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Abatract

2-Alkorynaphthalenes undergo halogenation with coppertll) halides 1n the 1-posiion

though 2-benzy loxynaphthalene with coppertl]) bromsde gives addibonally dr-8 naphthol. 1-benzyl.2
naphthol. and benzyl bromude The reaction of | alkoxynaphthalenes with coppertil) haludes leads to

|.alkory-4-halogenoaaphthalencs  and 4.4 dualkoxy 1.1 -enaphthyls

8-Chloro | methorynaph-

thalenc 1s a further product from the reaction of |-mecthorynaphthalence and coppertll) chlonde The
reacthhons are postulated 1o proceed tia the radical catiwon of the alkoxynaphthalene formed 1n an
electron tranafer reactron This can then either react further with the coppertl!) halwde of dimenze

9-Alkoxy: and 9-acyloxyanthracenes undergo
reaction with copper(ll) halides. under heterogen-
cous conditions in carbon tetrachlonde or chloro-
benzene. to give bianthron-9.yl together with
smaller amounts of the 10-halogenated product?
The formation of bianthron-9-yl anses from
coupling of 9-anthryloxy radicals. which are them-
sevies formed in a concerted 4-centre reaction with
the coppertl) halide. The 10-halogenated product
results from a halogen atom transfer to the 10-
position. The resultant radical on further reaction
with the coppertll) halide gives the product. The
present work extends this to a study of !- and 2.
alkoxynaphthalenes and also to anisole to see
whether the same dual type of behaviour is
observed.

2-Mecthoxy- and 2-cthoxynaphthalene (1, R =
Mec or Ft) undergo halogenation with both copper
(11) bromxde and chlonde in the 1-position (Table
1). Careful cxamination of the reaction product
failed to reveal the presence of any di-8-naphthol
which might have been formed by analogy with
the behaviour of 9.alkoxyanthracenes These
reactions can be postulated to proceed by halogen
atom transfer to the 1-position to give the radical
(2), which 1s subsequently oxidised by copperti)
halde to the halogenated alkoxynaphthalenc (3)
(Scheme 1) This scheme s strictly analogous to
that proposed for the halogenation of 9-alkyl- and
9-arylanthracenes * The absence of any di-g8-naph-

4

thol would indicate that there 1s no reaction at the
methoxyl group This 1s not surprising as the case
of reaction at this position woukd depend on the
stability of the resultant radical and the 9-anthryl-
oxy radical would be expected to be more stabie
than the 2-naphthoxy radical.

Anisole behaved similarly to 2-methoxynaph-
thalene and underwent reaction with both copper
(1D bromide and chlonde to give a mixture of o-
and p-halogenoanisoles In neither instance was
any m-halogenoanisole formed. If the reaction were
a pure atom-transfer reaction then one might ex.
pect halogenation to occur at the meta-position as
well as at the ortho- and para-positions by analogy
with the behaviour of aromatic compounds toward
alkyl and aryl radicals * Kochi has shown that the
transition state for hgand transfer is akin to that of
an atom transfer 1n a typical free-radical reaction ®
The absence of any m-halogenoanisole can be taken
to indicate that there 1s a significant component of
pure clectron transfer in the transition state.
Norman e1 al. have established that the reaction of
anisole with lead tetra-acetate. which involves the
formation of the radical cation of amisole. occurs
exclusively at the ortho- and para-positions ¢ The
very much greater reactivity of 2-methoxynaph-
thalene than 2-methylnaphthakenc® 1s also consis.
tent with a sigmificant degree of clectron transfer in
the transition state.® Only a small difference in re-
activity would be expected if the reaction proceed-
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Table | Reactrons of 2-alkoxy- and 2-acctorynaphthalencs (2-ROC  H.)

with coppertll) haldes
Product (%)
Halogenaung R.s -
Agent ume Unchanged
R (CuXy)  Solvent  thy  2.ROC,H, 1 X 2ROC,H,

Me CuCl, cCl, 192 ] - 98
PhH 4*6 0 -9
PHCI o 1] - 9%
CuBr, cCl, 4 i} - 98
PhH 4 0 - 98
PRCl 3 0 - 98
McOH 18 < 94
Ft CuC'ly Ph(l < 0 - 9%
CulBir, PhCI ? 0 - 98
PRCH, CuCl, Ph(l 120 92 8
CuBr, Phi 2 0 1>
COMe CuCly PRI 168 28 mn

*1-Bromo 2 naphthol 161%). benzy
1] 4%) were alwo obtained

ed by a pure atom-transfer pathway. [t1s thus argu-
able that the reaction proceeds via the radical cation
(@ (Scheme 2), though one cannot be sure whether
it is a pure clectron-transfer reaction or if there is
alw some component of atom transfer as well.

The relatively low reacuvity of 2-acetoxynaph-
thalenc and 2-benzoyloxynaphthalenc (Table 1) 1n
these reactions is also consistent with an electron-
transfer mechanism.

2-Benzyloxynaphthalene reacts with coppertll)
chlonde 1o give 1-chloro-2-benzyloxynaphthalenc.
The reactron 1s conudcerably slower than that of
2-methoxynaphthalene possibly duc to the inter-
vention of steric cffects. In contrast to this re-
action. reaction of 2.-benzyloxynaphthalene with
coppertll) bromide 1s much more rapid and gives
in addiion to 2-benzyloxy-1-bromonaphthalenc
(179%). 1-bromo-2-naphthol 161%). di-8-naphthol
(1-45%), and benzyl bromide 110%) The formation
of 1-bromo-2-naphthol and di-g-naphthol probably
indicates the intermediacy of the 2-naphthoxy
radical which can either react with coppertil)

| beomde (10%). and dr-8-naphthol

broaude to give |-bromo-2-naphthol or dimenzc.
The 2-naphthoxy radical (7) can cither be formed
tia a four-centre transition state (8) as proposed
for the reactions of 9-alkoxyanthracenes or by loss
of a benzyl group from the radical cation (6) (cf.
Scheme 3). Further studies are in progress to
distinguish between these possibilities both of
which would also satisfactonly amount for the
formation of benzyl bromwde. No sausfactory
explanation can be advanced to explan the forma-
tion of 1-benzyl-2-naphthol This 1s formed by
heating 2-benzyloxynaphthalene 1n a scaled tube
at 250° for several hours.® but it is difficult to see
why coppertll) bromide should catalyse this
rearrangement at 80° particularly when coppertll)
chlonde has no effect at 132°

The reaction of 1-methoxynaphthalene with
coppertll) bromide in benzene gave a mixture of
1-bromo-4-methoxynaphthalene (2) and 4.4'-di-
methoxy- 1.1 -binaphthyl (Table 3) This latter
was contaminated by a trace of what appcared. on
the basis of its retention time 1n g1 ¢. and clemen-
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tal analysis, to be anisomer of 4. 4" -dimethoxy 1.1
binaphthyl This reaction 1s postulated to proceed
by electron-transfer to give the radical cation
of I-methoxynaphthalene, which either undergoces
reaction with coppertll) bromide or dimenzes
When this reaction 18 camed out under homo-
genecous  conditons 1in methanol.  1-bromo-4.
methoxynaphthalene 18 the sole product In
homogencous conditions a radical cation will not
be generated in close proximity to a second radical
cation and thus reactron with coppertll) bromude
1n the solution 1s favoured

Anodic oxdatson of anisole has been shown to
give 4.4-dimethoxybiphenyl.'* the rcaction in-
volving couphing of the radical cation of anisole
This lends support to the proposed mechamism for
the formation of 4.3 .dimethoxy- 1.1 -binaphthyl
Reaction of amsole with iropdIlD) chlonde has
also been reported 0 give 4.4 -dimcthoxybi-
phenyl ' This reaction can likewise be con
sudered 1o involve the dimenzation of the radical
cation of amisole

The reaction of I-mcthoxynaphthalene with
coppentll) chlonde in chlorobenzene gave n
addition to 1 chloro-4-methoxynaphthalenc and
4 4".dimethoxy- 1.1 -binaphthyl, 1.chloro-8-meth-
oxynaphthalene and 3-chloro-4.4 -dimethoxy-1,1"-

binaphthyl (Table 3). This latter was formed from
further reaction of 4.4 -dimethoxy- 1.1 -binaphthyl
and was only formed 1n very low yield when the
reaction was camed out in benzene. That none of
the 3.3'-dichlorinated 4.4'-dimethoxybinaphthyl
was produced in the reaction and that reaction of
3 chloro-4.4' -dimethoxy- 1.1 -binaphthyl with cop-
per(11) chloride only proceeded very slowly suggests
that the chlorination of 4.4° dimethoxy-1.1"-binaph-
thyl proceeds by a mechanism which has appreciable
clectron-transfer character. The formation of 8-
methoxy- |-chloronaphthalene 15 postulated to
involve co-ordination of the coppertID chlonde to
the cther oxygen this holds the coppert 1) chlonde
in the correct stenc environment for attack at the
8.posiion  1-Methoxynaphthalene cxists prefer-
entially in the conformation in which the methyl
group lies away from the other ning (sce later),
thus rendenng the activation cncrgy for attack at
the B.positon less than that for attack at the 2-
position

The structure of 3-chloro-4.4° dimethoxybinaph.
thyl was assigned on the basis of its NMR spectrum,
which showed the presence of a proton ortho to a
methoxyl group. and coupled to an adjacent pro
ton It was synthesized by chlonnation of 4.4
dimethoxy: 1.1 -binaphthyl with one mole of 10do-

Table 2 Reactons of anisole with coppertil) halides

Halogenating R..

Unreacted

Products (%)

Agent (CuX,) Solvent tume (hr) PhHOMe o BrC H,OMe  p-Br( H,OMc

Ph(I 216

CuC'l,
CuBr, Ph('l* 68
CuBr, PhC’l 2

4 FAl
R 92
10 90

*Reacton carned out at BO°



Table 3 Reactrons of |-alkoxynaphthalenes (1-ROC ,H.) and 4.4-dalkoxynaphthalencs 4,4 - DIWROC L H,, with copper(i]) haldes

‘ivenvg ¥ §

Products (%)
(WM — - — ——— ) — - . —
Halwde Reaction 1-X.4. 1 X8 44 . DWRO- I X 4.4 D 1. . X.4.4.-Dh
Compound CuX, Solveat Tumethr) 1.ROC H, ROC,H, ROC,H, L1CuHyy ROLI-CH,, RO-1,1-CH,,
1-McOC H. CuBr,* PhH 4 8 4?7 0 49 0 0
1-MeOC , H. CuBr,* PN h | 10 S0 1] S 0 0
1-McOC . H. CuBr,* McOH 18 28 72 (1} o | 0
1 MeOC . H, CuCly* PhH 6 | 13 13 i 4 1 0
Ph(’l 10 ] 7 S hid 37 0
1 E1OC, H.¢ CuBr,* PhH 4 1 u 0 o0 0 0
1. E1OC H. CuCl* PhH S 2 14 0  ¥1d 0 0
4.4 - DiMcOC L H,, CuCle PHCI 28 - < 83 N
4.4 - DMMcOCHH,; CuClL* PN 33 - - 2 61 »
4.4 WEIOC H,, CuClL* PhH 168 - " 0 0
*2 mol CuX,:mol organx compound
*Contamunated with 1somenc matenal
‘Undentified compound of greater retentson me also odtained on GL.C
‘4 mol CuX,.mol organs compound
Table 4 New halogenated |- and 2-alkoxynaphthalenes
Found (%) Required (%)
Compound Mp C H X Formula (& H X
4:Bromo- | . methoxynaphthalene (Bp. 159-160°/4 mm)
2 Chioro- | -methoxynaphthalenc (Bp 1182 mm) o8-S 47 188 C,,HCI10 68 6 47 18-§
4:Chloro- 1-methorynaphthalene (Bp 122-124/7mm) 68 48 187 C,,H,CH) 68-6 47 189
4-Choro 1-ethorynaphthalene 8.2 04 $3 172 C,H,.CO 70-0 $-3 172
2.Benzylozy: | -bromonaphthalenc 100-101° 649 4] 284 C,,H,,RrO 68 4] 288

2-Benzyloxy- I -chloronaphthalene 88-29" 76-3 $-1 13 CH, 1O 760 49 132

VIUONYIN N PUB LIgINNON ) (]



Reactions of coppert1]) halides with aromatx compounds — | X

benzene dichlonde. Chlonnation with two moles
gave the corresponding 3.3 -dichloro compound
Thes latter was also obtained from 4.4°-dimethoxy-
3.3 -dimtro-1.1"-binaphthyl thereby establishing
the position of chlonnation.

The reaction of |-cthoxynaphthalene with both
copper(l]) bromude and chlonde gave the appro-
pnate |-cthoxy-4-halogenonaphthalene and 4.4
dicthoxy- 1.1 -binaphthyl (Table 3} This latter
was accompanied by traces of isomernc compounds
There was no evidence of any reaction in the 8.
posiion possibly due to stenc effects with the
rather larger alkoxy group

The NMR spectra of |-alkoxy-4-halogenonaph-
thalenes are charactenzed by a doublet centred
at 1 3-26 3.44 with a coupling constant of 8 Hz
This signal 15 assigned to the proton at the 2
positon The signal duc to this proton in |-
alkoxynapthalencs appears as a pair of doublets
tJ—6and YH2) at v 3-1 .3-18 as a result of coup-
hag with the protons at the 3- and 4-positions In
I-methoxynaphthalene and 1-bromo-4-mcthoxy-
naphthalenc the methyl of the methoxyl group 1s
close to the proton in the 2-position This was
demonstrated by the observation of a nuclear
Overhauser eflect between this proton and the
protons of the methyl group

EXPERIMENTAL

1demites of compounds were confirmed by m.p. and
m.m p determunaton, companson of IR and NMR spec-
tra. and Gl C analyus [R spectina were recorded as
Nujol mulls on a Perhin Fimer 2¢7 grating spectrometer.
NMR spectra 1in deutenochloroform on a Perkan Flmer
R10 spectrometer at 60 Mz uvung TMS as an intermal
standard. mass spectra on an A F | MS9 spectrometer
Gl C analyses were camed out on benzene solm using
a Perkun-Flmer F 11 gas-hquid chromatograph using three
dfferent columns for vanous mixtures. Column A was
packed with silone gum rubber F 301 on AW.DMCS
80- 100 mesh ( hromosard G, 2 % 97, column B wath
XE 60 2 cyanocthylmethylulicone on DMCS celite
RO- 120 mesh | 9. column ¢ with Carbowar 20 M on the
ame support

Materials  Coppenll) bromde and chionde were
dned and ground as previously descnbed ¢

Reactions of 2-alhory. and 2.acetoxvaaphthalenes with
coppertll) halides

(a) Under Reterogeneous condinons A vigotously
stirred mixture of the substituted naphthalenc (0 02 mol)
and copperill) halde 10 § mol) 1n solvent (100 ml) was
reflured. gencrally untl evolution of hydrogen hahde
ceased The involuble coppert]) hahde was ftered off
and the filtrate evaporated to dryness Crystalhzaton of
the resdue from MeOH gave the approprnate 2.alkory:
)-halogenonaphthalene « ~ 99%) for reactons of |-
methoxy. and 1-e¢thorynaphthalenes In all reactons the
product was analysed by Gl O uung column A operating
al RO «cf Table 1)

(0 1n methanol The reactron was carned out as above
n McOH 1240 ml) wn an atmosphere of N, The coppert))
bromde was fitered off Methylene chionde was sdded

TUTRA Vel 29 Na. 7 -2
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to the filtratc. and this was extracted several imes with dil
HCL. washed with water and dned The rewdue. afler
evaporation of the solvent. was analysed by (1.C

Reaction of amsole with coppertll) halides The re.
actron was carned out as 1n (a) ahove The product was
analysed by GLC on column ( operating at 90° (see
Tablke 2)
Reaction of with coppertil])
bromude

120 Under Reterogencous conditions A stirred minture
of 1 mcthoxynaphthalenc 10 84 g, 0:0¢ mol) and copper
1 bromude (22:32%. 0 1 mol) in solvent (250 mb) was
refluxed for 4 hr The hot minture was filtered and the
ppt of coppenl) bromede cxtracted several umes with
bohing benzene Colourtess crystals of 4.4 .dimethoxy-
1.1 banaphthyl (2-7%g. 33%). mp and mixed mp 242-
244" (Iht.** 244°) separated out from the cold filtrate The
filtrate was analysed by Gl C vung column A at 230°
(Tabke 31 When hght petrodeum (b p 40-60°) was added
to the hltrate more 4.4° dimethory- 1.1 -binaphthy! was
precipiated This second fraction was contaminated by a
trace of matenal of shightly shorter retention time oo GLC
and was probably an nomernc dimethovybinaphthyl The
hitrate after removal of this matenal and then solvent was
distlled under vacuum giving | -bromo 4 methovy naph
thalenc (V-0g 26%). bp 1%9-160"4 mm Hg tn. "
147-1¢Y Ymm Hg)

(b) tn methano! The reactron was carmed out as above
1n McOH 1250 mb) in an atmosphere of N, and worked up
as dewcnbed {or the reaction of 2.-methovynaphthalene
n McOH

| methozvaaphthalene

Reaction of | methorvaaphthalene with
chlonde tayin chlorobenzene

[ he reactron was carmed out as above using | methory-
naphthalene (21 8g, 0-1Smol) and coppertll) chlonde
(40 V1g. 0 Imol) 1n chlorobenzene (600 mh) for 10 hr
The reaction was wotked up av before and $.4° 4
methory 1.1 binaphthyl (10 1g. 43%). mp and mied
mp 2%4° crystallized out from the fltrate This was
fitcred off and the filtrate analysed by GLC (vee Table
1) Light petroleumn 1h p 40- 60°) was added to the fltrate
to precipitate more 4. 47 dumethovry |1 -binaphthyl G C
analyus of this showed the presence of a second com:
pound of shightly shorter retention ime This could not
be separated but chemental analyss of the minture inds
cated that it was somerx with 44" dimethory:).1°
tnuphthyl (Found (', 844 H. ¢6 (,H,,0, requires
(. 8405 H. ¢ 8%) The wolvent was distilled off from the
filtrate and the resdue crystalhzed from light petroleum
thp 40-60") giving colouriers needles  This matenal
was punfied by chromatography on alumina cluting with
hght petroicum (b p 40-60") and finally by crystalliza.
tion from this solvent This gave cokouriess needbes of
VcMovo- 4.8 dimethoxy 1) binaphthvl. mp and mined
mp 135-137 kFound .77 H.$2.CLI104 CyH,.
CHOy requires C.78 7. H, 4 9, C1,.10 29%), mass spectrum
M® MUB-09102 (CLH,™CK), requires ME-09170), -
V1TSS QH. . m. A, 222 27T 8 H. m. An. 300 (! .
d. Hy). 382 O H. s, OMe), $87 (3 h, s, OMe) The fi)-
trate after removal of this compound was again cvapor:
ated and amalysed by G1.C uung columa B at 210°
Ths showed 1t to contain |-methoxynaphthalenc. |-
chloro-4-methoxynaphthalene. and a third compound of
shightly greater retention ime  This resduc was distilied
and the frachion bp 138. 141° ¥ mm Hg collected This

coppertlly
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was dissolved 1n the munimum of light petroleum (b p
10-40%) After 24 hr at 0° colouriess needbes of 8.« Aloro.
|- methosynaphihalene separated out. mp 61-61°
tFound (., 689 H, 48, CI1L 187 C,,H,CIO requires
C.686 H 47 CLISS%) Themp of this materal was
depressed on a miature with 2 ¢chloro: | methoxynaph:
thalenc

8.Chloro- | .methorynaphthalene  was  demethylated
using the mcthod of Curphey ef al with pyndine hydro-
chionde '* A mixture of pyndine (10 mD) and com H(')
(11 mbh was heated 1n an oil-bath until the temp of the
miature reached 2107 After cooling to 150°, B.chloro- |-
methosyasshthalene (0-Qg) was added and the temp
sowly rused to 180° The mixture was kept at this temp
for Ihr Afler cooling. the muxture was poured 1o
water and the product extracted with methylene chlor:
wWe  Ihe resduc, after removal of the solvent. was
crystalhized from Ight petrolcum th p 10-40°) as colour
less needlies of B-chloro- | naphthol (0 238g. $$%) mp
66' (it '*67") The m p was deprevsed on admixture with
2 ¢hloro 1 naphthol

(b) in benzene The reaction was carmed out as above
in benzene and worked up as descnbed (or the reachon
with coppertll) bromide The results are reported in
Tablke 3

Reaction of 4.4 dimethoxy.1.1" binaphthyl with copper-
1l chlonde

A stuted mixture of 4.4 -dimethovy 1.1 binaphthyl
13145 001 mol) and coppenll) chlonde (2 68g. 0-02
moli in chlorobenzene (200 ml) was refluxed for 2B hr
The mixture was worked up as before and the product
analysed by GLC using column A at 230" (Table ) The
rewdue was chromatographed on alumina  Flution with
| 9 benzene hight petrodeum (b p 60-80") gave 3-chloro-
4.4 dimethoxy 1,17 tinaphthyl. mp and mited mp
1311

A second eapenment uning coppert |l chlonde ¢ W
g. 004 mol) and a reaction ime of 14 days was carmed
out and worked up as above ixee Table )

Reactions of 1.ethoxynaphthalene

(a) Wuk copper (1l ; bromude 1he reacton was carned
out as deacnbed for |.methoxynaphthalene  Crystals
of 4.4 dicthoxry 1.1 -bunaphthyl 3g. 3$%), mp and
mixed mp 213-214 (hi.”* 213 crystallized out from the
filtrate after removal of the coppert|) bromde  The filtrate
was then analysed by Gl C uning column A at 230" (Table
1) 1ight petroleum (b p 40-60°) was added to the filtrate
and more 4.4 -dicthoxy 1.) -banaphthyl was precipitated
G C analyus showed this was contaminated to the extent
of  10°% by matenal of slghtly shorter retenbon time.
which was presumed to be ivomerx This muisture was
analysed (Found . B4 14, H. 6 67 C, ,H,0 requires
C. 8417 H.64F)

(b) Wuth copper 1l 1 chlonde The reaction was carmed
out as above and the product analysed by GLC (Table V)

Preparation of reference maternals

2 Alhory l-Ralogenonaphihalenes  and  l-alkory 4
halogenonaphthalenes Theswe were prepared by alkyla.
o of the appropnate halogenonaphthol »ith the
cxceptron of 2 benzyloxy -1 -bromonaphthalene and 2
benzybory. [-chioronaphthalene which were  prepared
by halogenation of 2-benzyloxynaphthalene with bromine
n ACOH and with sulphuryl chlonde respectively
Puniication was achieved by distillation or crystalhza

S R Bansat. DD € Nosuestt and ] M Masciiia

ton occaswonally after chromatography on alumina
Detals of new compounds are recorded in Table 4

4.4 Dialhozy 1,17 binaphihyis These were prepared
by treatment of the | alkorynaphthalene with alumuinum
chlonde 1n mitrobenzene at room temp' followed by
crystallizaton  from  benzene 4,47 Dimethory 1,17
binaphthyl had mp 282-2¢4° (h.'* 2%4-298"), 7 | 4-
168 (2H. m A 24 27 BH. m. Arn. 297 (2H. 4. J
6Hz H,and H,). $ 8516 H. .+, OMe) 4.4 [hethoxy:|. 1.
naphthylhad. mp 213.214° (ht,'* 213"

4.4 Dimethory Y mutro 11" bnaphthyl 4.4 - Dhimeth.
ory- 1.1 -binaphthyl (78 g, 0 029 mole) was dissolved in a
hoiling muxture of AcOH (100 ml) and A, () (100 mh
The soin was cooled to 80° and to this was added drop
wise a soln of coppertll) mtrate 130¢g. 00128 mol) in
AcOH (200 mh and A¢; O (200 mh over | hr without
further beating The mixture was sturred foe a further
2 hr and then pured slowly onto crushed we The yellow
ppt was fltered off. dissolved 1n methylene chlonde.
washed with dil NaOHaq and then with water After dry:
ing. the wlivent was cvaporated off and the resdue
crystallized from 1 12 benzenc-light petroleum (b p
60-80") mving yellow ncedles of 4.4 -dimethory- 3
nstro- 3, ) -BinaphiRyl (S Bg 6FF). mp 161 162 (Found
C.TV4 H 47 N 42 CaHNO, requures CL TV HL
AT N VPR, r 14 16 2H. m. AN 202 2 H. s H,
and M1 223-2B 6 H. m Ar). 304 (I H.d, JBHs H, ).
ST H .. OMc). ¢ 90 (VH, . OMc)

4.4 Dimethory 3.V dimitro |1 binaphthyl  This was
prepared as abose by addition of a swin of coppenlh
mtrate (12 1 g, 008 mob) 1n ACOM:AC,O (1 1, SOmDh
o 4.4 -dimethoxy- 1,1 binaphthyl (12 ¢g. 008 mol) 1n
AcOH A, O (] 1,100 mh The product was worked up
as before giving 4.4 -dimethory 3.V dimitro-1.1" binaph
thyl (120g. V%), mp 244-246" (1® 244°), ¢ | 4-1-78
(2H. m, An. 208 (2H. 5. H)). 2228 (6 H. m. Ar).
$TH6 H. s OMe)

Y Amuno-4. 4 dimethosy1.| -binaphthyl 4.4 .[hmeth
oxy Y nitro 1.1 -benaphthyl (1 "7 g, & mmol) was dns
solved 1n bading ETOH (200 mh To this stirred soln, was
added conc HO1 (S mb) followed by 1iron filings 109 g) in
4 poctions The vigorously stirred refluxing minture was
heated for a further 2 hr The swoln was neutralized by the
addition of a soln of NaOH (¢ g)in E1OH (100 ml). and
then filtered hot The ppt was washed with hot EtOH and
the combined filtrates were evaporated The resduc. 1n
methylene chlonde. was washed with water and drwed
The solvent was evaporated off and the resdue crystal
hzed from McOH giving yellow necdles of V.amuno 4.4
dimethoxv |1 binaphthvl (0 7B g. 48%) mp 140-14Y
(thound €. ™9~ H. ¢7. N 40 C,H, NO, requires
C.802 H SBE N . 42%), 2 1 S 29 9H. m. Arn. 10}
OTH A HL VIO H. A8z H, ) S 93 H. s, OMc).
604 (1M, +. OMe). 6 0¢ be (2 H. dinappearcd on deutern
tron. NH,)

V.Y Diamuno 4.4 dimethory 1.1 binaphthvl Reduc:
ton of 4.4 .dimethoxy 3,3 dinitro 1.1 binaphthyl uung
the above procedure gave pake yellow needbes of 3.V
diamuino 4.4 - dimethosy 1.1 bingphthrvi  from  FLOH
(20g. BOK) mp I79-180" (he* 182°) v 1B 20 (2 H.
m. Ar. 24 2985 6 H. m. An. 299 2 H. s H, and H,).
6:01 (6 H, s, OMc). 6 0¢ br (4 H, divappeared on deutcra
tion. NH;)

IV Dichioro 4.4 dimethoxy 1.1 binaphthyl (18) A soin
of NaN(; 10 1%g. 2 2 mmole) was added dropwise 10 a
win  of 3.1 damino-4.4 -dimethoxy- 1.1 binaphthyl
0668 g 2mmol) 1n 6 M HCI (40 ml) mantaining the
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temp between ¢ and ¢° Thi soin was added dropwise
over | hr to a soln of coppertl) chlonde (0-44 g. 4 4 mmol)
in 4 M HCH (49 ml) heeping the temp between  $° and
+ ¢ The mixture was kept at thes temp until evolutron of
N, ccased The ppt was filtered off. washed with water.
and dned It was chromatographed on alumina Fluton
with &4 1 lIight petrolcum:bensenc gave pale yellow
needles of 3.3 dichloro 4.4 dimethozy | ) -binaphthyl
‘0 40g. $2%) . mp 166-16T (Found C. 689 H.4 13 (L.
189 CuH,LLO, requues C. 692 H, 42, Cl 18™R),
el T 2H. m A 2V 2R BH,. m. A, CKCI6H s
OMc)

(h) To vigorously stirted soln of 4.4° dimethory- 1.1
hinaphthyl (1 €T g, ¢ mmod) in chloroform (290 mh). was
added wdobenzene dchlornde 2 “4g. 10mmolr The
munture was refluxed for 1 weck The solvent was dis.
tilled off and the ressduc analysed by Gl C whxch showed
the presence of only one compound The ressduc was
orystalhized from light petrobeum giving yellow needles
of 1.V .dhloro 4.4 .- dimethory 1.1 binaphthyl (] 44 g,
T4 i mp andmuedmp 166 (67

3 Chloro 4.4 dimethoxy 1.) -binaphihyl a8 An
attempt to prepare this compound from the Sandmeyer
reaction  with  Lamino 4.4 dimcthory 117 binaphthyl
using the abovc conditions failed

(b)) Chlonination  of 4.4° dimethoxy 1.1 -binaphthyl
(1 7 g, ¢ mmol) using an cquimolar amount of wdoben:
zene dxhlorde as above GLC analyus of the crude
product showed the presence of oaly onc component
The product was crystallized from hight petroteum. b p
40 &0, giving ycllow needles of 3 chloro-4.4 - dimeth
oxy-1.1 -binaphthyl (| 20g, 6B%), mp. 134137
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Bladon for mcasuning the NMR spectra and for helpful

discusson

REFERENCES

"Part VI DD C Noahebel and J A Russell. Terra
hedron 26, 2781 (1970)

D C Nonhebeland ) A Russell, 7bid 28, 3491 11969)
‘D Mosnaim, D C Nonhebel. and ) A Russell. /b
28, 148¢ (1969)

f G H Willams, ‘Essays in Free-Radial Chemistry '
Chem Soc Special Publ No 24, 2¢01970)

K Kache Science 188,418 (1967)

R A M Clkelland. R O ¢ Noeman.and ¢ B Thomas,
JOCS Perhinl 3620197
'} M Mancila and DD C
results
‘B M Flkobaiviand W ] Hckinbottom. J Chem Soc
1873 (19%9), 1286119600
*H Casschaum, Chem Ber 991537 (199%7)

'*K Bechgaard. O Hammerxh, N S Moc. A Roalan,
U Svanholm. and Vv ) Parker. Tetrahedron letiers
22710197

"M Danggan. Zh Obschet Khim 8 1780(1918)

“H W Underwood. O | Banl and (& €
Am Chem Soc 82, 4087 (1930)

1 F breserand V Dewcreun, Ibid 68, 229¢(191R)

N P Buu Moe liebigs Ann 556, 1 (1944)

“E C Spacth, T A Gennsman. and T | Jacobs, J Org
Chem 11,399 (1946)

*D Mownam and D C
1491 (1969

R Scholl and C Scer. Ber Disch Chem Ges 88,330
(1920

T J Curphey. F ) Hofman, and C McDonald. Chem
Ind 113801967)

NN Worowchtzow and W W Kosow, Ber Disch
Chem Ges 69.41201936)

Nonhebel. unpublished

Toone, /J

Nonhebel, Tetrahedron 28,



