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Abstract-The mrramokcular qchration of the rerfiar) amme\ 131 wth pora\\rum amide In lquld ammonra afiordr 

a barrely of un<)mmcrrrcal r\oindolmcs (5) and wmdalc\ (61. 

II has recently been shown that the reaction of N - 2 
- chlorohenzbl - h’ - methylaminoacelonirrilc with po 
tassium amide in liquid ammonia gives ?-mcthylisoindole 
in X’S& yield.’ The scope of this reaction has now hcen 

investigated and the extension of this mcthcd IO one of 

more generality is described in this report. 
The isoindolincs (51 and isoindoles (0 have hecn 

synthesised in IWO steps from N - 2 chlorobenzyl - N 
methylamine (I).‘.’ In the first stage a tertiary amine (31 
was prepared (Table I) and this was suhscqucnrl) 

cyclised by treatment with potassium amide (4 cquib I in 

liquid ammonia for 0.5 hr.’ In view of the heat and au 
sensitivity of rhc producls (5 and 6) it was clearly ad- 

vantageous to generate the arync intermediates (4) a~ a 
low temperature (- 33’) and to form the products in an 

atmosphere of ammonia. These factors contrlhured IO 

the reduced degree of decomposition and oxidation of 
the unstable products and thus IO rhc comparatively good 
yields. In this respccr II ~‘a\ ohscrbed that the iso- 

indolincs and isoindoles were relarivcly diff~culr IO 

preserve even under a blanket of purified nitrogen. The 
cyclisations were carried out on a O.OZO-O.O!Z Icl scale 

- 

and the diffcrcnt isoindolines (5) or isoindoles (6) were 
prepared in substantial quantities as compared IO existing 

methods.’ 

The results of the potassium amide-liquid ammonia 
reactions arc summarised in Table ?. II will he seen that 

cyclic products were obtained from compounds 3~. 3b. 

3d. 3f and 3g. but nor with compounds 3c and 3e. We 
suaest that 3c failed IO cyclist because the presence of 

acidic hydrogens on the nitrogen of the amide group 
prcventcd carhanion formation: 3e yielded an unidcn- 

tificd polymeric producl. 

Keacrion with the ester (30) gave a complex mixture of 

the cycliced e\tcrs (5s and 6s) and the amides (Sb and 6b) 
and with the ester t3b) a mixture of the amides (Sb. SC 

and 6b) was obtained. Evidentlv under the reaction con- 
ditions ammonolysls of the cyciised esters was occuring. 

(‘omplere ammonol)G of 5s and 6a was accom- 
plished b) treatment of the mixture after cyclisation 

with n-bury1 lithium; the latter was known IO he an 
effective rcagcnt for promoting the conversion of ester\ 
to amides m liquid ammonia.* The yield of the isoindolc 

(6s) was \uhstantially improbed by oxidation of So in the 
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l’ahlc I Preparation of subs~~ru~cd !~Chlorohcnq4amines (3)+ 

Compound R R’ 

b.p.ilorr 
m p. (solcent) 

Slartinp 

matcrlal Ylcld 

Reaction 

conditions 

k H Co(.)El 

3h CMIEI CWEl 

k H COSH? 

3d H COPh 

k H N3, 

- 

w H 

-c \ 1’ 

k Ph CS 

1w 109io. I 

129-131iO.l 

T-78 
klhanol) 

decomposes on 

heating 

1b4-IblVO I 

118-12010.1 

44.s-45.5 
(pcl:Clkf 

bo-80) 

90 Ethanol. I hr 

reflux 
82 Ethanol. I hr 

redux 

64 Methanol. ! hr 

rcflux 

88 Methanol. 1 hr 

rcflux 

2e 84 hlerhanol. I hr 

rcflux 

2I Iu) Methanol. I hr 

r&x 

2K 79 Methanol. 4 hr 

rcflux 

+Compounds 3a-g all gave \atisfacrory elcmcntal analyst\ for C. H and S exccpr Y and all had spcctro\copic (IR. 

I:\‘. NMR) properks con&en1 with their assigned structures. 

‘I’ahle 2. Reaction of polarslum amide m liquid ammonia with compounds k-g 

SUbSlrdlC 

so. 

Cyclixd product 

lsoindolim ! Isoindole 6 

other Y icld m p. 
R: R’ R’ R’ product (74) (solvcnrJ 

34 k 
sb 

6a 

6b 

Jb Sal 

5c 

6b 

k - 

#9 bc 

(d 

3r -- 

3f sd 

5 * 

H 

H 

- 

- 

If 

CONH> 

- 

- 

- 

- 

- 

H 

Ph 

CWEI 
COSH: 

- 

- 

COSH> 

CONH: 

- 
- 

H 

H 

- 

- 

H 

- 

H 

(‘OPh 

- - 
- - 

uxm - 

mm: - 

- - 

- - 

COSH: - 

- hmmarcd! 

producl 

COPh - 

COPh - 

- Lmdentified 

polymeric 

product 

- - 

9.6 
0.9 

6: 

II 

II 

!! 

9 

5.6 

27 

n 

- 

7’ 

9? 

- 
l85- I87 

(ethanol) 

C&.(6.5 

(n-pcnIanc4hcrJ 

!l.c-!I7 

(methanol) 
lU.Ll87 

(ethanol) 

I%-198 

(ethanol) 

!I>-?I7 

I methanol I 
IT!- I?4 

(cthylacclatc) 

IO! 

tn-pcntanc*thcr) 

I8!- 18b 

(n-pcnlane4Wt 
- 

l7b- 17X 

(ethanol-ether) 

+All the lsomdohnes and isoindolcs gi\e a green colour with F.rhlich‘s reagent cxcepl 66 

tProbatrly N-trammohenzyI~h’~methylammoacc~am~&. isolated as IIS acetyl dcrivatlbc. which gave satisfactory spcc- 

tro\cop+c and elemental analysts. 

Uogcthcr u-lth 6c and 66. hcncamrdc and S~me~hylphthalimide were also isolated. 

mixed eskr fraction with chloranil.’ However similar resulted in the formation of the I.3dibenroylisoindole 

treatment of the 4-pyridyl isoindolinc (Sd). formed in high (6d) and N-methylphrhalimide”.’ and 1.3 - dicarbcthoxy - 
yield by cyclisation of 31. failed IO give the correspond- 2 - methylisoindolc was detected by mass spcctrometry 

ing isoindolc. Autoxidation of the bcnroylisoindolc (6~) among the autoxidation products of 5s. 
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it is noteworthy that the cyano group of 3g was not 
eliminated after cyclisation. as in the formation of 2- 
methylisoindole. but was aminated affording the amidine 
(Se) in excellent yield. 

expFRtwNr At. 

M.ps were determined on a Gallcokamp m.p. apparatus and are 

uncorrected. IR spectra wre recorded on a Untcam SP?oo 

spectrometer ljV spectra in 96% EtOH solns ucrc recorded on a 

Lntcam SPtWOA spcctromcter Ma\\ spectral measurements 

were performed by PCMU. Hanvell U.K. PMR spectra uere 

recorded on a PcrkinElmcr RI? R spcctromttcr. using WS as 
an internal standard: chemical thtfts arc reported in 6 units tppm 

dounficld from ‘TMSl. Ether or dichloromcthnnc extracts of 

mixtures acre dried ocer MgSO,. 

?i . ? . CMwvbtn:~f . S mtrh!_fummr 11) cas prepared h) the . 
method of 1.~11 cr ol: reductwn of the SchifT’\ hasc was carried 

out with sodturn twohydride tn &OH ’ 
General mtrhod for rhe ptt~ararian t)f rht rt&rrs amino 

O&g). To a win of 2 (0 IO mol t tn MeOH or EIOH (40 ml) was 

added dropwsc S 2. chlorobcnryl N mcthylaminc (0.2 mall. 

The mtxturc was maintained at retlux tcmp for l-4 hr. the 

solvent was evaporated under reduced pressure and ether uas 

added IO precipitate S . 2 chlorobenr)I N . mcth~lamtnc 

hydrochloride or h)drobromtdc. The ppt u-as recovered h) 

tiltration and washed uith ether. The combined ethcrcal uashings 

and filtrate were conctntratcd and the rcstduc ohtaincd was 

purified by distillation On. 3b. k and 3fl or chromatagraph) LW 

on silicd gel. clutmg uith ether-pet ether 6&x0 (4. I) or 

cr)-\talli~atron (3~. %I The lieIds. m.p\ or b.pv and reaction 

condittons are recorded in Table I 

Utodon of 3 mirh porasrium omrde in liquid ammoniu 

Citntruf prartdurt A mixture of potassium amide (4 equict and 

the substrate .%I eqmv 1 m dr! hquid ammonta t6OOmlt was 

stirred for 0.5 hr. After quenching the mixture vvith ammonium 

tutrate (4 5 cqutv 1. the liqutd ammonia was allowed to evaporate. 

Water and ether vverc added and tnsoluhle material. if present. 

removed hy filtration. ‘The filtrate uas separated into two layers 

and the aqucouv la)er repcatcdl) extracted with ether and/or 

dichloromethanc. The combined organic extracts vscre vvashcd 

with brine. drtcd and evaporated IO gtve an oil or a solid. The 

crude products ucrc purified h) tuhhmation (Sb. (Lb and Sd) or 

chromatography tSa. 6a. 6c and (dl or crvstalliration (SC). fol. 

lowed b) rccrv\tallizatton from a suitable solvent. ‘fable 2 shous 

the products tsolated In each reaction. their yields and m.ps. 

Their isolation. analytical data and spcctroscoptc properties are 

given bclou 

lsola?ion of rht rtacrion pradurrs from JI 
Follovving the general procedure. the *atcr and cthcr insoluble 

solid recoscrcd was fractionally suhhmed 10 grve R. subliming at 
IIO-~~O/O.l mm and 6b. suhhming at l65-17Q0.1 mm, in 1% 

and IIS yields. The aqueous filtrate was cxtractcd with ether 

and the comhmcd ethereal extracts and washings were washed 

with hrinc, dried. concentrated and the residue obtained ua\ 

chromatographed on a \rlica gel column I 1.30 w!vvl cluting with 

n-hcxane-cthcr (4: I) and n-hexanc+thcr (7’ 3~ to give b and 5n 

in 7% and IO?5 yields rcspectivcl) ‘The ! icld of 6a was improved 

IO 4WZ ty treating the cthcrcal extract and uashntgr utth 

chloranil and rcRuxinp in xylene for 3 hr before chromatography. 

In another experiment the mixture uas treated with n.Bu1.i 
tl.Mcquivl before adding ammonium nitrate. ‘This resulted in 
improved @elds. 32.59 and !W+ of Sb and 6b. 

I-Cartrtdt~x~-?-mtfh~~i~~~~ada~~nt 68). An unstable liquid, 
high) scnsnivc IO air IK (film) l%U ((‘4)). I730 I(‘=()). 750 t=CHl 

cm VW tCCI,l. I.?? It. 3. J ? .C Hz. CH,l. 2.6 ts. 3. S-Me). 

3 ?-4.6tm.!.(‘~~~:(‘H:-:.-(.H) * 3 . I _-7.!tm.t.aromaticl;fS~‘-2)at 
mle 203. 

I.(‘arhtrhox~.?-mtIh?liJoindolp ((I) A hght.yellou crystal. 

line compound. slightit darkens in air 1R tSuloll. 1685 (C-t)). 
XOct1C‘H~.~7?(~H).~59t=C‘H)cm ’ Ut’: A,,.WG~ IitOH);230. 

234 sh. 255.262.S. 257.5.2W. 296.321 th. 33s. 359nm; SWRtCCI,): 

1.45 (I. 3. J = 7.5 Hr. CH,). 4.45 tq. 2. J i 7.5 Hr. (‘Hz). 4 2 ts. 3. 

N-Mel.7.~8.2!~m.~.aromaticl: Y’ at mle203. (Found: C.71.07; 

H.6.4L S-6.69. C,:H:sS02 1203.291 requires: f, ?0.91: H.6.44: N. 

6.M 1. 

?..~~trhvflsoindolint-I-carhoxamidt (Sb) A uhitc crystalline 

compound. IR (Vujoll: 33% (NH). 3X@ (NH). 1665 tC=CJl. 745 

f=CHicm ‘: i!V: A uI t%!Z EtOHl; 258. 2645. 271 ! nm; SHR 

tacctoncdl, 2 6 ts. 3. S-Mel. 3.5-4 5 tm. 3. Clir i -C’Hl. * !- 

74 tm. 4. aromattc: 2. COSH.; exchanrzcablel. (5l’-CONH,l at 

m/t 132 (Found. C. 6lt.16: H, hg?: S. l-5 99 f’,,H,:S+) 1176.22) 

requires. C. 6fLls: H. 686; S;. I! v(1s;El. 

2..~ttrhv/iroindo/t-I-corholamldr lib) A stable )CllM 

crvstalhnc solid. IR tSu~oll: 3325 tSHl. 3135 (NH); 1636 tC=Ol. 

1603 (C-Cl. 764 t=CHt. 730 t=CHlcm ‘; L’V: A,, (96% EtOHl; 

230. 2.34 sh. ?Cg, 264s. ?8.(. VI sh. 335.5. \49nm; NMR tIMSO- 

d& 4.15 ts. 3. S-Mel. h.A7-?YU tm. 5, aromatic: 2. COh’H:. 

cxchangeahlej; M(’ at m/t l7J. (Found: C, 6n.97; H. !90: 5. 

1602 (‘,oH&:O (174 201 requtrer: C.U.94: H. !.7Y: S, IhOXQl. 

After separation of sb and 6b h}- filtration and cxtractian uith 

ether. the aqueous phase was extracted continuously wth dtch- 

loromethanc for 4 hr The extract was dried and concentrated to 

gore whrtc crystals of k m 2% )icld 

?-.)ftfh~tirotndrtfinc-1 .I~dtcarbr~amidt (SCI. A stable white 

crystalline compound. IR (Sujoll~ 33% tSHt; 3lllo (NH). I690 

(C-0). 735 (=t’Hlcm ‘: U\’ A,., t%q EtOHl: ?!g\h, 265. 

X? nm; NYR tCDCl,l- 2.71 t\. 3. N-51~). 4.34 t\. 2. (‘Hz). 5 x0 

ts. 2, COSH,. etchangeahlel. 7 2-7.5 (m. 4. aromatic). R.00 t\. 2, 

COSH:. exchangeable); hl’ at m!t 219. (Found: C. 6023; H. 

! 99: S. 19 37 C,iH,,SrO~ 1219.231 rcqutrcs: C. 60.26: H. ! Y7; 

S. 19 IX). 

Isolarion o/ fht rtatwn produr-rr from M 
Follou-ing the general pruccdurc. the aqueous phase was cx- 

tracted with ether. The cthcrtal extract was chromatograpbed on 

a sihca gel column (I : 30 NW) cluting uith ether-pctcthcr 60-Ro 

(I ‘41 to give 6~. which was found to be air-sensitive. Further 

clution of ~bc column uith ether-pet ether 60-x0 13:2l gave (d 

which resulted from the autoxdation of 6~. 
I.Rtn:oyl~!.m~h~/i~oindolc Ocl. A yellow compound, under. 

goes rutoxidation to 6d and S-mcth)Iphthalimide. IR (Su~ol): 

1600 tt’=ol, 1590 (C-C). t92 t<Hl. 755 r=CH,. 740 t=CHl, 720 

t=CH). ?oO M’Hl. 670 t4’Hlcm ‘; UV: A_. (96% EtOHl: 237. 

2C3 sh. 2g5. 37l.! nm: SMK ((‘(‘I,): 4.14 ts. 3. S-Mel. 6 b7 9 tm. 

IO. aromatic); M* at m/t 23’. (Found. C. W.62; H. 5.73: N, 5 %. 

(‘,,H,,SO (235.271 rcqutrcs: C. X1 67: H, ! 57; S. ! 9<Qt 

I .3~~ben~o~f~!~merh~/i~o~ndok M. A ycllovv solid. oxidiscs 

rapidly in air to S~mcthylphthalimtdc. IR tSujoll. 17111 tC=CJt. 

‘!Ot=CHl,‘IOt=CH)cm ‘; SUR tc’C’l~l4.4l ts. 3. N-Mel. 6.g ts. 

4. aromatict. 7.3-g I tm. IO, aromattcl: M1’ at mir 339 

I.(~.P~nd~l).?.mtrhvliromd~~/int tSd) The residue obtained 

from the ethereal extract was tuhhmcd to give Sd a white 

cr)-stallmc solid, which changed to )cllou u hen exposed to air. 

IR tSupl): 1600 tf‘=Sl. x03 t=CHf, 751, t=CHl cm ‘. US h,, 

(WC? EtOHl: 2SI sh. 257. 264 , ?713 nm: SMR tCCI,l: 2.4 ts. 3. 

S-MCI: 3.5-4 6 tm. 3. CH-S-(‘Il.). 6.6-7 - tm. 6. aromaticl. X.5 

td. 2, J ! 5 Ht, aroma!&). (U--l; at m!t 209. tFound: C. 8003: 

H. 6.59: S. I3 2s. C!,H,,S: t210.27) requires C. 79.%; H. h.‘l; N. 

I! 32%). 

A white soltd. isolated as water and ether insoluble material. 
IR (Sujoll: .34&l (SHl. 3420 (NH). 3240 th’Hl. 16&l tC=N). 765 

t4.H). 755 t=CHl. 70.5 f=CHlcm ‘: US: A,. t%s EtOHl; 264 

2715nm: NMR tCIlcI,l 2 I? fs. 3, N-Mel. 3.35-4.4s tdd. 2. 

J - 14 Hr. CH,l. 5.3 ts, 3. HS;-(‘-NH.). cxchanrtcahlcl. 6.8-7 s 

tm. 9. aromaticj; l!.f’-CHIN!) at m/t 2&: anal&d as its ptcrr~c 
(Found: C. 55.05; H, d.Ig, N. 17.66. Ct:H&OL rtqutrcs. C. 
54.99: ff. 4.195: Ii. i:.JyT,l. 
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