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Abstract Eloven Caibinols of general formula s=~hc&~12c+~|?c1-4(or~m:«'n2 (R'=H, CH,,.
Csz. CH_Ph: R%=Ph, p-CH,OCH, 1-C H, PhCH, 2C H, 2-CH,S, 2-C H,0) were
prepared and thelr behaviours under the infiuence of AICI,. AICI-CH.NO_, 85% H_SO,,
PPA, NaHSO, and/or K10 montmorilionite were investigated, The producis resulting
from cyclisalion, elimination and/or polymarisation were identified by both chromato-
graphic and spectroscopic techniques. Interpretation of the results in terms of
catbocation transtormations and steric interactions was presented.

lnlroduc!lgn

As part of our on-going interest on the synthetic potentialities and mechanistic
interpretations of Friedel-Crafts cyclialkylation reactions'?’ we have undertaken the
syntheses of ten mostly new andalkanols (namely. 18-K) with the aim of testing their
cyclialkylation behaviours under various Friedel-Crafts conditions. This paper de-
scribes the results of these testings, offers plausible mechanisms to explain themn
and correlates them with earlier related results in the series.

Results and Discussion

The general route chosen for’ the syntheses of starting andalkanols la-K is
formulated in equation 1 (Table-1). Meanwhile, the results of their treatment under
various Friedel-Cralts conditions, as detennined from combined chromatographic
(TLC.GC,GC-MS) and spectroscopic data (IR, 'HNMR), are depicted in Tables 2
and 3.

Examination of Table-1 reveals that the carbinols la-K can be sorted out into
two distict types based on their experimental behaviour under the applied Friedel-
Crafts conditions: (1) carbinols 13- that proved to be capable of ring closure to
Indans and/or tetralins, and (2) carbinols 1f-K that failed to cyclise yeilding alkenes
and/or polyiners instead.
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No RI RJ No R‘ R,
13 CH, Ph _lg_ CH_‘ l-CwH’
1b CH, pCHOCH,  1h CH, 2CHS
ic CH, 2:C H, Xi CH, a-C,HO
1d C,H, Ph i H 1-C, H,
1e CH, PhCH, 1k H 2-C H,
1t Ph PRCH,

Of type one carbinols, 13:C upon treatment with AlCla-CHsNOT PPA, sto“,

H:,’l"’O4 and/or K10 clay gave products consisting of varving proportions of

respective 1-aryl-1-methyiindan 2 (from direct cyclisation), 2-of 3-and-1-methylindan
3 (from subsequent dealkylation-realkylation), 3 methylindene 4 (from subsequent
deallodation) and E-and/or Z-2-ani-4-phenyl-2-butene 5 (from elimination) in addi-
tion to presently unidentifiable vomponents Scheme-1, Table-3, Entries Nos. 1-11)

Series a. R'=CH,. RZ = Ph; Serles b : R' = CH.. R? = p-CH,0C.H
3 1 2 3 3 a4
Series ¢ R = CH3. R -2-C10H7

Scheme 1

The case of carbinol 1 is rather interesting. Treatment of this carbinol with
AlCL,, Ale-CHsNOz. PPA, H,SO, and H,PO, gave similar products consisting
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mostly of the rearranged closure product: 2-methyd- L-phenylietrghn (&, mainly: {raps)
mixed with varying proportions of the direct closure product 1-benzyl-1-methylindan
9 and the elimination products 1,4-diphenyt-2-methyl-2-butene 10 and 1.4-dipheny1-
2-methyl-1-butene-11, mainly E-isomers. These results reveals that rearranged
secondary. benadic carbocation clasure to a G-membered tetralin via 7 is favoured
over direct ordinary tertiary carbocation closure to a S-mambered indan via O
{Schemae-2)

Toble-l. 'HNMR data ‘of stanting carbinols la-lk.

Comnp. '"H NMR
No 8 ppm (CDCL)

1la 1.53 (s, 3H.CH), 2.13(m,2H,CH,), 2.4%m,2H,CH,), 2.38(bs,1H HO)
and 7.36 (in, 10H,Ar-H) :

1b 1,545, 3H.CH), 2.16(m,2H,CH.2.53(m 2H,CH,) 2.71{bs,1H HO),
3.71 (5.3H,0CH,), 6.83{d,2H ArH), 7.29(m.5H Ar-H) 7.43(d 2H Ar-H).

1.61(s.3H.CH)), 2.36(m,2H,CH ). 2.58(m,2H,CH,} and 7.53 ppm
{m,12H,Ar-H).

1.76(t.3H.J=7HzCH ), 1.63-2.88(m,6H.3 x CH)), 3.18(bs,1H-OH).
and 6.93-7.54 (m,10H Ar-H)

1.171s,3H,CH,),1.73(m,2H,CH,} 2.31(bs,1H,HO) 2.64(m,2H,CH,),
* 2.76 {s.2H,CH,) and 7.31{m,10H Ar-H).

if 1.81 s, 1HOH), 2.23(m 2H.CH,). 2.54(m 2H.CH,)3.17(m 2H.3H,) and
7.39 (m,15H,Ar-H).
1g 1.59(s,3H.CH,), 2.43(m.4H.-CH,CH,-), and 7.48 (m.12H Ar-H).

1h 1.63(s,3H.CH,). 2.29(m,2H.CH,), 2.67(m.2H,CH,), 6.69(d.1H.J=
5Hz Ar-H), and 7.23 (m.,7H.Ar-H).

1i 1.53(s.3H.CH,), 2.18(m,2H,CH,-), 2.48m.2H.CH), 6.23im.2H Ar-H), 7 29
(m,5H,Ar-H) and 7.36{m.1H Ar-H).

1j 1.90(s,1H.OH), 2.26(m 2H.CH,) 2.83(m.2H,CH},5.49(t.1H, J=7Hz,CH) and
7.63 (m,12H Ar-H),

1k 1.88(s,1H.OH), 2.26(m,2H,CH,). 2.76(m,2H.CH,). 4.83(t.1H, J=7Hz.CH)
and 7.58 (m,12H,Ar-H).

3
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Scheme 2

Another significant finding of this study relates to the comparative cyclialktation
behaviour of carbinols 1le and 1f in which R! was methyl in the former and phenw
in the latter. While le resulted mostly in cyclialkylation products with little elimina-
tion {Entries Nos. 12-22} (Table-3}, If failed to do so resulting mainly in elimination
to 1.2 4-tripheny1-2-butene 12 and 1,2.4-triphenyl-1-butene 13. mainly E-isamer
(Table-2, Eq-2). This difference is probably due to steric factors, as the bulkier
phenyl group will exert more steric strain on both the cylialkylation intermediates
and their expected products. Accordingly, elimination and/or polymerisation become
the favoured reaction pathways.

, CH, Pt P e
caial
Ph

u S b <43

rml

Furthermore. on comparing the results of |e with those of the earlier data
nzpomedls for 'ig, one striking difference can immediately be recognised. That is
cyclisation to both tetralin {mainly) and indan derivatives (8 and 9, respectively) in

the case of le but only to I-ethyi-1-phenviindan (14, Eq. 3) in the case of id. As
the earlier data for 1d were determined only by GC-MS, we found it essential to
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affipn thom alsa by 1 NMR Lefare any defipitive  ¢anclusiony can be drawn
Accordingly. the réachion of 1d was repeated with H S0, and further explored with
/\'.CLi and NaHSO, The now tesults {Entries Nos 24 - 20 (Table-3) while asserling
ihe lack of tetralns in the proshucts, reveatad that the alkene fraction was a mnxiure
of isomeric 1.3-diphenyl-2-pentencs 15 and 3.5 diphenyl-2-pentenaes 156 with the
E-iseipers predoninating {Eq. 3}

Ph
ﬂuzkil + PhM
HO Ph @ H‘ “ CH,CHY
h
ji 1

1d ()

Pha~s Gt
=,
Ph H

16

Based on the forthgoing results, it can be concluded that direct tertiary benzylic
carbocation closure to an indan is apparently favoured over rearranged ordinary
secondary carbocation _clasure to 2 tertralin. That is contrary 1o the finding® that
rearranged ordinary secondary carbocation closure to a tetralin 1s favoured over

direct tertiary carbocation closure to an indan as illustrated by Eq.‘.

AIC1y CHNOs
#
et eaher . 20 *
)
% 19%

(cis + trans }

Turning 1o type (2) carbinols, it can be seen from Table-3 (Entries Nos. 27-40)
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Tadle 2. 1“ NMB data of ehmination and epelicat

Ca LR B - R 1
Comp ‘H NMR
No § pom (CDQ,)

2a 1 l6-2.S7[:n.4Hs!CH2)-l. LS()(SBH.CH?} and 7.19 ppm {m. H.ArM:
2t 1.73 !s.3H.CH3). 217269 (:1:.3H.HCI!CHzi.Z‘)-’)!m.lH.CH).
and 7.48 (m.12H.Ar-H)

2-2a 2.10(s. 3H. CHRL 3.34(d, 2H, J=6Hz, CHZI. 5.69(:. 1Hin JubHz =CH), and
7.36 (mn, 10H, Ar-H),

E-532.18s, 3H, CHS). 3.56{d,2H, J=6Haz, CHZ" 5.69(t, 1H, J=6Hz,=CH), and
7.36 (in,10H, Ar-H)

Z-5b 2.13 (s, 3H, CH3L 3.56(d.2H, J-6Hz.CH2}. 3.73(5,3H,0CH3). 5.61(t.1H,
J=6Hz.=CH), 6.78d.2H, J=bHz Ar-H), and 7.29 ppm (in, 7H, Ar-H).

E-5b 2.19(5.3H,CH3). 3.75(d.2H, J-6Hz.CH2) 3.88(5.3H,0CH3). 5.89(t, 1H,
J=6Hz =CH), 6.86(d, 2H, J=6Hz Ar-H), and 7.29 (n. 7H, Ar-H)

Z-5¢ 2.09(5.3H.CH3). 3.43(d.2H, J-SHz.CHZJ. 5.73(t,1H, J=5Hz, =CH), and
7.59 (n,12H.Ar-H),

E-Bc 2.19(5.3H.CH3). 3.23(d.2H, J-SHz.CHzi. 6.15(t,1H, J=5Hz, =CH), and
7.59 (m,12H.Ar-H).

53 2.11(3H.CH,), 3.62d.2H, J=5H2,CH,), 5.78(t,1H, J=5SHz, = CH), and
7.63 (m,12HArH).

E-5g 2.18(5.3H.CH3). 3.05(d.2H.J-5Hz.CH2). 5.85(t,1H, J=5Hz, = CH), and
7.65 (m.12HAr-H). .

Z:5j 3.58(d.2H, J-6Hz.CH2). 6.23(t,1H, J=Hz=CH), and 7.69 (m. 13H, Ar-H).
E-5] 3.63(d.2H, J=6Hz,CH), 6.49(t.1H, J=6Hz, = CH). and 7.69 {m,13H,Ar-H).
E-Sk 3.69(d.2H, J-6Hz.CH2). 6.58(t,.1H, J=6Hz, «CH). and 7.58 (m,13H.Ar-H).

8"  1.09(d,3H J=5Hz, CH,, trans-8), 1.84(d,3H, J=8Hz, CH,. cis-8), 1.32-2.25
(complex m, 8H.2CH2CH2, cis-and trans-8), 3.08(m.2H.2CH-CH3. cis-and

trans-8). 3.76 (d.1H.J=5Hz, CH-Ph. trans-8], 4.19 (d,1H.J=8Hz, CH-Ph, cis-
8), and 7.28 (m, 18H, Ar-H).
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Totle 2. Costmod
£-10 1 69(s.3H CH.). 3 3*8(5.2!4.CHzPH). 352,200, Judila CHLPBL 548014,
=CH.J=5H4, and 7.32 {n.10H, Ar-H)

£-11 1 86<.3H.CH, ). 2.48m. P‘:ICH_ZCHZI. 2. 7500, 2H PhCl iszizl 6.26/s, 1M, =CH,
and 7.32 (in,10H Ar-H)

E-12 3.681d.2H, J-ﬁHz.CHz). 4.08(5.2!’1.CH2), 6.240. 1M, J=GHz, =CH)L. and
7.34 tn.15H. AcHL

E-18 2 83(m,2H.CH,). 3.09(m.2H.CH,), 6.78(s, 1H.=CH}, and 7.34(n.15H.Ar-
Hl.

a These date arc extracied from the nmr speetrum of the cis and trans product mishwes

that earbinols lf-k gave products resulting from elimination and/or polyinerisation
with none resulting from cychsation. The failure of these carbinols to eyclise can be

-1

attributed to one or more of verious factors' . Probably. it is due to steric

interactions in 1g" 71, to acid-catalysed polymerisation capabilities of thienyl
and furl moieties in th and li%!, and to a combination of carbocation stability and

electrophilicity in both li and [k'®. In fact, it has been shown that secondary

benzylic carbocations can hardly close to a five' 7 or 3 seven memnbered ring’
Experimental :
General Remarks and Measurement Equipmenis

These were similar to’those reported in carlier Pape:s"""‘ with the following
exceptions: 'H NMR spectra were sometimes recorded on a Bruker DPX-400 FT-
NMR, IR spectra were recorded on a Nicolet FT-IR Snecirometer Magna 520, GC-
MS data were obtained by a Shimadzuy QP-5000 Mass spectrometer and Mi-
croanalyses were performed on a 2400 Perkin Elimer Sartes 2 CHNS Analyser.

Synthesis of Starting Carbinols. General Precedure

Careful addition of B-phenylethyl bromide with one gram stom of Mg in wiy-
ether] to the corresponding aldehyde er ketone (1 mole) in dry ether at ambient
temperature followed by careful decomposition with saturated NH,Cl solution, extrac~
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ton with ether, washing with water, drying wver anhydrous MgSO, and cvaporation
of solvent gave the destred carbinols in 60-80%% yields | corbinols fa. [b. Id, I b
and li arc lquids, le inp. 80), lg tmp. 51-52'C), B tmp 55:570) and |k tnp
54.55C) All of these carbincls gave correct eleinental analyses (£ 0.2 '4) Besdes
their It spectra [filin for liquids end KBr lor solids) showcd the charactoriste O}
band centered at 3420 cm’ and their consistant '"H NMR data are oxtracted i
Table-1.
General Cyclialisdation Procedures:

The procedures described before for reactions with AICL*7 ACL/CHNO!'™
PPAV ™ and 85% H,S0.""" were essentially followed. The products obtained were
subjected toTLC, 'HNMR, GC and In some cases also to GC-MS enalyses. Com-
bined Interpretation of these data led to the results depicted in Tables 2 and 3.

Dehydration of Carbinols by NaHSO, :

This was elfected by heating the carbinols with NaHSO, as previously
directed” ™. The results, as deduced irom combined GC, IR and 'HNMR data, are
also depicted in Tables 2 and 3.

Table-3, Conditions and Rosults of Alkylation and Dchydration or Carbirols :

Entry  Anjalkano! Reaction corldition Observed
No No. Catalyst Temp Time Solvent *products (%}
C (hrg)

1 la ACI/CHNO, 25 03 PE(40-60°C]  2a(78). 3a(10).
4a(5), unid (07,

2 NaHSO, 160 02 E-5ai80),2-3a(20)

3 1b AC/CHNO, 25 03 PE4D-60°C) 2bl32) 3blas), 4b(12).
unid (06).

4 H,S0, 25 03 CH.CL, 2b(28:3b(34) 4bi26),
unid. (12).

5 NaHSO, 160 02 E-5b (80), Z-3b (20}

h le  KlOcky (2gmi  Refux PE(40-60°C)  2c67), 3¢l05). 4<(08).
unid. (20).

7 AICI/CHNO, 25 02 PE40-60°C) 2c(63).3c(23)4<(08),
unid, (06}.

8 H,S0, 160 02 CH,C, 2ci54) 3¢(23) 4<(20),

unid. (03).
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Tabie-3. Connriwd
iy Andakanad T Reaclion tonkimhon Observed
No No. Catayst Temp  Tume Solvent products x°
"G {hrs!

9 PPA 120 0z 2c(71n 3cl0h). 40
woad 1190

19 H 0, 190 02 CH,CY, 2¢1865. 3202, 4cl0).
unid. (08

11 NaHSO, 160 02 £ Dci60) 2-5¢1231
unid. (08

12 le AICI/CHNO,  Reflix 02 PE4O-60°C) 8601 91S). 10(03).
11003}, unid. (17

13 ACI/CHNO, 25 02 PE(0-60°C)  §25). 9(23. 10(03).
11(05}. unid. {44),

14 ACl/CHNO, 25 02 PE(O60'CH 731, 200 1002,
11(03), wnid. (12).

15 ACI/CHNO,  Reffix 45 PE(40-60°C) 808 90141 1002,
unid, (03).

15 AICL/CHNO,  Refix 02 CH,CY, 8i47, %201 102,
11{03}, unid- (28).

17 ACI/CHNO, 25 20 CH,CY, &i58). 9(28), 1002,
11{04), unid. (08}

18 AICL/CHNO, 25 20 CH.Cl, 8(83), 910, 10(02),
11(03), unid. (02).

19 ACy 25 20 PE(0-60°C) 8 (19, 9014). 1023,
11 (14). unid. (301

20 H,SO, 160 02 CH,C, 8 (15). 9 03, 10 (19,
11 (58}, unid. (05)

21 PPA 120 02 8 (64], 9(16). 106},
11 (09)unid (05}

22 H,PO, 290 O 8 (29, 901, 10019,
11 (38). und, (03).

23 NaHSO, 160 02 - £-10 (34), E-11 (56
urid. (101

24 1d HSO, rt. 03 CH,CI, 1449), 15 (22, 1605).
unid (14).
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Entry  Andalkanol Reaction condition Ohbsensd
No No Cataiyst Temp  Tiew Solvent products (%"
gl (hrst
25 AICH, T 04 PE (40-60°C) 14[24), 1520 160181
unid. (38}

26 NaHSO, 160 02 15(62), 16439).
unid. (03)

27 lg AC/CHNO, 7t 02 PE (40-60°C) E-Bg (29), Z:3g 16).
polymer (26). unid (29)

28 H S0, . 02 CHCI, £:5q (32), 2-5g (21).%
polymer (15), unid. (32)

29 PPA 120 02 E-5g (31). Z-5a (33),
polymer (23}, unid. 13

30 NaHSO, 160 02 E-5q (51). 259 (32, «
unid. (17)

31 L ACI/CHNO, ot 02 + PE. (40-60°C) Polymer. st

32 H,SO, et 03 CH,CI, Polymer.

33 NaHSO, 160 02 Palymer i}

2 ln AC/CHNO, e 02 PE (40-60°C)  Polymer. b

35 H,SO, rt. 02 PE. (40-60°C) Polymer. .y

36 NaHSO, 160 02 Polymer. <

a7 .1 ACYCHNO, rt. 02 P.E. (40-60°C) Polymer. ;

38 NaHSO, 160 02 E-5j (93). unid. (75

39 1k ACI/CHNO, rt 02 PE. (40-60°C} Polymer.

40 NaHSO, 160 02 E-5Kk (86), unid. (14).
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