrs. RZI, 247 (1943); M. Karcs and L. Marlon. J. Amrr. Chrm Sk. 72, 2308 (1950); 
Camtd. 1. Chcm. 29. 37 (1951): K <iourarcl. M. M. Jano1. V. Prclog. R. P. A Snccdcn and W. I. Taylor. 
//r/r,. Chrm. kro M. I I3Y (1951): <;. Jones and T. S S~cvcns. 1. Chrm Sot. 2344 (1953): T. tiahgood nnd 
1.. Marlon. C’nnad. 1. Chcm. 13. 604 (1~55); L MMarlon and K. Sargcitnl. J. Amrr Chrm. Sur. 78, 5127 

(IY56). Cbnod 1. (‘hem. 35. 301 (IY57t. 
8 R. (iowarcl. M. ht. Janoc. V. Prclogand H. P. A. Snccdcn. If&. C‘htm. Arm 34, 1962 (1951); ‘1. ifahgti. 

I.. Marlon and ii. Schwarz. lhrd, 35,638 (IY52); V. Prelog. J. IS. Parrack and H. Wl1kop. fbid. 35.640(1952). 
‘I he mcrhohydrontdc of ~(nt-merhyl-nor.gclscmlnc aldchydc (IV) also loses mclhanol on pyrolysa yictdmg 
the tcr1wy aldehydc: r.irlr m/w. 
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attached to a carbon atom which stood /? to N(b). In 
possible to cffcct a degradation of the following type: 

I49 

this circumstance it should bc 

Reactions of this sort have been observed in simple systems6 particularly when 
the $ carbon atom is disuhstituted. and the reaction is similar in principle to the 
successful degradation carried out by Conroy on the related betainc 111. whose 
decarboxylation is accompanied by a ring opening of this type. 

WC accordingly undertook a study of the thermal degradation of the mctho- 
hydroxide of N(a)-methyl-nor-gelscmine carbinol (V). prepared by borohydridc 
reduction’ and methylation of Marion’s N(a)-methyl-nor-gelsminc aldchyde (IV).” 

The results obtained were unexpected, and while they do not add to the structural 
conclusions already available. they are consistent with the structural proposals of 
Pcpinsky and of Conroy and seem to bc of sufficient intrinsic chemical intcrcst to 
report. 

When the crystalline N(a)-mcthylgclseminc-nor-carbinol mcthohydroxidc tri- 
hydrates is hcatcd under reduced pressure, no formaldchydc is formed. but a highly 
fugitive anhydro-base which we formulate as the 3,3-spirotrimcthylcnc oxide 
de&ativc Vi1 sublimes in nearly quantitative yield. Anaiysis immediately after 

sublimation gives values corresponding to C,,H,O,N,; after several days the 

‘ V. J. ‘I’raynchs and 1. G Dadurn. Abslracrs of Papers prcscnlcd PI the 1341h Mccrmg of 1hc Amcrtcan 
Chcmtcal Soc~ecy. ChIcago (1958). 

’ l’hts carbinol also rcsul~r from 1hc action oTe1hanohc potawum hydroxide on h’(a)-Nthyl-nor-gel~cmlne 
aldchydc IV (cf. Iinpcr~men1aI) by way olelthcr a reactton of the Cannwaro type or a Metnwm-Ponndorf. 
Verky rcduc1ton. Thts is srrong prcaump1wc ewdcncc 1hal1hc carbon alom 1 to 1hc aldchydc carbonyl does 
no1 bear a hydrogen atom and IO 1hts cxlen1 confirms Conroy’s conclusion based on the NMR spectrum of 
~;(a)-acxtyld~~o-nor-gelseminc aldchydc. 

’ L. Marion and K. Sargcnnt. Cot&. /. Chlcm. 3% 301 (1957). 
* The corrcspondmg rnclhmdtdc. from which 1hls substance IS produced by ion exchange, can be obranxd 111 

55 ‘: yield by preparalion of N(a)-rne1hylgclscmme merhmdide m one rccp followed by oxidawc ckavagc 
and borohydrtdc rcduccton of 1he aldchyde m another slcp. (cf. Experimen1aI). 



150 A. M. ROF. and M. GATFJ 

analytical results indicate that water is being taken up by the sublimate. This 
formulation is strongly supported by the NMR spectrum of the substance. In Table I 
the gross features of its spectrum and that of dihydrogelscmine arc compared. 
The appearance of a group of poorly resolved peaks corresponding to approximately 
4 protons in the range 5-l to 5.5 t and a completely unsplit peak at 8.0 T corresponding 

TAME. I. N%lR SPECTRA’ OF AP;IIYI)Ro SURIJMATE (VII) ~-4) DI~lY1~R(XjEl SEMINF.. 

RF.I.AIIVE IhTFMtATu) ARFd AND PRoL~ARLE ASSKitiMEhm 
-. -.-. - 

Anhydro-base (VII) 

- ___.. 
Ma) II 
Atyl H- 

0 CH*- c 

-__. -. 
2.0 

2.3 3.7 

(trrmcthylcnc oxide) s.1 5.5 

0 -CH (ether) 5.9 

0 CH,-. (crhcr) 6.1 

N(b) CH. 6.6 6.7 

N(a) Cl{, 69 

N(b) C-H, 6.9 7.6 

C,. CH 7.9-8.2 

C-.CH, 7.9 8.2 

N(b) CII, 78.X0 

c 01, 92 

observed CalC 
.- _ .-.- 

0 0 

4 4 

34 4 

I 
4-5 2 

I 

3’ 3 

0 

5 3 

2 

6,J 6 

0 0 
_- 

26 

obscrvcd talc 

I 1 

4 4 

0 0 
I I 
2 2 

I I 

0 0 

3 2 

16 3 

4 

3’ 3 

3’ 3 
__. - 

24 

a De~crmmcd nt 60 mc m dcutcrochloroform (cow approx 20::) ulrh wramerhylrdanc and chloroform 
as mtcrnal standards. 

’ <‘hemlcol rhlftr m p.p.m. rclarwc IO rcrramcthylsllanc - IO. cf. G. V. D. Ttcn, 1. Ph.vs. Chrm. 62. I I5 I 
(195R). 

: The NMR spcclrum of dlhydrogclummc has been reproduced m part and decursed tn. J. A. Poplc. 
W. G. Schneider and II. J. Bcrnsrcin. IIiRh Rrrolotron .4’uckar .+fagnrrtc Rcrononcr p. 281. McGraw-HII1 
(IYSP). 

’ Smglcr 
’ TrIpleI 

to 6 protons, the first assigned to the four non-cquivalcnt hydrogcns of the trimcthylcne 
oxide ring.*O the second to two equivalent tertiary N-methyl groups,” is decisive. 

The infrared spectrum of the sublimate also supports its formulation as VII. 
According to Barrow and Scarlcsl? the trimethylcnc oxide ring shows intense 
absorption at about X.0 yr and at IO.2 .10.3 ,LC. but the absence of absorption in the 

I0 NMR ahsorptlon al 5.81 T and 5.64 7 has been observed for the rmg mcthylcnc hydrogena of 3.3.dwrhyltrt- 
nrcrhylcnc oxtdc (prwarc commumcatlon from S. Scarlcs) and of 3.3.d~chloromcthylrrtmelhylcnc oalde 
(prwarc commumcarton from G. V. D. T~crs) rcspcct~vcly. The ring mcthylcne hydrogens adJacent lo 
oxygen tn I-oxa[J 2 O] bxyclooccanc ( T - - 5.54) and m I-ona-S-mcthyl[2 . 2 0] bicyclohcxanc (T - 513. 
5.61) also fall m rhls range (prtvatc commumcaltons from I). S. Tarbell and A. Rorowsky and from 
R. Srinivasnn). 

I’ In the swtlng quaternary carbmol hydroxide the two unrpllt peaks corrcspondlng lo thrsc two (non- 
equivalent in the cast) N- CH, groups occur at 7.08 and 7.17 z. Among thecalabash curare alkaloids 
quaternary ti--Cl{, groups also occur m this rcgton (6.8-7.0 T), 0.748 p p.m. lcsr than the corresponding 
tertiary N- CH, vxonancc. (Private communtcation from V. Bockclhcidc and 0. Ceder.) 

If C; M. Barrow and S. Scarlcs, /. Amer. C’hrm. Ser. 75, 1175 (1953). 
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8.0 p region in some trimethylene oxides has been noted by Campbel113. A comparison 

of the infrared absorption in this region of several 3.3-disubstituted trimethylenc 
oxide derivatives and of our anhydro-base is given in Table 2. 

Perhaps the most striking feature of the chemistry of the anhydro-base VII is the 
great case with which the reaction by which it is formed IS reversed. When freshly 
sublimed, it is readily soluble in non-polar solvents such as benzene, ether, methyl 

TARLF 2. .%I F.CTFD IYFRAREO A~SIJRF~IOU IIAWS 
-- -._ - 

3.3~Dtmcrhyl 
trimcthylcw 

OXldC”” 

HIS-3.5 
chloromcthyl 
rrlmerhylcnc 

oxide’% 

H&3.3- 

bromomcrhyl 
rrimcthylcnc 

ox&‘” 

Bb-3.3- 
aminomcrhyl 
rrlmcthylcnc 

Anhydro-base 

OXldC” 
(VII)’ 

dlhydrobromidc 
---.. .-_- -- _-. -_ _ ._ 

U,OS’ 8.1 _ 8.03 

IO.15 IO.15 IO.20 IO.45 IO.30 

IO.6 IO.45 IO.57 106x IO.53 
--- ---. --.. -- - . _- 

l Lqutd sample 
’ Porrsslum bromldc pcllec or chloroform solullon 
’ Potas\clum bromide pellc~ 
‘ Micron* 

iodide, chloroform and the like as well as in simple alcohols, but its chloroform 
solution on standing deposits N(a)-methyl-nor-gelscminc carbinol methohydroxidc 
trihydrate in crystalline form. When dissolved in 50 per cent aqueous ethanol, the 
anhydro-base exhibits an initial pH of 6.9. but this rises to pH 12.3 in about half a 
minute,” and from such solutions the crystalline methohydroxide trihydratc can be 
isolated. The tendency of VII to revert to the quatemary alkoxidc VI is in fact so 
great that attempts to stabilize the opened form VII by quatcrnization (with methyl 
iodide) so that further degradations could be carried out on it have uniformly given 
only I\;(a)-methyl-nor-gclseminc carbinol mcthiodide. 

It may be remarked in passing that the reaction by which VII is formed from VI is 
mcrcly the intramolecular counter-part of the reaction by which other quaternary 
hydroxides in this series return to the corresponding tertiary bases with loss of 
methanol. i.c. the nucleophilic attack of alkoxide (or hydroxide) on a carbon atom z 
to the quatcrnary nitrogen. Both this reaction and its reverse appear to be examples 
of reactions which are enormously facilitated by the proximity imposed on the 
reacting centers by the rigid geometry of this system. 

EXPERIMENTAI.” 

N(a)-Mcr~~Cnor;pc/~~inc cur&no/ (V). A solution of 425 mg E;(a)-methyl-nor-gelmIne aldc- 

hydc (IV).’ m.p. IY7,-200’. in 20 ml SO”, aqueous methanol was wealed with 400 mg sodium boro- 

hydride tn ponrons. The solutron was warmed gently for a few min. and after 1 hr rhe cxccss reagent 

was destroyed by the addition of dil acetic acid. The solution was made basic with ammonta and 

extracted with chloroform and the extra& wcrc washed. dried and conantratcd 10 ylcld a colorless 
r&due whtch crystallized readily from benzene as colorks prisms, 378 mg. m.p. 243 2SO A second 

‘IT. W. Campbell. 1. OIR. Chrm. 22. 1029 (1957). 
“Compare Ihc smrdar rlsc m bastcity which occun during the ruzonvenion of the anhydro-bPse from 

klrahydrobcrbcrine (or I-canadine) mclhohydroxldc IO this quaternary hydroxide. cf. F. L. Pyman. 
J. Chrm. SW. 103.821 (1913). 

” Mckmg points arc uncorrected. Analyses were done by W. Manscr. Zurich and Microtech Laboraronfs. 



c?op had m p 242 247 5 Recry%talltlatlon from hcnrrnc racscd the m p to 249.250 (Found 
(‘. 70 56. H. 708. N. 8 12 C,.H,,O,N, rcquwcs C’. 70 56. H. 7 II: N. 8 22’.) 

The same substance rcsultcd when the aldchydc IV (60 mg) ~4s hcatcd under rcflox for I3 hr with 
a wlutlon of I 2 g potruwm hydroxtdc In 6 ml ethanol IMutton ulth Utter and cxtractton wth 
chloroform ywldcd Jftcr concrnttwcon a pale orange 011 (50 mg) uhlch %oltdlfted under ctlw and 
*how infrared spectrum WJI tndtstmgulshablc from that of the sample dcuwbcd rbovc 

Y(j)-.Zlrlh,l-nor:9Ilrrmrnr rorbtnol mrrhddr This was prepared In and cryrtallwd from 
ethanol. colorkss necdlo. m p 2&W-290 tdcc) lllghly purlficd sampks a-caslonally melt as high as 
304-305 (dcc) (Found C. 52 06. H. 602. N. 5 48; I. 25 20 C,,l~,,O,N,I rcquwcs C. 52 2X. H. 
5 65. IG. 5 81. I. 26 12T.j [xl’; t I6 (c 105. water) 

Ttvs mcthmdldc an alw and man cwwcmcntly bc prcprrcd dlrc+tly from gcLumlnc JS fullour. 
A wlution of 5 00 g of the aatone s&ate of gclscrnmc In I40 ml rcagcnt grade tolucne uds concrn- 
ItdtCd to about 100 ml by boiling to rcmow Jcctonc rnd tram of water. cooled. rnd ttwtcd ulth 
726mg of a 496”, dtspcnlon of sodturn h)drlJc In mIneral 011 After the immcd~rtc copious gas 
c\olutwn had ceased. the mlxturc u+) heated under rcflux fur 2 hr. rlloucd to cool. trutcd ulth 4 ml 
methyl wdldc. and rcfluxcd for .30 mln Marc methyl wxl~dc (5 ml) uds added and the mwuR 
alloucd to stand at room tcmp for several days The colorless cryrtrllme sohd. crude Ntr&mcthyl- 
gclrmmc methmdldc. was collcctcd. uashcd ulth benzene. dried (8 RX g) and converted to the 
chlorldc by Ion exchange over 7Og I)oucx 2-x4 (chloride form) In 50’. aqueous methanol The 
rcsultlng s&won was umcentrJtcd under dimtmshed prewJrc to ylcld the crude quaternary chlorldc 
a\ J yellow gum uhlch In contrast to the IOJI& WJI rcadlly soluhlc In mcthrnol Eiltration of 1t.s 
wlutlon In the solwnt rcmowd 0 61 g sodium shlorldc. and the resultmg clear solutwn uas con- 

Fcntratcd to y~cld 5 hV g (theory 5 OX g) of the chloride A wlutlon of thl\ substance In 85 ml water 
was treated with I50 mg osrn~um tctroxldc ulth %tlrrlng A chocwoldtc brown color US produad. and 

after 10 mln a solucwn of 5 90 g so&urn rncta pcrmdatc In the mmlmum amount of uatcr was rdded 
dropulse The broun but csscntlally homogeneous solution ~‘4s allowed to stand I hr. then warmed 
on the steam hath for 20 mm. durmg which II hghtcned to pale yellow. finally allowed to cool and 
treated with 2 g sodturn horohydrldc Much gas was c\ol\cd and J fine hldck ptw~p~tatc of osmium 

Jioxldc was produad After strndmg overnIght the solutwn wu filtered. concrntratcd to about 
50 ml under dwmn&cd pressure (crystalline pree~p~trtc) rod treated with 2 0 g sodtum lodldc Crude 
crystallmc N(a)-methyl.nor-gclscmlnc carbmol mcthtodldc. 5 20 g (theory 6 II 1. m p 278 280’ (dcc). 
u&s obtatncd Rcefystalli~Jt~on from alcohol-uatcr gabc 3 47 g (55’,J of matcrlal of aazptabk 
quality. m p 27V-286’ (Jcc) 

N(a)-.Urrhvl-nor..prl~rmtnr cclrhtnol mrthochlorrtk This was prepared from the mdldc (or the 
hydroxtde) hi Ion exchange on Dwea 2-x4. m p 2-295“ fdcc) *hen ctystalhud from absolute 
ethanol ether (Found: (on sample drcd at 100 IR cwuo)C. 62 78. H. 7 I I. N. 6 W C,,H,,O,N,CI ) 
H,O rtquwcs C. 63 05. H. 7 06. N. 700’.) 

N(J)-Afrthvl-nor-pl~rmtnr curhrnol nuthohydroxtrlr This US prepared from the ~o&dc by ton 
exchange on l)owx 2.r4 fhvdroxldc form) and ctystallurd from 95 O. alcohol-ether. tine ncedla. m p 
29&297 (dcs) (Found (‘on air-drtcd sampk) C. 59 05. H. 8 14. h’. 6 55. H,O. 4 22.4 39 (loss 10 
ut ondtymgat 100 ) C,,lt,.O,h, 311,Orcquwcs C. 5V 13. H.XW. N.6 57. H,O(Iossof l I(,01 

4 21”;) UY i,. 254 mp (log I 3 8). 284 rnp (shoulder) (log I 3 I). [a]: . I6 (r 0 88. water). 
T)lr 0arrrvl Jrrtwtrw O/ h(r~mrrhyl-nor:qrl~rmtnr carbmol mrthwduk Thts was prepared by 

hcatlng a solution of 105 mg of the mcthlodldc In 2 ml aatlc snhydrldc to rcflur for 10 mm The 
cookd solutwn uas J~lutcd utth mcthdnol. rlloucd to stand for J few min. then conantratcd IO 
dtyncss under dimlnohcd pm.surc The colorkss res~duc was dlssohcd In hot water. treated wtth 
so&urn Iodide and allowcd~to crystalll,c. small prwns. 51 mg. m p 260,265’ (dec) Rcctystalhratwn 
from uatcr ralscd the m p to 265-270. (dcc) IR mu tnrrr ulw J 82. 5 XX and 7 OX 14 (O-aatyl group 
and NtJ~rnethyt oxmdolc carhonyl) (Found C. 51 71; Ii. 5 71 C’,,H,.O,N,I JH,O rcquwes: 
C. 51 7Y. H. 5 b7*,) 

qYrolws oJ a-mrth~l-nor..qrllrmmr rarhmol mr~hohytlrorrdr Thr onh,~drcdaw VII When 
thu mcthohydrortdc (48 mg) -4s hutcd In a stem of nltrogcn at tcmp ranging from 15Gl90 . 
cxtcnsw dcampwtion took plaa The nitrogen rtrram was pused into 2 N hydrochloric acid 
saturated wth 2.4-dm~trophcnylhydrrl,nc. but no formaldehyde 2.Cdmwophcnylhydrarnnc ws 
detcctcd Subllmatmn of the wlduc at IO ’ mm and I50 200 l flordcd a subllmatc (5 mg) whose 
Infrared spectrum *as Idcntlcal uith that of N(a)-methyl-nor-gcLwm,nc wrhmol 
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When, however, N(a)-methyl-nor-gclscminc carbinol methohydroxidc trihydrak (20s mg) was 
subhmcd at 160 170 and IO-’ mm, a culorkss sublimate was prod-d. and an inappreciable rcsldue 
(2 mg) rcmamcd. Analysis of a sampk of sublimate prepared in this way immediately after sublima- 
tion (Found: C, 7140: H. 7.73. C,,H,O,N requires: C. 71.17; H. 7.395;) indicates that an 
anhydro-base has been produced. Analysis after a week or so suggcsls that water is being absorbed 
(Found: C. 70.24; H, 7.89; N. 7,690,:). The sublimate is readily soluble in bcnzcnc, chloroform, 
ether. acetone and ethanol but insolubk in water. When a portmn of the sublimate was dissolved m 
50”; aqueous ethanol. rhc pH as determined by a glass clcctrodc increased from 6.9 to 12.3 tn about 
4 min. A solution of the sublimate in chloroform dcpositcd on standing crystalline makrial whose 
infrared spctrum was indistinguishabk from that of the starung S(a)-methyl-nor-gclxminc carbinol 
mcthohydroxidc trihydratc, which contained no Iodide ion, whose soluuon in water had pH ca. I2 and 
whose ckctrophorctic mobility was the same as quaternary salts in this serks. 

A~~cmprrd qautcmirurion a/ rhr anhydro-hasr VII with mrrhyl iadiak. The sublimate (IO-* mm. 
16&170 ) from 345 mg N(a)-methyl-nor-gclscminc carbinol mcthohydroxidc trlhydratc (rcslduf 
4.2 mg) was taken inro methyl iodide and allowed to stand I day. Removal of ~hc methyl mdidc and 
examination of rhc infrared spectrum of the rcslduc showed that the residue was essentially unchanged 
sublimate. so the residue was warmed with methyl iodide in acetonitrik. The solvents wcrc mmovcd. 
and the residue yicldcd 247 mg of material soluble in chloroform, whkh, when passed in methanol 
through an ion exchange column (L)owcx 2-x4) in the iodide form. yielded N(a)-methyl-nor-gclscsemtne 
carbinol mcthiodidc. m.p. 282-284” (dcc). not dcprcsscd by admixture of aurhcnuc mcthiodidc. 
Their infrared spcftra were indistinguishabk. 

Atrempcd Iiofmann depxkzrion of N(a)-mcrhyl-nor-Rrlsrminc al&hydc mcrhohycloxidc. N(a)- 
Methyl-nor-gclscminc aldchydc mcthiodidc (I6 mg). prepared from the aldchydc in the usual way 
and crystallized from acctoncethcr. m.p. 255-265” (variabk with dcc). (Found: C. 52.37; H. 546; 
N, 5.23. C,,H,,O,N,I requires: C. 52.51; H, 5.25; N, 5+X0<) was converted to the hydroxuk in 
methanol over Dowcx 2-x4 (hydroxnk form), and the residue remaining after removal of the solvent 
was sublimed (at 17&180’~ and 2 Y IO ‘( mm). The infrared spectrum of the pale yellow sublunate 
(IO mg) was indistinguishable from that of N:(a)-methyl-nor-gclscminc aldchydc. 
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