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Abutnwt-Three new bases related IO rctaminc are described: chlororctaminc. isorctaminc, and 
chlorokorctaminc. Rctaminc and isoretaminc arc 8-hydroxy-( i ksparteine epimers; chlororetaminc 
is an Bchloro-(.: )-sparteinc; chloroisorctamine is an 1 Ichloro-( I )-z-isospartcinc. In the trans- 
formation of isorctamine to chloroisorctamine the rearrangement is explained by the modem concept 
of bridge carbonium ion. 

Is previous papers’, retamine has been formulated as 7- or 9-hydroxy-(i)-spartcinc, 
the 7 and 9 positions of sparteine (I) being considered as cquivalcnt. Ribas and 
Fraga lb have excluded position 8 for the hydroxyl group in retamine, as a kctonc 
cannot be obtained by oxidation. Having also excluded the 6 and 11 positions owing 
to the failure of several reactions, the only remaining position for the tertiary hydroxyl 
group was 7 or 9. 

Leonard and Marion et uI.~, howcvcr proved the structural formula of spartcinc to 
be IIa, with the positions 7 and 9 no longer equivalent, and therefore, an investigation 
of the problem was undertaken. This work is summarized in the following table. 

Chlororetamine, a new base, C,,HUN,CI, was obtained by substitution of the 
hydroxyl group in rctamine by chlorine. The carbon-nitrogen skclcton of rctamine 
remains unchanged in this new base, as it can be transformed into a mixture of (+)-X- 
isospartcinc (III) and (-i’)-sparteine (IIa) by the following methods: reduction with 
Zn dust and hydrobromic acid in acetic acid, reduction with red phosphorus and 
hydriodic acid, and hydrolysis of magncsium~hlororetamine formed by treatment 
of the new base with magnesium in anhydrous ether. 

The chlorine atom of the chlororetaminc is readily substituted by the action of 
nuclcophilic reagents (NaOH, AgOH, H,O, etc.) giving rise to a second new base, 
isoretaminc, C~H~N,O, m.p. l62”, an isomer of rctamine with the same carbon- 
nitrogen skeleton since (+)-sparteine and (.-.)-z-isospartcine are formed by reduction 
with red phosphorus and hydriodic acid at 130” and 200” respectively. 

Both isoretamine and rctamine on heating with P,O& at 130” yield a dehydrobase, 
which can be hydrogenated to (f)-spat-mine, and on heating either compound with 
the same reagent at 200” a mixture of dehydrobascs is obtained which on hydrogcna- 
tion gives (-i.)-a-isospartcinc and (-i.)-sparteine. The hydroxyl group in retamine or 

I* I. Ribas. A. SPncha and E. F’rimo, Anolts /is. )’ quim. 42, 516 (1946); ’ I. RIbas and F. Fraga, An&s 
Real Sot. Erparl. Fis. y Quim. UB. 1426 (IWY); c F. Fraga and 1. RIbas. Ibid. 46B. 665 (1950). 

u N. J. Leonard and R. E. Llcylcr. 1. Amer. Chcm. Sot. 72, 1316 (1950); ’ L. Marion and N. J. Leonard. 
C-d. 1. Chcm. 29, 355 (1951); ‘L. Marron. Bull. Sot. Chfm. Fr. 1193 (1954). 
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isoretamine cannot be oxidized to a ketone by the Oppenaucr method or with chromic 
acid. 

These reactions showing similar chemical bchaviour indicate that retamine and 
isoretaminc arc hydroxy-epimer compounds. h’eithcr can be 7- or 9-hydroxy-sparteinc 
as these positions do not allow cpimer compounds. 

The same conclusion is reached by the examination of the chemical activity of 
chlororctamine. Substitution of the chlorine by a hydroxyl group quantitatively is 
indcpendcnt of the concentration of the nuclcophilic reagent and cvcn takes place 
with water. Therefore, this transformation into isorctamine is a first class nuclco- 
philic substitution reaction &I), which proceeds by a carbonium ion mechanism. 
But the carbonium ion formation is not consistent with the 7 and 9 positions, which 
contain bridged head carbons, unable to produce the required structurc.3 

Positions 6 and 11 for the hydroxyl group in the rctaminc arc excluded as I]- 
(or 6-) hydroxy-sparteinc should readily be dehydrated, show a ketone form or be 
reduced electrolytically, but rctaminc and isoretaminc fail to give these reactions. 

Molecular rotations. infra-red spectra, dehydration and the reactions of a new 
hasc, chloroisorctaminc. indicate 8 as the only position for the hydroxyl group in 

rctaminc and isorctaminc. 
Molecular rorarions. If from the molecular rotation (M,,) of retamine, or iso- 

retaminc, that of (-I )-spartcinc is substractcd the contribution of the asymmetric 
centrc at C, is obtained. The molecular rotation calculated from the value of this 
contribution is in pcrfcct agreement with the experimental value. 

Compound I& :MI, (found) MI, (cnlculatcd) 
__- - -.--. --_ .-- - -. - - - .- - _- 

Rctaminc i 46.2 .* 11s ; 11s 

Isorctamine 14.2 I 3s - 35 

( i )_Spartcinc * 17” -40 

Mr, rctamine - Ml, (r>sparteine I15 - 40 = +75 
MI, isorctamine .- MI, (4 )-sparteinc -35 - 40 : -75 

Contribution of the asymmetric centrc: :! 75 
Intro-ted spectra. Cole ef al.’ found that the hydroxyl group of 3-hydroxysteroids 

exhibits a band bctwecn 995 and 1055 cm-l, an axial hydroxyl group absorbing at 
995-1035 cm l, and an equatorial one at 1035.1055 cm- I; the difference being 2GIO 

cm-l. The infra-red spectra of retamine. isoretaminc, and the related (-i.)-sparteinc 
and (+)-z-isosparteine, under identical conditions (4%, in CSJ show the following 
intensities: 

Ketaminc 1007 (35%) 1025 (50%) 1050 (50%) 
Isorctamine 1007 (50%) 1027 (55%) 1047 (60%) 
Spartcine 1011 (50%) 1070 (55%) 
a-Isospartcinc 1007 (30 “/A) 1107 (30%) 

The two bands shown in the spectra of retaminc (1025, 1050 cm I) and isorctamine 
(1027, 1047 cm,-‘) must be produced by the hydroxyl group as they do not occur in 

’ D. &hell and V. Gold. Qwr. Rec. 12, 185 (19SW 
’ A. R. H. Cole. R. N. Jona and K. Dobrmer. 1. Amer. Chrm. SOL-. 74. 5571 (1952). 
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the spectra of the related compounds. The frequency, difference and shape of the 

bands indicate that the lower one is due to an axial, and the higher to an equatorial 
hydroxyl. But as both rctaminc and isoretaminc have only one hydroxyl group, this 
must be axial to one ring and equatorial to the other; and this feature can only occur 

at C, position. 
The selection of co@yrations. Formulae IV, IIb and IIc are proposed for rctamine 

isorctamine and chlororctamine respectively. No cpimcr for chlororctaminc is 
possible since the C, position is hindered by the axial C,,-hydrogen atom of the 
D-ring. With Catalin molecular models (Waltham, Essex) it is clearly seen that the 
voluminous chlorine atom has no room at this hindered position for cpimcr formation. 
Isorctamine, obtained from chlororetaminc by hydrolysis, must bc the less hindered 
cpimcr IIb. lcaving configuration IV for retamine. A Walden inversion at CR must 
occur in the change of retaminc to chlororctamine; but the configuration at C, is 
preserved in going from the chlororctaminc to isorctamine. The molecular rotation 

changes are in good agrecmcnt: 

MI, retaminc - M,, ( I)-sparteine .= .i.75 
,M,, chlororctamine - AI*, ( i-)-spartcinc A - .28*4 

M,, isorctaminc - MI, (.I )-spartcinc 7 - 75 

The mechanism for these reaction changes is as follows: the action of thionyl 
chloride on retaminc should give rise to chlorosulphite (V), which is possible according 
to the Catalin molecular models, and the decomposition of this intermediate (V) 
with simultaneous attack of the chloride ion, from the less hindered side, should 
bring about the formation of chlororetamine (11~). Although this compound reacts 
with nucleophilic reagents by the intermediate of carbonium ion (VI), it always gives 
isorctamine (IIb) or the corresponding derivative (IId, IIe) because steric hindrance 
precludes the formation of an epimer. 

Chloroisorefa~,rirlc, and ifs chemical hehaciour. Chloroisoretamine. a new base, 
C,,H,,N, Cl, m.p. 90’, isomeric with chlororetamine and with the same carbon- 
nitrogen skeleton, is obtained from isorctamine dihydrochloridc on treatment with 

thionyl chloride. It reacts with nucleophilic reagents to give A’idchydrosparteinc 
(VII), whose structure has been established. 6 As chlororetamine under the same 
conditions undergoes a substitution, this reaction establishes the chlorine atom at 
C,, in chloroisoretamine. 

There arc two possible configurations for I I-chlorospartcine represented by VIII 
and IX. Formula VIII is preferred as the chlorine atom is axial respecting to both 
rings C and D and is mm with regard to the fourth N,, valcncy, and therefore the 
four centres participating in the reaction are in the same plain. This structure is 
supported by the fact that chloroisorctamine readily undergoes elimination reactions, 
A”*16dehydrosparteinium (X) hydrochloride being produced by heating chloroiso- 
retaminc with water on a steam bath. Moreover, its infra-red spectrum shows bands 
at 800 cm-i and 3457 cm-l, which are typical of the a-isosparteine conformation to 
which VIII belongs. The fact that chloroisorctamine is a crystalline solid, like z-iso_ 
sparteine, and not a liquid like chlororetamine and sparteine, is in agreement with 
the same statement. 

6 h’. J. Leonard, P. D. Thomas and V. W. C&h. 1. Amrr. C&m. Sot. 77, 1552 (1955). 

6 
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In the formation of chloroisorctamine the action of thionyl chloride on iso- 
retamine should give the chlorosulphite (XI); but the steric hindrance of the epimer 
position of this intermediate forbids the chloride ion attack at C,. This attack must 
then take place at C,,, with the migration of a hydrogen from C,, to C,, the elimination 
of SO,CI, and the formation of chloroisoretaminc. 

The intermediate formation of a bridged carbon-hydrogen ion between C&n, 
usual in policyclic bridged compounds,” may facilitate the 1:3-interaction between 
Cn-CA. Furthermore, the reaction causes a Walden inversion at Cn, so that the 
chloroisoretamine is the 1 l-chloro-(+)-x-isospartcine (or 6-chloro-(,i)-r-isospar- 
teine, VIII). 

Dehydration and other reactions common to reramine and isoreramine. An explana- 
tion of these reactions is only possible if the hydroxyl group is located at C,. Both 
(I-hydroxysparteines arc unable to form a double bond between C,-C, or C,-C, by 
the elimination of one molecule of water, as the formation of these double bonds 
requires a valency plain structure at C, or C,, prevented by the rigid tctrahedric 

structures produced by the convergence of three hexagonal rings (bridgehead carbons). 
The 8-hydroxysparteines are, therefore, not easy dehydrated; but under vigorous 
conditions a carbonium ion at C, may be formed. This spreads a bridge between the 
carbons and hydrogens of the 6 and 11 positions (XIII) giving rise to a bridged 
carbon-hydrogen ion. At low temperature, this bridged ion should react by picking 
up the twice axial hydrogen at C, (XIV) and donating to this position the whole 
positive charge, with the formation of the classical ion XV. At high temperature, the 
bridged ion reacts at C,, (XVI), in the same way, giving the carbonium ion XVII. 
Both classical carbonium ions XV and XVII will be converted in the usual way into 
the cnamonium salts XII and X, which on hydrogenation yield ( i-)-spartcinc (IIa) 
and (.I-)-z-isosparteine (III) respectively. 

The retamine and isorctaminc reductions with red phosphorus and hydriodic 

’ l T. P. Ncvcll. E. de Salas and C. L. Wtlson./. C/tern. Sot. 1188 (1939); ’ J. D. Roberts. C. C. Lee and 
W. H. Saunders,/. Amrr. Chcm. Sot. 76,4SOl (19544); e S. Winstein and M. Shrtavsky. Chrm. 6: Imf. 
56 (1956); A A. Gagncux and C. A. Gob. Ii&. Chim. Acra 42, 17S3 (19SY). 
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acid, producing at 130” (+)-spartcine and at 200” (+)-r-isosparteine, are similarly 
explained by bridged hydrogenerbonium ion formation. In the first case the bridged 

ion operates at C, and the reduction product is (+)-spartcine, and in the second case 
at C,,, producing (-)-r-isospartcinc on reduction. 
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EXPF.RI%lENTAL 

Mclung points arc uncorrry1cd. IJnlcss spccificd IO the comrary. the rcactmn products wcrc 
isolated by cthcr cxtractton from an aqueous solution. made alkaline with sodium hydroxide or 
ammoma. The cthcr cKtracts wcrc drtcd \ri1h sodium sulphatc (or potassium carbonate) and 
cvaporatcd on a s1cam bath. 

The chromatography, on Whatman No. 1 paper, was pcrformcd accordmg to condluons by 
Municr:. Spartcinc and x-isospartcinc howcvcr. always ga\c 1hc same spots undsr thcsc conditions. 

but thy could bc scparatcd on Whamian So. I paper salted with a buticrcd solution of cl1rlc acid 
(0.1 MM; 11~18 ml)-dlstdiurn phospha1c (0 2 %I; 8.82 ml), or citric acid (0.2 S; 100 ml) so&urn 
citrz1c (50 ml 0.2 S NaOlt) at pit 4.4 in both casts and dcvclopcd with n-buranol -water (Spar1cmc 
X, 0 22; z-isospartcinc R, 0.33). 

Heromine (IV). The rctaminc, m.p. 166,‘. 
rcc~stallircd from ethanol. [z] ; 

uas isolalcd from Neroma spltoemcarpo fIuiss..” and 
i 46-2 (c 1.017; aholutc ethanol). 

Chlororeromine (1 Ic). 

Rctaminc (I.0 g) diqsolvcd in COW HCI (1.2 ml) was convcrtcd to the dlhydrochloridc by removal 
of water (in L’OCUO on a steam bath). Thionyl chloride (I.3 ml) was added. and the solution hcatcd at 
85 YO’ fur 50 min. After addition of Ice-water. the bsc, an oil (I 05 g) was convcricd into the follow- 
ing salts: 

(a) The nIono~erclrlorore cryslallizd from methanol had m.p. 243 244’ dw. (Found: C, 48.9; 
11. 7.1; S. 7.9: Cl. 19.1. C,,H,N,CICIO,H rcquirr!: C, 48.8; Il. 7.1; N. 7.6; Cl. 19.01,). 

(b) (%kroreromine monoch/nrozinca/e. To chlororctaminc (0 22 g of the orI) dissolved tn ethanol 
(0.5 ml) 3 N chlorozincic acid (0.25 ml) was added. ylclding white crystalc of chlororctaminc mono- 
chlororincatc (0.31 61 m.p. 31X-320 dcc. (f%und: Cl. 2Y 6; C,,l(,,N,<‘I,Cl,%n~{, rcquircs: <‘I. 
2Y.7’:). 

(c) Ch/ororeramine dipicrufe. This was obtained by mixing an aqueous solution of chlororc1aminc 
monochlororincatc with saiuratcd solution of picric acrd. and had m.p. 208’ dcc. from ethanol. 
(Found: C. 45.Y; il. 4.4. C,,H,,N,Cl~ZC,H,N,O~ rcquircs: C. 44.6; H. 4.3p.). 

Chk~~rorero~vine. Thus was obtained, m the usual way. from monopcrchloratc as a colourlm 011. 
with a s1rong basic reaction. [I] 2’ i.4.3. (c 2.3; absolu1c ethanol). 

Isoreraminc (Ilb). 

C’blororctaminc (I 34 g) was convcrtcd into its montxhlorodncatc (I ,4 g) and hcatcd with water 
(50 ml) on a steam bath for 45 min. The isorctaminc (@85 g) rccrystallircd from acetone m.p. 162 ; 
sublimation point I20 125 :O 05 mm [z]: -14.2’ (c 1.02”;: absolute ethanol). (Found: C, 71.9; 
Il. 10.65; N. 10 9. M. wt. by R~Ls~ , 236. C,,ll,,N,Orcqumzs: C, 71.Y; Ii. 10.5; S. 11.2”:. M. wt. 
250). 

(a) Isorefamine monoperchlorare. Crystallized from methanol, m.p. 1Y5 . (f:ound: <‘. 51.6; 
11. 7.7; N. 23.0. C,,lIuN,OCIO,H rcqurrcs: C. 51.4; H. 7.7; N. 22 8”.). 

(b) Isoretamine diperchlorare. 7’0 the base dissolved m mc1hanol. 70”; solu1ion of pcrchloric 
acid was added till Congo red changed to blue. The product crystallized from methanol, m.p. of the 
anhydrouc salt 230 232’ dcc-. (Found: C. 39.5; Il. 6.1. C,,ll,,N,OZCIO,~~ rcqulrc?c: C. 3YY; 
II, 6.25 :;,. 

(c) Isoreromine rfipicrore crystallircd from ethanol as bright yellow nccdlcc. m.p. IYS ‘. (Found: 
C, 45.75; H. 4.6. C,,l1,,N,O 2C,Ii,N,O, rcquirc3: C. 45.76; H. 4.69;). 

(d) Isoreronline nwnoh,~driudide. Isorctaminc (0.52 g) m warm absolute ethanol (2 5 ml) uas 
treated with 3.0 ml hydriodlc acid (sp. gr. : : 1.7) and the product (044 g) crystalltzcd from methanol. 
m.p. 246’. (Found: I. 33.7. C,,lfUN,OHI rcqulrr5 I. 33.5”,). 

(c) Isorercmtine chhloronrercuriafc. To lsorctaminc (0.3 g) in ethanol cone HCI (0.25 ml) and 5:: 
mercuric chloride was added and the product (0.75 g). crystallircd from IO’?, IICl, had m.p. 250’ 
drvl (Found: Hg. 32 85; Cl. 23.2. C,,lIrsN,O Cl,ilgH~~tI,O rcquirr3: Hg, 32.7; (‘I. 23.15”,). 

(f) /soretunrine monoch/oro,-incu/e. Isorctaminc (0.27 g) in ethanol (I ml) was trcatcd with 3 N 
chlorozmcic acid (0 4 ml) and the product (0.51 g), crys1allircd from water, had m.p. 318” dcr (Found: 
CI, 29.8; H,O, 3.78. C,,tIUN,O~Cl,%nl~,~iI,O requires: Cl. 2Y.7; 11.0, 3.77”;). 

?* R. Municr. Bull. Sot. Chim. Fr. 852 (1952); ’ R. Municr. Bull. Sot. Chim. Bid. 35. 1225 (1953). 
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(g) @accry/-isorcruminc (IId) monoperchlorure. Isoretamine (0.10 g) was hcatcd wth acc1ic 
anhydride (1.0 ml) on a stem bath for 30 min. acclic anhydride rcmovcd by distillarion in wcuo, 

mclhan(,l(O4 ml) and 70”; perchloric acid added 1111 ncu1rat. The product crystallized from mcrhanol 
as rhombic pla1r~. m.p. 206-208”. (Found: C. 51.1; H. 7.1; S, 7.2. C~Jt~S~OC(KH,CIO,H 
rcquircs: C. 51.9; H, 7.4; h’. 7.1 y,). 

(h) o-hm;q,l-iroreru,,rine (llr) cfi/l~r/roch/oric/c,. lsorc1ammc (0.18 g) in dry bcnrcnc (0.7 ml) w&s 
rcfluxcd wi1h bcnzoyl chloride (0.5 ml) for 2 hr. The bcnzoyt base. an 011 (0 16 g) in ethanol (2 6 ml), 
was 1rea1cd ui1h a few drops t1CI and crhcr (20 ml) and 1hc O-hcnzoyl-lsorctanlinc dihydrochloridc 
crys1alhzcd (0.14 g), m.p. 213-,215 (anhydrous produc1). (Found: Ct. 16.2. C,,~t,,S,OCOC.l1,~2ii 
Cl rcquircs: Cl. 16 6”,). 

C’h/oroison,ronrine (VI1 I). 
THIS new hasc was ob1aincd from isorctaminc following 1hc technique for chlorore1aminc from 

rc1aminc. Isorc1ammc dlhydrochloride (from isowaminc. 2 0 g, and hydrochloric acid, 2.4 ml). 
well dried. was hcatcd with 1hionyl chloride (2.4 ml) al X5-90 for 1 hr. The reaction prtduct crystal- 
lizcd from acclonc as whi1c prisma1ic nccdlcs ( I .Z g), m.p. 90. ; sublimabon point X0 RS”;O.OS mm; 

I# - 31.3” (c 2 17; absolu1c crhanol). (Found: C’. 66.Y7; tt, 9.5; Cl, 13.0. C,,H,N,CI rcquircs: 
C 670. tt 0.3’ Cl t3.2:‘) * *.*. 

(a) (‘hloroisorerunrine d&rare. Chloroisorc1amtnc (0.05 g) dissolved in the smallcy1 amount 
ethanol. was 1rca1ed with saturated cthanolic solution of picric acid till Congo red paper 1umcti blue. 
The salt (O~OY g) rozys1alliLed from ethanol. m p. 208 .ZOY’. (Found: C, 44.9; il. 4.7. C,,lIUNI 
CI~2CIH,NJ~, rcqutrcs: C. 44.6; H. 4.3 T,). 

lb) (‘hloroisoreranrirte munoperchlorore. The base in merhanol was 1rcarcd wi1h pcrchloric acid 
till jus1 acid, and adjusung the pH with ammonia 10 8. Hy par1ial evaporation of the SO~VCIII, the 
rcac1wn product crys1allizcd. Rccrysrallirarmn from mcrhanol-accionc gave colourlcss prisms m.p. 
196-197’. (Found: C, 49.2; II. 6Y. C,,H,,K;,C’ICIO,H rcquircs: C. 4X.8; 11. 7 I :A). 

(c) Chloroi.rore/amine diyrchbrore. C‘hloroisorc1aminc (0 06 g). dissolved in 1hc minimum of 
mc1hanol. was 1rcattd uith 20”, pcrchloric acid tilt acid. The salt was rccrys1allircd from mcrhanol 
as while nccdlr?i, m.p. 255 256 . (Found: C, 37.4; H. 5 6. C,,H,N,Ct~ZCIO,Ii requires: C, 38.4; 
H. S%“:). 

Chemical fkhat,iour uf Retamine, Isorefantine anal Related Compormd~ 

1. Se~orire reacfions 

Rcraminc and isorctaminc wrc wzovcrcd unchanged aflcr being submi1tcd 10 the following 
rcaclions: Oppcnaucr oxidarion. silver hydroxide oxidation. Clcmmcnscn rrduc1ion. reaction with 
boiling 57:: hydriodlc acid (1 hr), and trcatmcnt with boiling 48 y, hydrobromlc acid (6 hr). 

2. Deh~dralions 

(a) Retamine dehydrarion at I SO wM phosphorus pentoxide. Relaminc (0.5 g) mixed wilt) phos- 
phorus pcmoxidc (4.5 g) was hcaicd a1 130’ for 4 hr. Aficr addirion of ice, the reaction product, a 
basic oil (0.26 g). in N hydrochloric acid (25 ml), was hydrogcnarcd over Adams wralysr (0.037 g) for 
2 hr. The sohnion was made alkaline with 33 3, NaOH and sicam dis1)llcd. In the dis1illa1c (300 mt) 
the base was prccipitarcd with cxccxs picrlc acid. The crude picratc (0.27 g) rwrys1allizcd from 
mc1hanol as ( 1 )-spartcinc dipicra1c (0.12 g). m.p. 205”‘. idcn1ical with an au1hen1ic spwlmcn (mixed 
m.p., infra-red spcclrum. and R, number, AcONa pap-r’. Rat 5. R, 0 82). 

(h) Uerawine dehydration wirh phosphorus penroside aI 200.‘. Rctamine (0.1 g) and P,O, (1.0 UJ 
was hca1cd a1 2CS220 for 6 hr and 1hc product. ahcr hydrogcna1ion. gave a mrx1urc (0.06 g) of 2 
base%: one. in larger proportion. was identified as t-isosparlcinc by R, number, and the other 
idcntilicd. In 1hc same way. as ( - )_sparrcine. 

(c) Isorerunrine ukhydrorioru with phosphorus pentoxide at 130’ and 200”. I& two dehyd&ons 

under similar condi1ions gave the same rcsulls as rclamine, grouped togcrhcr in Table 1. 

3. Reductions 

(a) Reramine reduction with hydriodic acid and red phosphorus (II 200”. Remmine (@t g), red 
phosphorus (0.t g) and hydriodic acid (1 ml; sp. gr. 1.7) were heated in a Katcd tub a1 200’ for 
50 hr. The reaction product wu a mixture of a crystalline solid (@@I g) and oil. The solid - 
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idcntifkd as ( !~)_r-kospartcine by comparison its m.p. 95 115’ and R, number with M authentic 
sample (NaOAc paper. Ba2. R, :- 0.82; KC1 paper. Fk2. RI i 0.76). and m.p. of its dipicratc 
219-220” dec. The oil, a complex mixture. on paper chromatography (Na0P.c paper. Ra2) showed, 
at least. four spots: one of them coincided with that of r-isosparteme (R, - 0.82) and a second with 
that of .Ir’dchydrospancinc (R, 0.55). 

TABLE 1. DEIIYIX~ATIOKS WITH P,O, 
I 

Product to bc I Heating temp. lfydrogcnakd 
dehydrated and time dchydrobasc 

ldcntified 

_ - - - --- - - - - ._ __ _ - .-. -. .- - - -. _ _ __.,_ 
Rctaminc 1.W. 4 hr ( i )-spartcinc as dipicrate 
lsorctaminc 130. 4hr 
Retamine ’ 

( I-)-sparteinc as dipicratc 
200’. 6 hr ( .. )-z-isospartcinc 

and ( -)_sparteinc by its H, 
lsorctamine 200’. 6 hr ( : )_z-uospartcinc 

and ( -)_spancinc by its R, 

Product to bc 
reduced 

Heating temp. ! 
and time 

RcducGan product , Idcmification 

Retamine 

Isorctaminc 

Rctamine 

Isorecamine 

Chlororclamine 

Chloroisoretaminc 

Chlororctaminc 

Chloroisorctamine 

200’; SO hr 

200”; SO hr 

-)-z-isnpartcinc 

-: >.x-isospartcine 

J30’; 100hr - >sparteine 

130’; 1OOhr ( ! )-sparleinc 

2Oo’;sOhr ’ ( i )-x-isosparteine 
and 

( -I )-spartcinc I 

-30’; SO hr 

130’; 100hr ! 

lu)“; 100hr 

( .t )&sosparteinc 

( f )-r-isospartcine 
and 

( I )_sparteinc 

( +>spartcine 

h4.p.; dipicratc; R, 

M.p.; dipicratc; 
diperchloratc; R, 

Dip&ate; 
monoperchlorate; 
dihydrobromidc; 
bisulphatc 

Dipicratc; R, 

Mp.; R, 

Dipicratc; R, 

h1.p.; dipicratc; RI 

RI 

& 

Dipicratc; RI 

(b) Isoreraminc rea’ucrion with boiliqq hydriodic acid and red phosphorw. Isoretaminc (QZS g). 
red phosphorus (@6 g) and hydriodic acid (6 ml; sp. gr. l-7) was refluxed for 100 hr. After tn%mcnt 
with zinc dust (@5 g), the product. an oil (0.28 g), in pet ether (2s ml b.p. S&70”) was chromato- 
graphed on alumina (10 g). Elution with pet ether gave (i-) spartcine identified as dipicratc (0.13 g). 
m.p. 204-205 ‘. by comparison with an authentic specimen. 

(c) Other rrducrionr of related compowtds with hydriodic acid and red phmphorw. Many other 
reductions were carried out under similar conditions and wilh similar ruuh.a. which arc grouped 
together in Table 2. 
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(d) Chloroisoretamine reduction throqh the respectice Grignard wmpopnd. Magnesium (0.1 g) 
in anhydrous ether (8 ml) was treated with bromobcnzcnc (@47 g). After the reaction had proceeded, 
chloroisoretamine (0.27 g) was added and the mixture refluxcd for 13 hr. The reaction product, 
hydrolyscd by dil HCI, was an oil (0.20 g) from which ( ,i)-z-isospartcinc (006 g) was isolated and 
idcntiticd by its m.p. 95-l IO“. picratc m.p. 218” dcc. and pcrchlorate m.p. 264” dcc. 

(e) Chlororeramine reduction through the respecrice Gr@ord compound. When the reaction 
between magnesium (0.14 g) and ethyl bromide (0.38 ml) in anhydrous ether (IS ml) had started, 

_ 
Starting compound 

--- -- 

Chlororctaminc 
(0.68 9, 

Reagent 
-- 

107: NaOH,‘EtOH 

Reaction conditions Reaction product 
- - ._ ._-- _ __ 
IO days, room temp. 

or 15 min steam bath : Isorctamine (0.54 g) 

Chloroisorctamine 
(0.25 g, 

10% NaOH;EtOH YO min steam bath 

Chlororctamine 
(@log, 

Chloroisorctamim 
(@13s, . 

H,O (Cu,Cl, trzc) ! I hr; steam balh 

H,O (C&l, trace) 30 min; steam bath 

Chlororctaminc ’ AgOAc/AcOI I 
(0.22 g monopcrchlontc)’ (099 g/5 ml) 

I 
Chloroisoretaminc AgOAc/A&H 

(0.16 g) (Q08 g/5 ml) 

Chlororctaminc AgOH/EtOH 
(0.10 g) 

Chloroisoretaminc 
(0.10 g) 

Chlororetaminc 

Chloroiso~laminc 

: AgOH/EtOH 

j NaOEt/EtOH 

NaOEt/EtOH 

I 
rcflux. I5 min 

rcfiux. 15 min 

-4hr; roomtcmp. 

45 min; steam bath 

24 hr; steam bath 

2 hr; steam bath 

A”-Dchvdrosoarteine 
(0.21 g dipcmhlo- 
rate) 

; Isoretaminc (0.08 g) 

, A”-Dehydrospartcinc 
(@3 g dipicrate) 

! O-Aatyl-isorctaminc 
1 (0.16 g monoper 
’ chlorate) 

A”-Dchydrospartcinc 
(0.15 g dipcrchlo- 
rate) 

! Isorclamine (008 g) 

~5”-I)ehydrospartcine 
(@OS g free base) 

lsorctaminc ethyl 
ether (see below) 

A”-Dehydrospartcine 

chlororctaminc (0.2 g) in ether (10 ml) was added and the mixture rcfluxcd for 2 hr. After acidic 
hydrolysis, the product (@18 g) in pet ether (40 ml) wad chromatographcd on alumina (8 g) and the 
first 8 fractions clutcd with the same solvent, gave a colourlcss oil (0,055 g) which was converted into 
(.t tsparteinc dipicratc, m.p. 204-205”. The last fractions elutcd with pet ether/benzene (1011) gave 
a sohd. which after sublimation (O@I g) was convcrtcd in picrate m.p. 215-216” dcc and identified as 
a-isospartcinc dipicrate. 

(f) Chlororetamine reduction with zinc dust and hydrobromic acid in ace& a&i. Chlororctamine 
(0.25 g). hydrobromic acid (2 ml; sp. gr 1.38). zinc dust (I.5 g) and aatic acid (10 ml) were rcfluxcd 
for 20 hr. The rmction product, an oil (0.21 g). treated with aatone, gave crystals (0.03 g) of ( - >r- 
isospartcinc. The oil separated from the crystalline solid in pet cthcr (50 ml; b.p. 5&70’) was 
chromatographed on alumina (10 gJ. The 6 first fractions clutcd with the same solvent. gave an oil 
(0,035 g) identified as (+)-sparteine by mixed m.p. of its dipicratc (204O). 
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(9, Chloroisoreramine reduction with sodium and erhanol. Chloroisorctaminc (0.25 g) in absolute 
ethanol (25 ml) was treated with sodium (3 g). The reaction product. sIcam disrillcd was 
prccipilated with picric acid. The prccipitarc (0.52 g). aficr rccrysIadizaIion from acetone, was 
identified as ( t )-spartcmc dlplcratc. m.p. 204-205.. The idcntifiaIion was confirmed by m.p. and 
rmxcd m.p. of its perchlorate (I 70‘) with ( I )-sparIeinc monopcrchloratc. 

(h) Attempted reduction of chluroreramine with sodium and ethanol. Chlororetaminc (0.56 g) in 
anhydrous crhanol (SO ml) was IrcaIcd with sodium (6 g). The product worked up as in Ihc foregoing 
prcparalion gave only an impure picratc. The base (0.32 g) from Ihc crude picratc (090 g) in mcth- 
anal. was IrcaIcd with 20:; pcrchloric acid ttll acid. The rcacIinn product, crysrallircd from methanol. 
m.p. 232’ dcc. was idcnrificd u IIh isare/umine r/by/ e/her (Ilc) di~rch/oru/r by iIs mixed m.p. and Rr 

number (NaOAcpapcr. Ba2. H, 08X-KCI paper. RCIO. RI O+%-MonopoIassium phosphaIc 
paper. n -Rutanol/waIcr. R, 0.60). 

4. Chlororetamine nucleaphilic urhstirurions and chlaroisare/amine eliminations 

‘Ihc same nuclcophilic rcagcnls, causing subsIuuIions in chlororctaminc. bring about climmauons 
with chloroisoreraminc. Chlororctammc always yields isorcraminc when trcatcd with nucleophilic 
rcagcnrs contaming the llc> ion, uhcrcas chloroisorcraminc always affords 1”-dchydrospartcinc wuh 
Ihc same rwgcnls. 

Table 3 ~IVLZ comparative cxpcrimcnls: 
Chlororeramine reacrion wilh sudium alcoholnre. Chlororetaminc monopcrchloratc (0.5 g) was 

added IO a solution of so&urn (2 g) in anhydrous ethanol (30 ml). The soluIion was heated for 24 hr 
and steam disIillcd. To the daIillaIc (750 ml), pcrchloric acid was added (blue colour with Congo 
red) and Ihc iroreramine ethyl ether (11~) diperchlorate (0.48 g). crystallircd from methanol. had m.p. 
233 234 dry (I’ound: C, 42.X; H. 6.X; N. 5 6. C,,H,N,OC,~t,~ZCIO,H rcquucs: C, 42.6; 11. 
6.7; N, 58”,). 

The free bare. an oil b.p. l25-127,jO.I mm. was converted into isoreramine ethyl ether 

manoperchlora/e. m.p. I55 IS(,” (Found: C. 54.5; H. 7.4; X;. 7.2. C,,Ii,,N,OC,H,CIO,H 
rcqulrcs: C. 53.Y; H. 8.2; N, 7.4”“). 

Clcavagc of isorctaminc ethyl cIhcr dipcrchloratc (0.20 g) with boiling hydriodic acid (4 ml; 
sp. gr. 1.7) gave aorctaminc (0.03 g) m.p. 161’. 
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