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ABSTRACT

In the present work, starting from 8,8'-bisbromomethyl-l,1'-

binaphthyl, the following new compounds were prepared.
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1,1'~-Binaphthyl-~8,8'~diacetic acid was res;lved through its
guinine salt and Arrhenius parameters and Transition State Theory
Functions for racemisation were determined for it. Another unbridged
compound, 1,1'-binaphthyl-8,8'-bis(methylenepyridinium)diiodide, was
obtained optically active from optically active 8,8'-~bisbromomethyl-
1,1'=binaphthyl.

8,8'~Bridged carbocyclic compounds were obtained in optically
active forms from the resolved dinaphtho [8,1-ab, 1';8‘;dé]-cyclonona—
2,4~diene~8,8-dicarboxylic acid. A1l these optically active carbocyelic
compounds were found to be optically stable even when melted,

8,8'~Bridged N-heterocyclic compounds were obtained optically
active by using as optically active precursor the 8,8'-bisbromomethyl-
1,1'-binephthyl and were‘aléo found‘Optically stable up to their decor=
position poimts, | | -

The main features of the ultra-violet absorption gpectra in 95%
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ethanolic solution of all 8,8'-bridged 1,1'~binaphthyls cbrreSpond
with those of the parent compound, 1,l'-binaphthyl.

Optical rotatory dispersion(o.r.d.) and circular dichroism(c.d.)
speg*bra. of the optically active compounds were studied in 95% ethanol.
From these chiroptical studies, and by correlation with .other workers’
asgignments, it is shown that absolute configuration can be assigned
in the short-wave region below the shoré:—wave ultra-violet absorption
baud. A short-wave positive Cotton effeci}iéi;‘lsponds to the S-config-

uration and a negative Cotton effect corresponds to the R-configuration.

Compounds  with S-configuration:
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% Previously assigned by chemical correlation from a compound of
Imown absolﬁte configuration by X-ray crystal analysis (Akimoto,
Shioiri, Iitaka and Yamada, 1968). ‘

.%%‘Previously assigned by chemical correlation with a compound whose
configuration was assigned éfter agymmetric reduction of a ketone with

a reagent of known absolute configuration (Mislow and McGinn, 1958).

Our optical rotatory dispersion and circular dichroism observations
are related to these absolute assignments, and hence the configurations

of the new optically active compounds are deteimined.



1. INTRODUCTION

.'For a 1bng time nine-membered ring compounds remained very hard
to gynthesise, but the discovery of the acyloin method of riné closure
made it easy to synthesise saturated carbocyclic compounds. The stere-
ochemistry of the acyclic molecule is such that it cannot easily adopt
the conformation required fop cyclisation by other methods,

An interesting discovery of Kemner (1913) for the synthesis of
sevén—membered ring compounds in the 2,2'-bridged biphenyl series using
Perkin's method~1ed téﬁﬁ%owledge that double bonds in an acyclic molecule
to be cyclised improves the chances of its cyclisation. However, the
use of Perkin's method to synthesiée similar but nine-membered ring
compounds did not succeed: Iislow, Hyden and Schaefer (1962) attempted
the diethylmalonate condensation with 2,2'=bisbromoethylbiphenyl under
a variety of experimental conditions but the method failed to give a
nine-membered ring, The authors were successful in synthésising a hine-
membered ring acid (1) by carrying'out an acyloin reaction on the app-
rqpriate dinethyl ester to form a‘ten—membered ring ketone incorporating
a 2,2f—bipheny1 systens: the ten-membered ring was then reduced in size
by one carbon atom, through its toluenesulphonhydrazide,

Few.heterocyclic compounds in this category are known; Bentley
and Robinson (1952)-reported thé preparation of phenyldihydrothebaine
(2) which has an asymmctric csrion atom and exists in foﬁr disstereo=~

-

meric forms, they were all isolated by Small, Sargent and Bralley (1947).



Bentley and Robinson (1952) described the preparation of (3) for which

. Ph Kéo‘O

-COCH N-le N-Me

(1) . (2 (3)
Hall and Manser (1967) found the éctivation energy for racemisation to
be 31.5 kecal mol—l. Compound (4) is reported to be optically stable at
150o (Forbes? Mann, Millar and Moelwyn~Hughes, 1963). A phosphonium
compound (5) is reported optically active by Allen; Millar and Mann
(1967)« Pecherer and Brosi (1967) reported the preparation of (6) btut
attempts to brlng about optical resolution falleé. Recently, Hwang
(1972) obtained optieally active the nlne—membered ring 2,2'-bridged

biphenyl(7). It appears that nine-membered ring bridged biphenyls,

(e), -
@) @ (58), _
@

Ghs CH QX{)
(Me) 5 (Et) >
(4)
'Meq
MeO‘
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owing to the non-bonded interactions in the ring, require much more
energy to invert their configurations than the lower homologues, and
thus are optically stable.

In the present work, nine-membered carbocyclic and heterocyclic
compounds incorporating the 8,8'-positions of 1,1'-~binaphthyl were
synthesised in very good yields: they could be prepared in optically
éctive form and were found to be optically stable up to their melting
points: no mechanism can be envisaged for tneir configurational inver-
sion. Models suggest that they are probably conformationally as well
as configurationally stable molecules and this assessment adds interest
to their spectroséopic properties. Observatioa of chiroptical properties
domn to shorter wavelengths than have previousl& been studied has led
to findingiﬁgg Cotton effects of opposite signs below the }B-band of
the unpolarised absorption spectrum:‘this has led to proposing new
criteria for absolute configurational assignment in 1,1l'-binaphthyls,.
The validity of these assigmnments rests upon some compounds of known
absolute configuration determined by standard methods. (4—)578-1,1'-
Binaphthyl has been assigned S-configuration (Akimoto, Shiroiri, Iitaka.
and Yamada, 1968) by its chemical correlation with (4 )578-2,2'-dihyd—
roxy—3,3'=bismethoxycarbonyl-l,1'-binaphthyl for which the R-configur-
ation was assignéd by the X-ray crystallographic method. (+~)578—2,2'-
Dimethylml,l'—binaphthyl has been classified as S on the basis of the
agsympnetric reductibn meﬁhod (Mislow and McGinn, 1958). Thése two
compounds also show Cotton effects of the same nature in this region

of shorter wavelength which correspond with those of our new compounds.
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2, SYNTHETIC WORK

2.1 General Introduction to Synthetic Worlk

a. Methods of ring closure. For the preparation of the nine-membered

carbocyclié and heterocyclic compounds incorporating the 8,8'-positions
- of 1,1'-binaphthyl, 8,8'-bisbromomethyl-1,1'=binaphthyl (8) (Badar,
Cooke and Harris, 1965) was selected as a starting material and from it
cyclised products were obtzined in very good yields., For the last 80
years chemists have been interested in the preparation and properties
of cyclic molecules but only for the last 30 yearsAhave fhe medium ring
compounds(containing 8 to 11 atoms in the ring) been the subject of
particular interest and systematic investigation; use has been made of
the observation that in certain cases a giveh type of intermolecular
condensation reaction can be made to take place intramoiecularly, depending
largely u@bn the size of the resulting iing compéund;

A number of methods of ring closure can be found in the literatures;
the following are among those which have been‘frequently used.
(1). Pyrolysis of the heavy metal salts of «-alkyldicarboxylic acids
(Ruzicka, Stoll and Schinz, 1926 ); yields of up to eight-membered ring
compounds were very good, but for nine-, ten- and eleven-membered ring
ketones yields were negligivle. The fzilure to obtain nine to eleven
membered ring ketones by this method is explained_ﬁy the rings, although
puckéred, being highlj conganted and strained. Marvel and Glass (1938)

were able to synthesise a cyclohonanone by vsing this method (they
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at‘cémpted to resolve it but failed).
(2)e In 1909, Thorpe discovered the intramolecular cyclisation of adip-
onitrile in the presence of sodium ethoxide, M"a five-membered
ring enahinonitrile. Ziegler, Eberle and Ohlinger (1933) extended the
procedure of Thorpe by (a) using high dilution, (b) using diethyl ether
as solvent, and (c) using an amide as the catalysing base. Later Ziegler
and his associates found that an aikali metal derivative of an aralkyl
amine such asg N-methylaniline, is a most effective catalyst. This method
was found effective for the preparation of 5 to 33 membered ring compounds,
except for the 9 and 11 membered rings. Ziegler and Aurnhammer (1934)
prepared a cyclononanone using this method but with only 2.8% yield.
(3). The cyclisation of esters of dicarboxylic acids leading to keto-
esters: Dieckmann (1894) discovered that adipic or pimelic esters on
heating with sodium in the presence of trace.s of ethanol give a cyclo-
pentanone or a cyclohexanone. This method also did not give satisfactory
yields for the medium~sized ring compou.nds,‘ only a few cyclooctanones
have been prepared by it. Blicke, Azuara, Doorenbos and Hotelling (1953)
used sodium hydride as the base catalyst and reported 617(; yield of an
eight~membered ring keto-ester. Leonard and Schimelpfenig (i958)
obtained a 15/ yield of an eight-membered ring compound by using potas-
sium t-butoxide as a base., Borgan and Dale (1970) reported the prepar-
ation of 4,4,7,7-tetrainethylcyclononanone (304 yield). However, even
using high dilution, the compqunds coﬁtaining nine and eleven atoms in

the ring are obtain in %rery poor yields or not at all, which is probably

due to destabilisation of the preferred conformation for cyclisation by
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transannular steric interaction.

(4)s The best and often the only method of selectioﬁ for the preparation
of medium-sized ring ketones is the acyloin condensation., In this method
the two ester groups of a diester are reduced to a hydroxyketone by a
dispersion of molten sodium droplets in xylene; The actual reaction
product is an ene-diol which gives acyloin after acidification, the ene-
diols are very sensitive to oxygen and therefore this reaction is.carfied

out in an atmosphere of nitrogen.

COOR 0" 1t C=0

(cii/) Wa 2RO Wa 4 (CH.) \ S N (c{ ’
2n »ﬁlfs 2+ \JQ;E;\ _ —_ ~£L31\\

| c-0_ Na® OH

COCR
The majority of the nine-membered ring compounds made by the acyloin

.method are found in the work of Blomquist, Wheeler and Chu (1955).

(5). Mislow, Hyden and Schaefer (1962) attempted the malenic ester
condensation for the preparaiion of a nine-memberea ring biphenyl
comnound 5ridged in the 2;2'-positions; but this method failed to give -
the desired product. They then succeeded in preparing a nine-membered
rizg acid (1) by cariying out an acyloin condensation on the ester of a

dicarboxylic acid, followed by ring contraction in a series of reactions,

@LCHz—CIIZ-COOCH Ta @ CH,~CH,~C = 0 : ‘

N

—

@—Cﬂz—cﬂ 2-COOCH3 Xylene @ -CH 2-CH2-J: =0 ’j
i . -

-



13

i. p-Toluenesulphonylhydrazine @ CcH 2-CH2~C =0

7

ii, Sodiun hydroxide ' @ CH2 -CH2-0=N2

H

[:::lCH -~CH .
o~C, |
. SCH—COOH it
o~CH, |

(1)

(). One cyclononanone has been reported by Kohler, Tischler, Potter
and Thompson (1939) prepared by the ring expansion reaction of cyclo-
octanone with diazomethane in 61% yield.

(7). ‘Rabinovitz,' Gazit and Bergmann (1970) reported the synthesis of a
nine-membered ring compound, dibenzocyclononatetraene(5%) by carrying
out a Wittig reaction between bipheny1-2,'2';clialdeh3rde and the bisphos-
phorane derived from trimethylene bromide in the pﬁesence o1 sodium
methoxide in dimethyl formamide in an aﬁnosp}}ere of argon.

b. Schemes of new work. The new work described in this Thesis is

summarised in the following schemes,

Scheme 1: Unbridged 8,8'=disubstituted 1,1'-binaphthyls,.




(11)
o (10) |

14



Scheme 2: 8,8'-Bridged 1,1'-binaphthyls,

(18) | (19)



'BHC ‘

@
@@

\\\\\\\\\s (20)

CH,~Cli= GH
I, o H CH —Ci = CH,

- (22)

(21) .

16
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2.2 Discussion of Synthetic Work

ae The starting material (8,8'~Bisbromomethyl-l,l*'=binaphthyl).

| 8,8'~Bisbromomethyl-1l,1'~binaphthyl (8) was prepéred first (Badar,
Cooke and Harris, 1965). 8,8'=Bishydroxymethyl-l,1l'~binaphthyl was
dissolved in warm glacial acetic acid and hot hydrobromic acid added
to it wita stirring; a gum like product was obtained which eventually
gave a 80% yield of the bisbromomethyl compound(8). Two modifications
of the method were tried:
(i) Since halide formation is reversible, and water liberated during
the reaction, an equivalent amount of acetic anhydride was added to
the diol dissolved in hot glacial acetic acid before adding hot hydro-
bromic acid; this gave an 86%Eyield of & purer product.
(ii) Phosphorous tribromide was used in place of acetic acid/acetic
anhydride and hjdrobromic acid; the phosphorous tribromide acts as
reagent and as solvent. This method, which gave a yield of,99% was
adopted for subsequent prepafation of the bisbromomethyl compound (8),
as the yield is excellent and the product is stable when stored. \
The bisbromomethyl compound (8) has advantages as synthetic
precursor; the weakly basic halide ions are easily replaced by a wide
variety of nucleophiles: this work describes reactions with cyanide
ion, a tertiary amine, sodiomalonic ester and secondary amines.

new :
b. The/synthetic work is divided into two main classes:

A. Unbridsed 8,8'-disubstituted 1,1'-binaphthyls
(i) Open chain carbon compounds

(ii) Open chain quaternary ammonium salt
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B. 8,8'-fridzed 1,1'-binaphthyls
(i) Carbocyclic compounds

(ii) Heterocyclic compounds with nitrogen in the bridge

A. Unbridged 8,8'-disubstituted 1;1';binaphthy1s

Several compounds with methyl and substituted methyl groups in
the 8,8'-positions of 1,1'~binaphthyl have been synthesised and their
stereochemistry studied (Badar, Cocke and Ilarris, 1965), some sﬁectro—
scopic { IR, MR, u.v. and mags spectra) observations have been reported

(Mazengo, 1968; Dixon, Harris and Mazengo, 1971; Harris and Mazengo, 1967)

(i) Open chain carbon compounds: To prepare 1l,1'-binaphtnyl-8,8'-diacetic

acid (10), the bisbromomethyl compound (8) was treated with aqueous
ethanolic potassium cyanide, Tae colour of tpe reaction became brick
red. After three hours heating under reflux and working up)the biscya-
nomethyl compound (9) was obtained in 77.5% yield. It was evsily hydro-
lysed to (10) by heating with 50% ethanolic potassium hydroxide; Puri-
fication before and after acidifying with hyérochloric acid gave \
colourless 8,8'-diacetic acid (10), m.p. 320°d. This acid is not
appreciably soluble in ethanol, methanol, carbon tetrachloride or
chloroform; good solvents for it are dimethylformamide and dimethyl-—
sulphoxide, Othex examples of aromatic dicarboxylic acids having high
melting point and being sparingly soluble are terephthalic acid (500o
subl,) and 1,1'-binaphthyl-e,a'-dicarbox§1ﬁc acid (303 = 324?@.).A'
fhe ethyl ester (11) of the acid (10) was piepared (with a view

to attempting a Dieckmann reaction) by the reaction of thionyl chloride
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in benzene solution, followed by etnaﬁol. This ester was very soluble
in chloxroform and in methanol and failed to crystallise from either of
them; it crystallised from a very concentrated ethanolic solution with
m.p; 95—960. Such 2 low melting point is surprising while its precursor
acid decomposed at 3200.

(ii) A bis(methylenepyridinium) iodide: The reaction of pyridine with

the bisbromomethyl compound (8) took place smoothly to give 1,1'-
binaphthyl-B,S'-bis(methylenepyridinium) dibromide. This salt was hygr-
oscopic and very soluble in water: it was converted into the iodide by

treatment with a hot aqueous solution of potassium iodide.
B. 8;8'-Bridged 1,1'-binaphthyls
(1) The following general reactions were atiempted

l. Thorpe-Ziegler reaction: This reaction has proved satisfactory for

the preparation of seven-membered ring enaminonitriles in the biphenyl
and 242'~bridged 1,1'—binapnfhy1 series but in the present work the
8,8'-biscyanomethyl compound (9) gave only recovered starting material.
IR and HMRispectra, MePey Rixed n.p. and elemental analysis were all

_ unchanged. Another attempt was made using the sodio-derivative of N-meth-
ylaniline as a catalyst but it aléo failed to give the desired cyclic
product,

2. Dieckmann reaction: Diethyl 1,1'-binephthyl-8,8'~diacetate (11) was

treated with sodium ethoxide in Dieckmann conditionsi this reaction
also failed to give a nine-membered ring compound and the starting

material was recovered completely,
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3+ Perkin method of cyclisation: Although it is unusual for the prepa-
ration of é nine-membered ring compound by the reaction of an A ~21ky-
Zdihalide with diethylmalonate to succeed; in this case the attenpt

met with success, the cyclic ester ( 13) was formed in 97} yield. To
test the possibility of forming the 8,8'-disubstituted product, two
equivalents of sodiomalonic ester were used, but this excess did not
affedt the excellent yield of the cyelie product.

This ester (13) was easily hydrolysed to the dicarboxylic acid (14)-

Care was taken to minimise the chances of decarboxylation. This acid is
very soluble in ethanol and in dimethylformsmide tut very sparingly
soluble in chloroform and carbon tetrachloride.‘It melted with a brisk
effervescence at 235—2560, resolidified quickly and melted again at
252-2540; Decarboxylation of (14) on a preparative scale gave mono-
carboxylic acid (15), m.pe. 252~254°,

Methyl esters of cyclic dicarboxylic acid (14) and monocarboxylic acid

.(15): To obviate the risk of decarboxylation during esterification, the
methyl ester of the diacid (14) wvas pre?ared by adding the powderad
acid in small portions to a cold ethereal solution of diazomethane,
Crystallisation of the purified product from benzene gave 92.6% of
dimethyl ester (17), m.p. 258-260°,

The monocarboxylic acid (15) is not appreciably soluble in benzeﬁe,

but it goes into solution as it reacts with thionyl chloride: treatment
with methanol gave the methyl ester, m.p. 186-188°,
The alcohols corresponding to the mononethyl ezter (16) and di-

nethyl ester (17) were made by reduction with lithiua aluminiun hydride;
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the alcohol (18) crystallised from chloroform, m.p. 74~76° \92%).
yield. The diol (19) crystallised from benzene in shining needles,

mepe 196° (75¢ yield).

(ii) Ileterocyclic compounds containing nitrogen in the bridge: The

- success of the reaction of sodiodiethylmelonate with the bishromo-
methyl compound (8) to give a good yield of a nine-membered ring ester
(13) encouraged us to attempt the Teaction with secondary amines.
Secondary amines can be alkylated twice to form quaternmary salts, so

the second stage of reaction could be intramolecular,

The following secondary amines were tried.

il)_Piperidiﬁe: Piperidine (2 mole) dissolved in chloroform, was added to
ia solution of the bisbromomethyl compound (8) (1 molej in chloroform
at room temperature and then warmed up to 50°,A67% yield of the cyclic
bromide (20) was obtained after pﬁrification.

(2) Diethylamine and (3) piallylamine: ‘Quaternary diethyl and diallyl
ammonium bromides were prepared; both of them were very soluble in
water and failed to crystallise. These bromides were converted into

{he corresponding iodides (21) and (22), which crystallised from aqu-
cong solution. Beaven, Fall, Lesslie and Turner (1952) reported the
hich solubility of 1,l-diethyl-2,T-dihydro—4',1"~dinethoxy=3,4,5,6=

dibenzoazepinium bromide in water but that the iodide could be crystal-
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flised.

2.3 Ring Size and Ease of Formation

Nine-membered carbocyclic and heterocyclic compounds in the present
work were formed very eaéily and in very good yields: Such an ease of
formation of nine-membered rings by chemical methods (except by the acy-
loin method) is unusual. The common difficulty of formation of nine-mem—
bered and other medium-sized rings is attributed to an excessive trans-
annular strains the effect of this strain is said to be favourable to
the ring closure as the size of the ring increases from 3 to 6 membered,
is less favourable for the seven-membered ring and most unfavourable for
ﬁedium—sized rings, but after that the van der Waal's repulsion forces
across the ring become constant making closure easier for these large
sized rings (Sicher, 1962).

In aliphatic molecules;'five- and six-membered rings are eésily
formed, but seven-mémbered are formed with difficulty. Introduction of
aromatic groups into the chain results in remarkable ease of- formation
of the seven-membered rings in thé biphenyl series; Kenner (1913)
prepared a seven-membered ring by condensation between 2,2'=bisbromo-

methylbiphenyl and sodiomalonic ester.(23)

<j> CHZ—BI . H COOEt | (:> CH

COOE®

~ + -
+ >c Na OBt 2/\c< :
CH,,~Br 1 NCoont — cit; COOEt
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He also observed that the condensation between the bisbromomethyl-
biphenyl and two molecular proportions of malonic ester in the presence
of sodium ethoxide led only to the same cyclic product. Using ethyl
ethane-1,1,2,2-tetracarboxylate in the presence of sodium ethoxide in

¢

ethanol he was able to prepare an eight-membered ring ester (24). ihe

| O CH 2-31- H—C—(COOEt)2 . Ci,,~ -(COOEt)2
. + Ne. Ot

- - =(l=e{ CO0E - i .

O CH,,~Br H~C~(C00 1-,)2 ——-————? O 5 (coont)z

(24)

intersction of 2,2'=bisbromomethylbiphenyl and ethyl propane-l,l,j,}-
tetracarboxylate in the presence of sodium ethoxide (Beaven, Bird, Hall;
Johnson, Lédbury, Lesslie and Turner, 1955) failed to give the nine=-
membered carbocyclic compound. The attempt of Mislow, Hyden ana Schae-
fer, 1962) to prepare a nine-membered ring compound by condensation
between 2,2'-bisbromoethylbipﬁenyl and dietnylmalonéte in the presence
of~sodium ethoxide 2lso met with no success, giving 2,2'-divinylbiphenyl

(25) a5 a result of the elimination reaction.

@ Oiy~CH,-Br  COOBY . @ CH=CH,,

'-‘o
'+-H2C Na OBt

L \, —— .
© CH,~CH, - Coumt @ H:= CH,

(25)
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The product of a Thorpe-~Ziegler reaction from 2,2'-biscyanomethyl—
biphenyl (Kenner and Turner, 1911) led to good yields of a seven-membered

ring iminonitrile (26). Kenner (1913) suggested that the cause of this

Ol ©

+ - \\Z'
Na OBt C= NH
—_— /

(26)
ease of formation of seven-membered ring compounds is that the two arom-
atic double bonds minimise the strain and make the chain comparable
with the saturated n-pentane. Another important feature of formation of
these seven-membered ring compounds in the biphenyl series is the absence
of /a-hydrogens in the 2,2' substituents in the chain, thus precluding
elimination reactions, |
Reactions leading to cyclisation can be divided into two classes:
(1) Vhere only one carbon~carbon bond is formed at a time, and
(ii) where two carbon-carbon bonds are formed at the same time (concerted
reactions). In the present work reactions used belong to class (i) aﬂd
are of intramolecular-nucleophilic-displacement type, where the nucleo-
phile and the leaving gfoups both are present in the same molecule, €.Z.

Z’ z' :
\é:ff§\\\\\\~9 - \ N X§9

V4 S‘_X§ ’*—ﬁ ,C CH
« 2" —(cm,) —/ 2

_ 2
2 (CHz)ET—_J
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In the malonic estér condensation the nucleophilic centre is a carbanion
and both the groups Z and Z' are strongly electron withdrawing, able to
stabilise the negative charge. The leaving group X?aiﬁ a halide ion. A
conformétion is required in which the reacting end groups will be close
together and properly in'line for an S 2 reaction.>The presencé of
rigid groups such és double bonds; eromatic rings or btulky substituents
in the chain of the compound being cyclised decreases the possibility

of intermolecular rotations and hence the number of possible unfavourable
confoxrmationss as é result favourable‘conformation becomes more probable,
and incroazes the possibility and the yield of cyclised product.

In general, high dilution technique minimises the probability of the
intermolecular reactions and the chance of intramolecular cyclisation
improves; baﬁ/ége present Woik the conditions 6f high dilution were not
requiredfvhich sugsests unusﬁal ease of formétion of thé nine-membered
ringss thus a major contribution fb ease of reaction comes from the
sterecchiznistry of 8,8'~bisbromomethy1—i,1'—binaphthyl (8) and the cyclised
product. i‘ccondly, the presence of ﬁwo naphtﬁyl groups pre%ents vigorous
intermolecular rotations of the chain and encourages the preferred
confornaiion for cyclisation. Third, this bisbrom;methyl compound does

not h?ﬁmlﬁ;~hydrogens in the chain to be cyclised,so that the alternative

of olefin formation is net available,



2.4 NMR Spectroscopy and Stereochemistry

a. Introduction. NMR spectroscopy is younger than u.v. and IR
spectroscopy, but in a very short period it has advanced as a very
important tool for organic chemists. The use of NMR spectroscopy to a
stereochemist, apart from the determination of gross molecular structure
lies in determination of configuration and conformation.

(1) Elucidation of structure of unknown compounds: The proton NMR spect=-

rum tells some most important features about the structure of a molecule:
fifst, the chemical nature.of protons, observed by the use of chemical
shift (4 ). Protons in similar chemical envirorments have similar chemical
shifts. Second, integration of the NMR spectrum tells the ratio of
numbers of protons of each kind, Third, spin-spin splitting gives infor-
mation about how many protons are on each carbon atom adjacent to any
atom bearing one or more pfotons. Por example, a mono-enol derived from
(27) could possibly be (28) or . (29). To find which is correct, the

>

H 0 - H CH
N /4 4

H
-CH

H H

H (4]
3
’ CH3 H
(27) (28) ' (29) ‘ A

chemical shift is used (Bredenberg, 1959); the signal at 7 3.25 is an
hydroxyl group signal, at T.57 is a methylene and at 7.97.a methyl signal.
The integration suggests the ratio of protons 1l:4:3, which could be

explained with structure (28) and not (29). Structure (29) would give
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five signals in an integrated ratio 1:1:1:2:3, The methyl signal is
ﬁnsplit suggesting that there is no proton present on the adjacent carbon
atom,

(2) Determination of configuration: Protons in geometrically isomeric

gituations have different chemical shifts, for example,

Ha //Hb ' Hs\ R
C: C , C*“—'—(f/
\ a N
R R R Hb
cig=- : * trang-

The cig—- protons resonate at lower magnetic field than the trans- protons.

(3) Determination of conformation: 1f a given proton is in different

environments in different conformations, it will give a signal corres—
ponding to each environment; and the relative peak areas of these signals
reflect the relative populations of the conformations, for example cyclo-
hexane at -110° shows two signals: the chair form is by far the majér
conformer présent and one signal is due to axial protons and another due
to equatorial protons,. The size of the coupling constént (J) between

protong Ha and Hb on a palr of adjacent carbon C, and 02 depends on the

1

planes Clcaﬂa and Clcgﬂb. Trager, Vincenzi and Huitric (1962) after the

study of many cyclohexane derivatives reported the use of the cdupling

Ha, Fa Ha Hb

LT f
RS V—

e 24 cps

YHaHb  5-12 cps . ' .
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coﬁstant for conformatiohal determination; the coupling constant is
two to three times as large between anti protons (axial) as between
gauche (axial-equatorial or equatorial-equatorial) protons.

Theoretical calculations of Karplus (1963) show that the coupling
congtant should depend upon the cosine of the dihedral angle. The
coupling constant tﬁerefore would be zero for a dihedral angle of 90o
énd increase tb a moderate wvalue from 900 to 0° and increase to a high
value from 90° to 180°(see pagefij ).

In molecules which are readily interconvertible rotamers, several
conformations are probable, and any protcn in the molecule can occupy all
possible poéitions in a very short time; the NMR spectrum represents an
average position; This phenbmenon has been observed in many opeﬁ chain
molecules and in some cyclicfcompounds, for example: cyclohexene (30);

the chair-chair interconversion of cyclohexane is so rapid at room

2 R
[ / _Ha
Hb
b
(30)
@ .

temperature that the MMR spectrum shows onlx[single sharp signal.

Apart from the classification of protons based upon their chemical
natﬁra, mislow and Raban (1961) classified protons of conventional ster—

eoiscmers into three main classes.
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(1) Equivalent protons: Protons whose positions in the molecule are

interconvertible by :otation about an axis of rotation to give an in-
distinguishable structure from the original structure are known as
"equivalent", The necessary requirement for proton equivalence is inter-
conversion by axis of rotation Cn and not by an Sn operation, e.g. in

these difluoro compounds, each has a set of two equivalent fluorine atoms

XX XX

(31)

and a C2 axis: Secondly, molecular dissymmetry does not preclude equiv-

F

‘alence of protons, for example compound (32), where the methine protons

are equivalent,

H----) H

D
0 (32)

Bquivalent protons can be found in moiecules which belong to the axial

point group (excluding Cuy ); molecules belonging to non-axial point

groups (Cl, C, and Cs) cannot show proton equivalence.

(i1) Enantiotopic protons: In enantioisomeric enviromments the protons

are called "enantiotopic", Enantiotopic protons could be interchanged
only by a rotation-reflection operation (Sn) and not by a rotation (qn,

nd1l), This Sn operation gives an indistinguishable structure from
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the original. The environments of enantiotopic protons are nonsuperim-—
posable, for example; compounds (33) and (34). In these molecules, the
I
1 J{T C1l
L1
2 LJ Hb

(34)

H Cc—

m-—ﬂa-un

(33)

proton Ha is the reflection of Hb in the mirror planes (Sl). Only non=-—

—

linear and achiral molecules can have ensntiotopic protons. Asymmetric
molecules (point.grqup Cl)rare nopaxial and chiral, which means that
agymmetric molecules cannot have equivalent or enantiotopic protons. The
only difference between equivalent and enantiotopic protons is that ena;‘
ntiotopiciprotons-in a chiral solfent or reagent exhibit their distinc-
tivengss as they are then iﬁ diastereoisomeric situations.

,(iii) Diastereotopic protons: When the stercochemical environments of

protons are diastereoisomeric, the protong aré gsaid to be "diastereo~
topic". The necessary requirement for diastereotopic protons is that they
must not be interchanged by any symmetry operation. Ain asymmetric molec-
ule (point group Cl) cannot have equivalent or enantiotopic protons tut

can have diastereotopic protons, for eiample: propiolactone-2=D (35).

(35)

In this compound Ha and Hb are diastereotopic.
P
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The presence of asymmetry in a molecule containing a methylene
group makes the methylene protons non-equivalent; for example in the
compound (36) Ha and Hb are diastereotopic protons; the enviromment of

Hb is diastereotopic with the environment of Ha, a situation which is

Br: Br
Py RN 2:2)
Me  Coome Hb
(36) o +
independent of conformation (lfislow, 1966).
The two diastereotopic protons may be on two diffeient carbon atoms,
for example compound (37): the two olefiqic protons Ha and Hb in this

asymmetric molecule are diastereotopic and show two signals.

H - _CHDCL

>

- (37)

Dissymmetric nonasymnetric molecules may also have diastereotopic

situations, for example (38), this delongs to point group (02), there

A

'(38)
are two equivalent methyleae groups each containing two diastereotopic

protons, When Y=3S, the spectrum shows an AB doublet (lislow, Glass,
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Hopps, Simon and Wahl. jr., 1964). Kurland, Rubin and Wise (1964) in
the case where Y= 0 observed an AB quartet for the diastereotopic
methylene protons in carbondisulphide at -105° and the four lines

merge into one at 43°.

. Molecular asymmetry is not necessary for diastereoisomeric situat-
ions: an achiral molecule (39) contains diastereotopic protons Ha and Hb,In
the chiral molecule trans-l,2-dichlorocyclopropane (40) -fia and Ha' are

equivalent, Hb and Bb' are equivalent,

Ba H Cl Hb!
Hb L c1
(39) B! (40)

The two parameters, chemical shift and coupling constant are useful

to determine the equivalence or non-equivalence of protons in a molecule.

Chemical Shift: A proton in a molecule is always shielded by electrons

and the field strength at a constant frequency necessary for resonance
is not the same for protons in different environments. Equivalent
protons will resonate at the same vaiue of thé aprlied magnetic field
ﬁut non-equivalent protons as they are differently shielded® will require
different values of the applied magnetic field to resonate, i.e. with
the variation in the magnetic field, signaié will appear at separate

and suitable places for eacﬁ non—equivaleﬁt proton. This dependence of -

signal position on the environment of the proton is known as "chemical
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*

shift", meagsured as the distance ofiits signal from a standard (e;g.
tetramethylsilane). In an applied magnetic field the electrons circul-
ating around the nuclei produceZ%ield known aszgécondary field: if the
secondary fieid oppoges the applied magnetic field; then the effect on
a péoton in the field is knovm ag shielding and the signal is shifted
upfield,

For bvenzene, when the applied field is perpendicular to the plane
of the ring a ring current is set up, and the secondary field at the
protons is parallel to the main applied field and in the same direction
at the site of the aromatic proton. The resulting field at the proton is

increased which brings about its resonance at lower applied magnetic

_ field, i.e. it is de-shielded, But in the case where a proton lies

\\ N

<~>l

/

-~
P

T T T Applled field

directly above the plane of the ring current, it is shielded. For

Hhe .
example,ANMR spectrum of (41) is reported by Waugh and Fessenden (1957);

—\CH

H C

(41)
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protons which are lying over the benzene ring resonate at

the CH2
higher magnetic field (i.e. are shielded) than those'directly attached

to the benzene ring.
Equivalent or enantiotopic protons are equally shielded and must

exiibit the same NIR chemical shift: for example isopropyl chloride
shows only two NuK signalse. Similarly,

o CHCL——CIL,
(a) (o) (2)

(a) H.C Hb
] ’ \c::-:.:: Q/ '
SN\,

a ) H,C
(=) 1307
shows only two FNiRt signals, one for methyl and another for methine

protons. Protons which show equal chemical shifts are termed as *isoch-

Tonous' by Abragam (1961). ' .

‘ Diagtereotopic protons must have different chemical shifts and are
said to be'anisochronous'._They are chemiecally non-~equivalent and must
be magnetically non-equivalent. Sometimes the non—équiyalence is not
sufficiently 1arge to show detectab%y different chemical shifts, For
example a ddubly bridged birhenyl (42) (point group DZ) has four equi~

!
!

©~\O (ha)
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valent methylene groups each containing geminal diastereotopic (i.e.
non-equivalent) protons Ha and Hb, but dq’eiot show different chemical
shifts for these protons under normal conditions (Mislow, Glass, Hopps,
Simon and Wahl jr., 1964). |

The effect of temperature change on conformationally labile diaste-
reotopic protons may be to show a qualitative change in the spectrum:a
quartet at room temperature may become a singlet at\higher temperatures;
a singlet at room temperature may appear as a quartet; at lower tempera-
tures, for example, the NMR spectrum of 15H-dibenzo [c,é] benzimidazo=-
[1,2-a] ~azepine, shows a doublet at 500, a fine quartet at 20° ana

lower temperatures and a singlet at 60° and above (Bwang, 1972). The

i

Y — —_—
20° 50° 60°

temperature at which the péa.ks merge into one is known as the ‘'"coalesc—
ence temperature'., Temperature variation and coalescen;:e temperature
observations in suitable cases help in the determination ot the free
energy of inversion [,&F#, energy of inversion Einv and énthalpy of
inversion AH7 (Anderson, 1965).

The substituted benzamide (43) exhibits four methoxyl signals in

CH(}Me)CH
N 4&0 ZPh

|

MeO- Ole (43) y
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t-butylbenzene solution at 60° andvthese signals coalesce first into’
two at 130o and then into a singlet at 1650. From thig information
Siddall and Garner (1966) de%eimined thé separate rotation barriers
abogt the carbonyl-nitrogen and aryl-carbonyl bond, both are above

20 keal mol—l.

Coupling Constant: Spin-spin coupling occurs between chemically non-
equivalent protons. Diastereotopic protoﬁs because of their differences
in environment and relationships; must have different coupling constants
(J) with respect to any nucleus in the same molecule,

In two sets of two equivalent or enantiotopic protons, if one of
the nuclei in the first set and one of the nuclei in the second set are
in diastereoisomeric situations, then one set of enantiotopic or equiv-
alént nuclei can couplé with the other, for example in trans-1,2-dichlo-
rocyclopropane (40), the two methylene hydrogens Ha and Ha' are equiva-
lént and similarly Hb and Hb'!, There arevtwo types of wviecinal methylene
.methine couplings, one trans— coupling between.Ha and BEb or between Ha'
and Hb' and second cis~ coupling between Ha and Hb' or’ between Ha' and

Hb.



b. IR spectra, results and discussion
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The MR characteristics of 8,8'-disubstituted unbridged and 8,8'~

t
bridged 1,1 -binaphthyls at room temperature are collected in Table I

and the supposed source of the signal given.(60 MHz, THS)

Compounid and solvent

Aromztie proton

Other proton

T (ppm) 7 (ppm)
(1) 1-lethoxycarbonylnaphtha- 2,00~-3.,16 (7H) 643 -cooczar3 (3H)
lene (coe1) '
(II) e-Bromo-l-methoxycmrbonyl—| 2.15-2.95 (6E) | 6.1 -lcooca3 (38)
naphthalene _(CDClB)
(111) O
14e00 COOMe 2,03-2,85 (12H)] T7.33 ~CO0CH,, (6r)
@ QIO
(IV) 1<faphthylearbinol 2.00-2,95 (TH) 5.17 ~CH, (2m)
(cpo1,) T.57 =CH (18)
(V) 8,8t~Bishydroxymethyl-l,1'=|2,10-2,95 (12H) 6.03 ~CH, (41)
bimephiiyl  (CDCL,) ' 8.25 —CE  (2H)
(VI) 1~Eromomethylnaphthalene [1.90-3.,05 (T7H) 5.30 ~CH, (2r)
(03013)
(vi1) @\K)j 5.74.
ix~n26' T H-Pr  |2.05-2.80 (12R) 2+90 5.94 ~CH, (45)
(CDCL. ) N ' 5099— s
’ @ 6.15-



Compound and solvent

Aromatic proton

Other proton

7 (ppm) T (ppm)
(VIIT) 8,8'-Biscyanomethyl- | 2.00-2.75 (12H)| 5.75 |
1,1'-binaphthyl (CDCL,) D+927 5.96 ~CH,
5 6.00
(48)

(IX) Diethyl 1,1'~binaphthyl~

8,8'-diacetate

(CD013)

COOEt

\\COOEt

//COOMe

COOhe

(XI)

(cnc13) @

2.00-3,00 (12H)

2.15-3.38 (12H)

3.23
3,26

] (2x) -
3.55]

338

2.16-3,38 (12H)

| 2232] (2H)
%:22]]

6,17

6.75 =CH, (4H)
attached to naphthalene rlngs‘

6.20 |

6. 30

6 43 6.36 -COOCHZ-
/ (4m)

6.53

8.93

9'04 CH

9.15 5

5.90

6.143).6 47 -CH, (45)
6.80

7 o« 04 attached to

naphthalene rings.

(6m)

0 ®® o\ O YU
. e o L) . [ [ ]
oW O  WN WD
AT 4?{{:?;?
i
o
[ ]
= b
W o
‘ 1
N 8
g 2
N
!

15— _
6.80:>_/\~ 6.46 CHZ (4H)
7.04 . attached to

naphthalene rings.

6.64 -COOCH

3 (6H)
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Compound and solvent

Aromatic proton

7 (ppm)

Other proton
7 (ppm)

i H. COOCH
(coeL,)  ° G
Q0
@@c{mzw
il 0/1 » “CILOH
(03013) Q/
- 00
H cv/t\f ch \CH OH

((‘1041 ) 2 ’7//_\ 2

13.42]

3.28J

339 } (2m)
3.381
3,40

3,27
3429
3.31)

3438
3240
3442

(28)

2.20~3.,40 (12H)

3,25
3.27|
5431}

3.38)
3.40
3.42¢ >

3.‘24]
3428
|

3436
3440

2.,20-3,46 (12mH)

~

3¢30
3432
3.34] |
( 2)
3444
3.46] .

Not observed due to the
absorption of dimethyl=-

formamide (solvent)

Not observed

A very complicated :
multiplet (doublets become
triplets)

6.67 -coocret3 (zH)

This compound shows a compl-~
jcated multiplets and was not

appreciably soluble.l

A very complicated set
of complex multiplets was
observed, which made difficult
to label signals ( see
MR spectrum No. 2)
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Compound and solvent

Aromatic proton

Other proton

7 (ppm) 7  (ppm)
2.18-3.39 (12H) | 4.71
3.25J 4.99 ] 496 =Cily (48)
5.21 ] (2E) 5,22 attached to
3'37] naphthalene rings.
3.39]
7.05 =-CH, (48, aliphatic)
1 8.25 ~CH,, (éH, aliphatic)
(mﬂ) lgﬁ SHCH,  [1.9-3.39  (128) g.g?
. 02 5,07 =CH, (4H)
H,C 1, CH,CH, 3.25] 5.12) } o 2
(crez,) @@ 3,27 (o) 5436, attached to
3¢37 : naphthalene rings.
5439 706‘
71 J 7.24 ~CH, (45)
;’ig attached to
)
methyl groups.
, 8.75]"
8.87| . c53 (6n)
8499,




Discusgsion of the MR spectra in Table I

(Roman numerals in parentheses refer to Table I)

(i)_Shielding: A comparative study of NMR characteristics of mono and
diéubstituted naphthaleneg, 8~gubstituted and 8,8'-~digubstituted-l,1*'-
binaphthyls has showm that the groups in the 8,8'—positions of 1,1*'-
binaphthyl are shielded. In compound (I) theAﬁethoxycarbonyl_protons
show a sharp singlet at 7 6.3 but the same protons in compound (III)
resonate at 7.33. Similarly for compound (IV) a single signal for
methylene (attached to naphthalene ring) protons appeared at 5.17, but
when the two units of (IV) are joined to make the 8,8'-disubstituted
1,1'-binaphthyl system (V) the methylene protons resonate upfield at
6.03. Shielding is also observed in going from (VI) to (VII), and in
the latter compound there is the additional feature that the singlet of
(VI) a2t 5.30 is replaced in (VII) by a quartet centred at 5.94 ppm.
Dixon, Harris and Mezengo (1971) observed the methyl-proton resonance
in WR spectra of some mono- and disubstituted methyl 1,1'~binaphthyls.
In 8-methyl-l,l'-binaphthyl, the methyl group;is held above the plane
of the opposite naphthalene ring which causes 10n}range shielding for
the methyl proton to resonat: upfield (7 8.32) in comparision with
l-methylnaphthalene (7.47). The steric repulsion between substituents
in the 8,8'=positions and nsphthalene rings Is enhanced by a second
methyl group and reducea thz long-range shielding by opposite naphth-
alene rings a little (8:25), In 2,2'-dimethyl-l,1'-binaphthyl, the methyl

proton resonates uwpfield compared with 2-methylnaphthalene, again
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showing the presence of long-range shielding of the methyl proﬁons by
the opposite naphthaléne rings, but long-range shielding in this molecule
is less than that for the 8,8'-dimethyl compound. The difference between
the chemical shifts of é,2'—dimethy1—l,1'-binaphthyl and 2-methylnaphth-
alene is 0.42, whereas that between 8,8'-dimethyl-l,1'~binaphthyl and
l-methylnaphthalene is 0.78; fhis suggests that each methyl group in

the 2,2'-dimethyl compound is farther away from the opposite naphthalene
ring centre than in'8,8'-dimethy1 compound, From this data, with some
assumptions, the average dihedral angles for 2,2'-dimethyl and 8,8'-
dimethyl compounds are calculated to be 85-—90o and 55—-60o respectively

(Dixon, Harris and Mazengo, 1971).

(ii) Bquivalence and non—equivalence: Methylene protons in unbridged

8,8'~disubstituted 1,1'~binaphthyls (V, VII, VIII) are diastereotopic
" and they should in principle show observable geminal coupliﬁg, but in
compound (V) the non-equivalence was not detectable and the geminal
methylene protons appeared as a single signal. In compounds (VII) and
(VITI) these diastereotopic geminal methylene protons appeared as a
quartet at room temperaturé (J=11 crs) aﬁd (J= 10 cps) respectively
in 60:Hz spectra. fThe non-equivalence of methylene protons in the 8,8'-
pogitions In the ethyl ester of 1,1'—binaphthyl—B,B'-diacetic acid also
was not observable. The methylene protons in this ester (IX) resonated
at 7 6.75 as averag?d singlet,

I all 8,8%~bridged 1,1'~binaphthyls the diasterectopic geminal

metiylené protons Ha and Hb in compounds (X) to (XVIII) were observed



43

to be spin coupling non-equivalent, 8,8'-Bridged 1,1'-kinaphthyls
with a twofold axis of symmetry (02) show large J values, for example

.. the compound (X) shows J=14 cps as centered atT 6.47. Such a large

separation of peaks was expected as can he seen from the medel (Fig.}f )

that the environments of the diasterectovic geminal methylene protons
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are remarkably different; Bach Ha is in the plane of a naphthalene

ring and must be de-shielded, while Hb is pointing to the second
naphthalene ring and must be comparatively shielded due to the long-
range shielding effect, thus as g result they showims a‘large difference
in chemical shifts (see spectrum No. 1) |

Effect‘of replacing one group by hydrogen atom on bridge (central carbon

atom)s The observed spin coupling non-equivalence of geminal methylene
protons must be a function of angle ?) (tfHCH) as well as of their
differvent chemical shifts. Karplus (1963) extended this concept to
vieinal protons, considering the dihedral angles instead of LﬁﬂH of
geminal prdtons: he emphasises the difficulties involved. The introduct-
ion of a hydrogen atom instead of one -COOEt (or other group) substit-
uent increases the complexity of molecule. It also therefore increases
the complexity of the spectrum (see spectrum No. 2). To solve such NMR
spectrum and to describe the placement of each new peak some other
parametors (disténoes and angles) will be needed; the spgctrum would
depend on 211 of these pérameters in some specific ways.

For tetrahedral bond angles and normal bond distances, the vicinal
coupling censtant is given by

Jv-ic:"z A4 Bcosp + C coségD

where A= écpé, B:*;%Cps and C= 9/2cps. Karplus (1963) explains that
the closa values of constants A and C signify’that the coupling will
be small whan SD: 900 end large when ()= 0° or 180°, The negative sign
of B implies J . (280%)> Tyio (0°). Thus J ., (0°) ana Jvic‘(IBOo)

are positive.
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The introduction of proton Hec at the central atom of the bridge
incorporating the 8,8'-positions of 1,1'-binaphthyl gives a compound (¥g.2)
which belongs to point group (Cl): we have a situation with added

vicinal coupling, making the spectrum more complicated than with only

geminal coupling (see for example spectrum No. 2), There are a larger numbey

.
T~

of parameters involved than in a compound of point group (02), but at -
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present it is not certain in what ways.
' aromatic
(iii) Aromatic Protons: Splitting of binaphthyl/protons was observed in

two well separated complex multiplets for unbridged 8;8'-disubstituted
1,1'-binaphthyls., On the other hand the splitting of binaphthyl aromatic
protons in 8,8'-bridged compounds was fqund to be into three complex
groups of multiplets in the integrated ratio of 2:3:1 (4H, 6H and 2H).
One group of multiplets for two protons wzs observed in between . 3.2-
3.45 for all the 8;8'-bridged 1,1'~binaphthyls. 8,8'-Bridged 1,1'=binaph-
Xthyls with a twofold axis of symmetry (02), for example compound (X)
show two doublets of nearly equal peak heights in this region correspén-
ding two protons (see spectrum No:i). These doublets could be due to
the coupling relationship between two non-equivalent protons Ha and Hb
with the 7,7'- protons of 1,1'-binaphthyl system.

In the compounds belonging to point group (Cl) where one of the
two substituents at the centzal carbon atom of the bridge is hydrogen
Hec, the doublets (2H) for compounds belonging to point group (02)
appeared as two triplets (1:2:1) (2H). The coupling constant is very
small, roughly 1.5 cps. In these cases spin coupling interactions
could be between the TJ-proton and one non-equivalent.Ha, and two nearly

equivalent protons, Hb and He.

Another . observation was that the signals for aromatit protonq,
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while stiil in three separated sets of multiplets, were rather
more complicated than for compounds of point group (02). There is
equivaience between pairs Ha, Ha', Hb, Hb' and H7) '.H7, in molecules
with 02 symmetry (central bridging carbon atom carrying like substituen-
ts); Vhen Iic replaces one substituent on the central carbon atom, there
is C1 symmetry and all the pairs lose equlvalence. Proton He has[quﬁg
relationship with Hb' and Ha' (e,e) but[alfferent relatlonshlp w1tQLHa
and Hb methylene protons (a,e). All these factors together, and perhaps

more, are responsible for the complications of the observed NIMR spectrum.
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2.5 Mass Spectra and Structure Elucidation
ae introduction: The most important applications of mass srectro—

scopy to organic ;hemistry are to determine the moleculér weight and
to elucidate the molecular structure. On electron bombardiment of a
molecule M a number of procegses may occuxrs:

M+ & = W vee (1)

Mo+ e” = My 2 ... (2)

M o+ e .;, M 4 (04 1)eeo(3)
of which the (2) is the commonest. At high energy fragmentation can

teke place in various ways:- .

ABCD + g" > ABGDJ‘ + 2e |
ABCD ¥ > A & BCD°

| 3 ' ABYy oD

J, Bta- A' / \ i+ 3B

ot . BC;  CDra AB° , ete.

In & applied magnetic and electric fields the positive ions with
different mass-to-charge ratios can be separated and their m/e values
and relative abundance measured. Corresponding to [ﬁlf-the accurate
molecular weight, and the rest of the fragmentation pattern giveg clues
to elucidate the-structure of the molecule, =

Then the rate of decomposition of the molecular ion to fragments
Cis very fast, the ion will decompose before reaching the accelerating ’

plate; the fragments of the molecular ion will be accelerated and recor—~

ded, therefore the spectrum would consist only of fragment ion peaks
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and no peak for the molecular ion.

Ag the ion takes about 10'—6 sec, to reach the accelerating region
and 10—4 sec: to become fully accelerated,' a metastable transition could
be observed in such a case where the half-life of the ion 1ies in bet-—

ween 10"6 to 10;'4 sec., and the corresponding peak appears as a broad
peak (hump) which can be recognised by careful inspection of the spectrum.
The corresponding mass m* for a metastable peak is related to the mass

of the original ion m

1? and the mass of the product ion m, by the
following equation (m2)2
m = - T
m

1
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be Mass spectra, vesults and discussion

(1). Mass spectra of unbridged 8,8'—disubstituted 1,1'-binaphthyls:

(1) Mass spectrum of 8,8'-bismethoxycarbonyl-l,1'~binaphthyl.

McLafferty and Gohlke (1959) sugrested that in aromatic esters the
principal ions arise by cleavage at the acyl bond or at the alkyloxy

bond with rearrangement of one or two hydrogen atoms.

1) +
ArCO 75— OR —> ArC0° , RO’

ArCOiOR 5 AréOOH + R(-H)

The mass spectroscopic determination of the molecular weights of the

two crystal forms of 8,8'-bismethpxycarbonyl-l,1'-binaphthyl agrees

with 024H1804 (see pageéﬁ'); the mdlecular ion pesk appeared at ﬁ/e

370 and the base peak at m/e 252, Badar, Cooke and Harris (1965)
reported the formation of a six-membered ring keto-ester, by the treat-
ment of 8,8'-bismethoxycerbonyl-l,l'~binaphthyl with sulphuric acid; the
mass spectrum of the ester has also suggested the formation of this six-
membercd ring keto-ester (see beléw). ﬁo difference was observed between

the soectra of the two crystalline forms. The following is a possible ;. -

interpretation of the fragmentation patterns

e T i 1 Bk
oo | [oo ,f
Hcom!; COCH =0CHy . lyeto £o = CHaOH, 0
“oo |T ool Moo
] nj L J L J
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(ii) Mass epectrum of 8,8'-biscyanomethyl-l,1'-binaphthyl. Aliphatic

nitriles break usually at the £ -bond with the accom;?anied transfer of

a hydrogen atom.

+ +

R—CHz-'CHZ-CN - RE:H-CH2 + HCN

For 8,8'-biscyanomethyl-l,l'-binaphthyl, the fragmentation of the
moJ.eculax; ion (100%) started with the elimination of a hydrogen atom and
hydrogen cyanide molecule followed by the elimination of neutral hydroé—-
en cyanide, giving m/e 277 (227). The formation of a seven-membered ring
in the fragmentation process was supported by the appearance of m/e

265. Proposed route of the fragmentation:

8 % - ~*
NC—H n-an| (- H.}%CN) NC @ 7 | -How
oo | | @ -
332 ' - 304 IIH
e
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(1ii) Mass spectrum of 1,1'-binaphthy1—8;8'-diacetic acid and its

diethyl ester. The common fragments for these compounds give pezks at

n/e 279, 277, 265 (100¥) and 252, The appearance of peaks at m/e 352
for the acid (10) and at 380 for the diethylacetate (11) are the first
decomposition fragments, correspond to the formation of a nine-membered
ring system (see below) in the acid and diethylacetate respectively. An
accurate determination of the mass of the molecular ion and of some
other fragment ions occuring in the fragmentation of 1,1'-binaphthyl-

8,8'-diacetic acid suggested the molecular formula C «nich are

2481897
fitted with the results obt;ined from elemental microanalysis (see page
72 ). A peak at m/e 352 for which mass measured 352,1092 fits the
formmla Cé4H16O2 (caleulated mass 352.1100)., This peak correspond to a
nine-membered ring keto-carboxylic acid incorporating the 8,8'-positions
of 1,1"-binephthyl system. There is a second peak at m/e 324 (mass meas-
ured %24.1158 and mass calculated 324.,1150) fitting thé formula 023H1602
corresponding to an eight-membered ring carboxylic acid,.. The third peak
at 279, could be formed by the elimination of =COOH, fitting the formula
022H15 (mass measured 279.1171, mass calculated 279.1174). The next
fragment occuring is after the elimination of a hydrogen molecule at
n/e 277 with formula 022H13 (mass‘measured 277.1013, mass calculated
277.1017). This fragment loses one carbon atom giving a seven-membered
ring hy&rocarbon with 1005 relative abundance for which the formula is_
CppHly; (mass measured 265,1017, mass calculated 265.1C17). The next

fragment-ion formed is due to the elimination of a methine group leav-

ing C,0B,, a pentacyclic aromatic hydrocarbon (the most characteristic



acetate (11) was observed as showmn in the following scheme:

Q0 ..

R=H , m/e- 324

R=Et m/ez 352

CO
ROOCH, OH,COCR| = ROH
O
r=H , [u]" 570
R=Et , (1] 426
r 1
n CHa, - COOR
©
J
L
279
- Hy
) i+
. |00
_—

265

Hy
Q10
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the
fragment in the 1,1'-binaphthyl series). A similar pattern for/diethyl

CH-COOR

R=1H, mfe= 352

R = Et, m/e = 380

—C
H =5

©
Q

N

ol

. 252
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(2) Mass spectra of 8,8'-bridged 1,1'-binaphthyls:

(i) ¥ass spectra of carbocyclic compounds

i In the carbocyclic compounds the most common peaks appeared
for m/e values of 291, 290, 279, 277, 265 and 252. The formation of a
peak at h/e 201 in the carbocyclic compounds sugzested that the bridging
ring was very stable and the fragmentation of the ring system did not
occur till %he substituent groups at the central carbon atom of the
bridging ring were complétely eliminated; and in addition +to this
evidence there is the appearance of the doubly charged species (corres-
ponding to m/e 290) which shows a peak at m/e 145, Bleankney (1930)
has suggested that the removal of two or more electrons without result-
-ing in fragmentation; is especially characteristic of compounds having
a strong riang structurs.

Mass spectrun of 8,8~ﬂiethoxycarbonyﬂ.@inaphtho(B;l—ab, 1',8'—deﬂ-—

'cyclonona-2,4~diene: A careful determination of molecular weight and

m/e values for the fragmont ions of this compound supported the presence
of a nine-membered ringz in the system. A suggested explaination of the

abundance ratios of e fragment ions for this compound is:

r' K QO '
-CH LOCET el
-
kel ~ FCOORt ({:/czzcoom;
o, Scooms | I: i: 7 |
.- - )
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The elimination of HCOOLt from the molecular ion is suppofted by the
appearance of a metastable peak at m/e 302.5, i.e. o (364)2/438.

The formation of the fragment ions m/e 364, 291, 265 and 252 were
rechecked (High resolution mass measurement). The peak at m/e 364
corresponds to C,.H, .0, (mass measured 364.1470, mass calculated
364.1463). The most stable fragment in the process m/e 291, obtained

after the elimination of carboethoxy groups which fits the formula

Gyt o (mass measured 291,1172, mass calculated 291.1174). The next

and most common fragmenté, found in all these new compounds at m/e 265,
fits the formula CZlHiB (mass measured 265.1011; mass calculated 265.1017).

The next fragment the formation of a pentacyclic aromatic hydrocarbon

C is supported by the mass measured 252:0929 (mass calculated

20712
252.0939). This spectrum along .with other evidence confirmed the

proposed structure of this compound.

Vass spectrum of (14)

The mass spectrum was Observéd at 220° ( see page g4 ) which is a
sufficiently high temperature to decarboxylate this acid before the
formation of the molecular ion, and to explain the reason for the absence
of mélecular ion peak at 380. The parent peak in the spectrum was the
base peak at m/e 338; which determines the moleculér weight of the mono-

carboxylic acid (15). The proposed route of fragmentation is:

-



HZ FO0H
1\{;,({0001{
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lfass spectrum of (19)

HO /CH20H
2 @ 2 2

A suggested explaination of the abundance of the fragment ions for

N OO

this compound is:

= N 4
c=cg| ~HCHO O O H
= — 2 ,CH-0
i\
Q0 *
)
335 J

277 . 265 252
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(ii) Mass spectrum of 8,8'~bridged N-heterocyclic compound:

Wass spectrum of 8,8-diallyl dinaphtho(8',1'-ab, 1",8"~de) -cyclonona-

T
2,4-diene-8-a2zepinium iodide. @@ €] ,/CH2-CH :CH2
. qx\

The mass spectrum of this compound H2 {2 T ~CH = CH

: 2 2
did not show a peak at m/e 291 but showed @@

294 and 293 as expected for the replacement of a carbon atom by a nitrogen

atom in the ring. The base peak wes ouserved at m/e 41, probably allyl
ion, as it has two equivalent resonance structures, shich increases its
stability. H2C—‘=CH—CH; s —HzJE}-CH: CH,

The next most abundant fragment ions are at m/e 168 (allyl iodide) and
at m/e 335. The molecular weight of this compound was observed less

by 168. This first ion peak in the spectrum is at m/e 335,' the tertiary

amine: So the fragmentation observed started from this tertiary amine,

©© - CHI?CH;CH @@ |

o e ~cn=cH, ~ L~CH,~CH=CH, + —CH,_~CH = CH
2 2 @ : 5 2 2
a daughter molecular ion (m/e 335) which is o —branched, therefore the

first most abundant i“ragnienf would be expected by the elimination of a

hydrogen atom. The supposed fragmentation is:
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L,

F—CH,=C= CF
> F-CH,=C1i= CI,

i
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© I
-H CH ‘
— ~11-CH~CE= CH,
CH
QO -
. )
334
l - CH,
_ Y+
Lo, |
- HC=CH CH2
L — Ny-cii= cx
Q0
J \ ‘7
320
N+
Nee
N g
y \ : N
217 25 \ - CH 252
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2.6 Experimental: Syntheses

Preparation of 8,8'=bisbromomethyl-1,1'-binaphthyl

(Badar, Cooke and Harris, 1965)

Purification of 1,8-naphthalic anhydride

Commercial 1,8-naphthalic anhydride (200 g) was dissolved in 2.5
aqueous sodium hy%;xide solution by heating in a stainless steel beaker
and filtered. The filtrate was boiled with decolomrising charcoal and
kept hot for one hour and filtered., The filtrate was boiled and acidified
while hot with dilute hydrochloric acid; the precipitated acid anhydride
was filteied off, washed with water and dried: Crystallisation from

acetic anhydride gave long needles (188 g), m.p. 272—2730. It showed no

change in appearance 5efore it melted;

Mercuration of 1,8-naphthalic anhydride

(Rule and Barnett, 1932)

| Purified 1,8-naphthalic anhy&ridé (188 g) was dissolved by heating
in 2.5% aqueous sodiﬁm hydroxide and filtered into a 20 litre flask
using a glasswool plug. The filtrate was heated under refluﬁ for 15 min.
Lercuric oxide (208 g, red) was dissolved in glacial acetic acid (151 ml)
and water (560 ml)._The meicuric acetate solution waé added to the
Loiling solution of naphthalic acid solution, the reaciion mixture was

nade acidic by the addition of glacial acetic acid and heating under
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reflux continued for about 100 hours; swirling from time to time; during
which carbon dioxide came off. The completeness of reaction was checked

by dipoing a shining copper wire into the reaction mixture, and finding

no mezcury deposition; a test portion with sodium hrdroxide gave a

clear solution. The reaction product was cooled; filtered; washed with -
water, ethanol and finally with ether and dried., The cream coloured

product weighed 305 g (877%).

Preparation of 8~bromo=l-naphthoic acid

(Rule and Barnett, 1932)

The mercuri-compound (95 g) was suspended in 300 ml of glacial
acetic acid and 50 ml of water; The mixture was stirred mechanically
and cooled down to -10° in a solid carbon dioxide/acetone bath. The
brominating solution was prepared by adding 11 ml of bromine in 150 ml
of 50i% aqueous sodium bromids solution; this was added dropwise to the
mecuri-cqmpound keeping the temperature beIOW'Oo; then the reaction
mixture wos allowed to warm to room temperature and heatéd to 900,
poured into three litresof boiling water and filtered quickly. The bromo
acid, precipitated out on cooling,was filtered off; washed with water
and dried. The procedure was repeated ﬁith the rest of mercuri-compound.
Crystallisatioﬁ from ﬁenzene gave 68% yield, m.p. 173-174°.

<

Preparation of 8-bromo-l-methoxycarbonylnaphthalene

(Rule, Pursell and ITrown, 1934)

8-Bromo-l-mnaphthoic acid (75 g) was dissolved in 510 ml of benzene
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by heating under reflux énd freshly distilled thionyl chloride (23 ml)
added dropwise. The reaction mixture was boiled under reflux for 4.5
hours, cooled, freshly prepared anliydrous methanol (75 ml) was added
dropwise and boiling under reflux continued for an additional hour. The
reaction mixture was cooled, washed with water, with aqueous sodium
carbonate and finally with water. The benzene layer was dried over
calcium chloridé and the benzene distilled off. A syrupy reéidue obhtained
was distilled between 156-160°/1 mn. The distillate was stirred in an

ice bath andfgéﬁzlourless solid which on crystallisation from petroleum

ether (b.p. 40-60°) gave 55 g of the ester (737 yield), m.p. 35-36°,

Preparation of 8;8‘«bismethoxycarbonyl-l,1'-binaphthyl

(Cooke and Harris, 1963%)

8-Bromo-1-methoxycarbonylnaphthalene on Ullmann reaction at 2000,
with coprer bronze gave 8;8'—bismethoxycarbonyl—l,1'-binaphthy1. It
crystallised from ethanol in two crystalline forms, plates and prisms
as previously described (Cooke and Harris, 1963).

The first crystalline form: plate, melted at 156-158° if taken
slowly, but when'the mgﬁ. was determined in an apparatus preheated
up to 1400, it melted at 145-1470. The second crystalline forms: prism,
melted at 156—1586, 1o change observed i{ the m.p. wés taken in a pre-
heated apparastus. ’

IR spectrum (nvjol mull): a sharp strong band at 1700 cm"l confirmed
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the presence of carbonyl groups in botnh forms of tiwe ester.

The TMR spectra of these two forms observed in CDCl3 solution at
room temperature did not show any differences, and exhibited a complex
multiplet betwesn 2.03-2.85 ppm (12H, aromatic) and a singlet atT T.33
(6H; methoxycarbonyl) for these forms. ‘

Nass spectra: mass measured for plates, 370.1204; for prisms,
370,1206, 0241!'1804 requires 370,1205, The relative abundances obtained

for these two forms show small differences for the same values of n/e,

and are shown below ( Ton source, 180°; Trap current, 1004 A)

m/e Relative abundance (%) m/e Relative abundance (%)
Plates Prisms Plates Prisms
370 97 80 251 12 11
339 6 5 250 25 S 24
311 6 7 168 4 5
307 33 32 127 17 20
-279 26 QY 125 22 22
254 4 5 115 11 12
253 24 25 28 11 17
252 1100 100

Preparation of 8,8'-bishydroxymethyl-l,1'~binaphthyl

(Badar, Cooke and Harris, 1965)
Povdered lithium aluminium hydride (1.5 g) was suspended in 400 ml

of anhydrous diethyl ether in a well dried three-necked flask fitted
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-with a dropping funnel, stopper and a water condenser fitted'with
calcium chloride tube at the top. i solution of 8,8'-hisuethoxycarbo-
nyl-1,1'~binaphthyl was added slowly using a dropping funnel to the
refluxing suspension of lithiun aluminium hydride. After the complete
addition of ester, boiling under reflux was continued for four hours

and cooled; the. excess of reagent wss decomposed by using wet ether,

a little water and finally with dilute sulphuric acid. The ethereal
layer was washed with water, dried over anhydrous sodiuvm sulphate and
ether distilled off. The residue was dissolved in hot benzene from which
it crystallised on cooling. The crystalline diol/§22ted at 100° fo?

two hours in a vacum drier to wcmove benzene of crystallisation.

Yield 3.5 g (88.8%), m.p. 151~152°,(1it., 151-152°).

Preparation of 8,8'-bishromonetiyl-l,1'~binaphthyl

(Badar, Cooke and Harris, 1965)

8,8'~Bishydroxymethyl-l,1lt~hinaphthyl was dissolved.in warm acetic
acid and hot hydrobromic acid zdded to it with vigorous stirring; a gum
like product was obtained. The method was then modified.
{a) The diol (1 g) was dissolved in g little glacial acetic acid by
warming end an equivalent anownt of acetic anhydride added. Warm hydro=-
bromic acid kls ml) was added slovwly to the vigorously stirred solution;
a violent exothermic reacticrn ccecured duving wiilch special care was

needed, Yhen the yellow solid started sepzrating the remainder of the

hydrobromic acid was added 211 2% one time and the reaction mixture
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stirred for anothuer 15 min. It was poured quickly ia to an ice-water

nixture, stirred, the solution decanted, theusolid washed several times
with water, filtered and dried in an evacuated desiccator. Crystallisa-
tion from chloroform gave shining yellow powder 1.2 g (86%), mep. 191-

152° (1it., 191-192°).

(b) The diol (5 g) was added in small portions at room temperature to
magnetically stirred phosphorous tribromide (25 g, 6 mole) in a 100 ml"
round tottom flask fitfed with a calcium chloride tube., The reaction

was vigorous. After the addition was complete, stirring was continued
for another 15 min. The reactlion mixture was poured into a vigorously
stirred ice-water mixture and the precipitated yellow solid was filtered,
washed several times with water, aqueous sodium bicarbonate and finally
with water and dried. Crystallisation from chloroform gave shining
yellow powder 7 & (997), MeDey 191-192°,

The NMR spectrum in CDCl, solution exhibited a complex multiplet

3
at72.1-2.80 (12H, aromatic) and a (1:4:4:1) quartet at 5.74, 5.90,

5,99, 6.15 centered at 5.94 (4H, methylene).
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Preparation of new 8,8'-disubstituted 1,1'~binaphthyls

Preparation of 8,8'-biscyanomethyl-l,1'~binaphthyl (9)

8,8'-Bisbromonethyl-l,1'~binaphtiiyl (7.3 g, 1 mole/ was suspended
in 100 nl of 95 per cent ethanol and added over a period of iwo hours
to a refluxing solution of potassium cyanide (2.6 gy 2.4 mole) in 6 ml
of water and 17.3 ml of ethanol. During the additiom of bisbromomethyl
compound the colour of the reaction turned to brick red., After an
additional three hours of heating under reflux, the solution was cooled,
diluted wifh water to complete the precipitation of the product, filter-
ed, washed with water and dried. Crystallisation from benzene gave
dark red crystals 4.5 g (77.57), m.p., 218-223°d.; using én apparatus
preheated at 220°, m.p. 230-232°, :
(Found: C, 86.4; H, 4.8; N, 8.,5. C

N, 8.4%).

24H16N2 requires C, 86.7; H, 4.8;

IR spectrum (nujol mull): a sharp band at 2250 cm-1 confirmg the
presence of nitrile groups ( -C=N stretching;\2240—2260 cm“1 (sharp),
Bellamy, 1957).

NMR spectrum in CDCl, solution &t room temperature; a complex

3
multiplet betweens 2.00-2.75 (12H, avomatic) end a (1:4:4:1) quartet
centered at ¥ 5.96 (4H, methylene).

Mass spectrum: mass measured 332.1313; calculated for C24H16N2’

3%2.1%314. The relative abundances of the fragments are
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n/e R.A. (9) m/e R.A. (%) m/e R.A. (%)
333 26 304 43 263 13
3%2 100 302 13 252 30
351 51 292 17 250 8
330 8 291 13 152 6
317 4 290 21 151 6
316 4 289 13 139 17
315 4 277 21 138 21
307 8 276 13 131 13
306 21 266 13 83 13
305 26 265 39

333 represents M+1l; its presence is due to

151‘!.



72

*

Preparation of 1,1'-binaphthyl-8,8'-~diacetic acid (10)

8,8'-Biscyanomethyl-l,1'~binaphthyl (5 g) was suspended in ethanol
and heated under reflux and 100 ml of 50% aqueous ethanolic potassium
hydroxide solution added; heating was continued until the evolution of
ammonia gas ceased. the reaction mixture was cooled, the solid salt was

and The silution
dissolved in water;{boiled with decolourising charcoal and filtered.
The filtrate was acidified with 3N hydrochloric acid to precipitate the
8,8'-diacetic acid which was filtered off, washed with water and dried.
The acid obtained was greylsh white in colour; it was dissolved in
boiling methanol, treated with decolourising charcoal and filtered.
Colourless crystals appeared, 4.5 g (81.8%), m.p. 320°d.
(Found: C, T7.T7; H, 5.0; 0, 17.2. Cpylly g0y Tequires G, 77.85 H, 4.9;
0, 17.3%). .

The IR spectrum (nujol mull) shows a strong band at 1700 P
consistent with the presence of a carboxylic acid group.

NMR spectrum: unfortunately this acid is not appreciably soluble in
chloroform and carbon tetrachloride; nMR spectra were observed in dimeth-
ylformamide and in dimethylsulphoxide but could not give reliable
information about the molecule because of their own signals in the
regions of interest.

Massg spectrﬁm; mass measured 370.,1195; calculated for 024H1804

370,1205. ‘he relative abundances of fragments are:



m/e R.A. (% n/e ReAe (%) n/e ReAo (%)
370 28 279 56 263 16

352 8 278 24 253 8

326 277 28 252 20

325 10 276 20 239 8

324 14 267 20 140

303 8 266 36 139 24

281 12 20Y 160 138 24

280 16 264 12

Accurate determination of tne mass of the molecular ion and of some

other fragment ions:

Measured mass

Possible formulae

Calculated mass

370.1195
352,1092
32441158
>279.ll7l
277.1013
265,101

252.0941

C24H18O4

C4tt16%

Coxtl1600 .
Cooflys .
Codly5

Cortly 3

Co0iz

370.1205
352,1100
324.1150
279.1174
277.1017
265.1017

252.0939
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Preparation of diethyl 1,1'-binaphthyl-8,8'~diacetate (11)

1,1'-Binapnthyl-8,8'~diacetic acid (1 g) was dissolved in 100 ml
of anhydrous benzene (dried over calcium chloride) bj heating under
reflux. Freshly distilled thionyl chloride (0.5 ml) was added to the
boiling benzene solution and heating vnder reflux continued for another
three hours; the mixture was cooled and absolute ethanol (5 ml) ;added
dropwise, After a further hour of heating, the heaction mixture was
cooled, washed with water. The separated benzene layer was dried over
calcium chloride and distilled off. The residue was cooled in an ice
bath wonile stirring. A yellow crude product obtained was dissclved in
hot ethanol, boiled with decolourising charcoal end filtered. From
the concentrated filtrate the diethyl ester crysbtallised, 1 g (8]%),

Mmepe 95-96°. (Found: C, 78.7; H, 6.1; 0,15-0e026H96O requires C,79.0 3

4
H, 6.1; 0, 15.0%).

The IR spectrum (nujol mull) shows a strong tand at 17710-1725 cm—1

as expected for an ethoxycarbonyl group (Bellary, 1957).

The NMR spectrum in CDCl, solution at room tomperature, shows a

3
complex multiplet at " 2.00-3.00 isolated in two zroups for 44 and 8H
(aromatic). A singlet at 6.75 (4H, methylene proicas atleched to naphth-
alene rings), a (1:3:3:1) quartet centered ai q 6.%b (44, methylene
protons of ethoxycarbonyl groups) and a (1:2:1) toiplet centered at

8.94 (6H, methyl protons of the ethoxycarbemyl gnoups).

O

Mass spectrum: mass measured 426,1820, ('3,,_,,;_,‘%]?4,-O:L requirves 426.,1831.
‘ & AU

t

iielative abundsonces of fragment ions are given nelow, Tacwrz is a meta=

stable transition at 339.
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n/e RoA. (F) mn/e ReA. (%) m/e R.Ae )
426 324 5 276 19
381 323 23 266 16
380 13 305 11 265 100
354 3 280 13 264 8
353 11 279 54 252 11
352 24 278 46 239 5
351 5 277 43 139 8
(380)2
339 = —
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Preparation of 1,1'-binapnthyl-8,8'-bis(methylenepyridiniun) diiodide (12)

@@ o
C- -C>

8,8'~Bisbrononethyl-1,1'~binaphtihyl (1 g) was added to an excess

of hot anhydrous pyridine (dried over potassiun hydroxide), stirring

nagnetically, With in a few minutes a solid appeared. The reaction
mixture was cooled, filtered and washed with light petroleum (b.p. 40-
bOo) it quickly absorbed water from the atmosphere., It was dissolved

in water in which it is very soluble and boiled with decolourising
charcoal,bfiltered cnd the filtrate was concentrated, but the salt did
not crystallise'outk & hot agueous solution of potassium iodidg was added,
and on concentration tne iodide precipitated, which wes again dissolved
in water, boiled with decolourising charcoal, and filtered. Crystallisa—
tion from the filtrote afforded yellow crystals 1.4 g (87.55%) of the
dihydrate, m.p., loces water around 1650 and decomposes at 1960.

(Founds: C, 52.9; li; 4.2; N, 3.8; I, 34.8; 0, 4.3 (by difference).

032 ogN ol 21,0 rouires Cp 52,83 Hy 4425 N, 3.8; I, 34.8; 0, 4.3%).

s ~1 .
The IR spectiun {nujol mull) shows a band at 3500-3420 cm ~, which
is consistent witi: the presence of water of crystallisation and explains
1Y

the change in apnesrance vhen teking the melting point.
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Preparation of 8,8~diethoxycarbony1|§inaphtho(8,1—ab, 1‘,8‘-de)]-

OO _

H, cﬁg\COOEt
Q0

8,8'-Bisbromomethyl-1,1'-binaphthyl (4.12 g, 0.047 mole) was

cyclonona=-2,4~diene (13%)

suspended in dioxan (10 ml) in a well dried three-necked flask, fitted
with a dropping funrel, a stopper and a water condenser and stirred
magnetically. Sodiocethylmalonate, prepared in a dried and stoppered
flask by dissolving 0.64 g of freshly cut sodium metal in 40 ml of
absolute ethanolizgﬁing it to the diethylmalonate (2.06 g, 0.07 mole)
was added dropwise to the magnetically stirred dioxan suspension at room
temperature. The reaction mixture was heated under reflux with occasiona
swirling for three hours/gzg;led down to rocm temperature, when the
reaction mixture contained a solid. Water was added to cpmplete the
precipitation of the product, which was filtered, washed with water
and dried. The crude product was dissolved in benzene by boiling,
treated with decolourising charcoal and filtered. Crystallisation from
the filtrate gave 4.8 g (96%), m.p. 263-264°.
(Founds C,.79.3; Hy 5.95 0y 14.7. 029]-12604 requires C, 79.4; H, 6.0;
0, 14.6%). |

Molecular weigﬁt (Mechrolab Osmometer,in benzene solution) found
437.T3 required, 438.

The IR spectrum (hexachlorobutadiene mull), shows a sharp strong
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band at 1715 cm_l, as expected for ethoxycarbonyl groups, and 3050,

1

3030, 2990, 2975 (strong), 2950, 29%0, 2890 cm ~ for CH, CH, and CH

2 3

stretchings.

The NMR spectrum in CDCl, solution at room temperature exhibited

3
a very complicated multiplet between 7 2.15-%.38 (124, sromatic) in
three isolated sets. An octet, mixture of two quartets, analysed by
comparing éith compound. (17) ; one quartet (1:2:2:1) centered atfq 6,47
(44, methylene protons attached {o naphthyl residues) and another
quartet (1:3:3:1) centered atf 6.16 (4H, methylene proton of ethoxy-
carbonyl groups), aﬁd a triplet (1:2:1) centered at 8.94 (6H, methyl
protons of ethoxycarbonyl groups).

Mass spectrum: mass measured 438,1826; C %4 requires 438.,1831.

29t

The relative abundances for the fragment ions are:

n/e R.A. (&) nfe . R.A. (59) m/e R.A. (¢9)
438 81 292 31 266 25
365 3 291 100 265 37
364 6 290 50 252 12
335 12 289 - 62 145 6
320 6 278 19 78 18
319 25 277 © 3T 44 31
318 18 276 ' 37 32 50

There is a metastable peak at 302.5 <« (364)2/4387 :

-

Accurate determination of masses of some fragment ious:

Measured mass Possible formulae Celculatoad nacs

364.1470 Coelinn0, 364.1465 ’
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lleasured mass

Posaible forrmlae

Calculated mass

291.1172
265.1011

252.0929

R
(;231;15
021H13

Cogtlyo

291.1174

265.1017

252.0939
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Preparation of @inapntho(G,l—ab, 1',8‘-de)]—cyclonona-2,4-diene~8,8-

dicarboxylic acid (14)

The diethyl ester (13) (6 g) was placed in a 500 ml round bottomed
Tlask fitted with a water condenser and heated under reflux with 50 ml
of ethenol. Ethanolic potassium hydroxide (40 ml) was added and heating
under »eflux continued for three hours with magnetic stirring. The
potassium salt came out during the reaction, lhe mixture was cooled
and the potessium salt was dissolved in water, boiled with decolourising
charcoal and filtered. The filtrate was cooled down and acidified with
cold dilute hydrochloric acid to precipitate the diacid (14), filtered,
washed with waber and dried in an evacuated desiccator; m.p. 235—2360
with a brick effervescence; solidifying and remelting at 252-2540. Yield
4.8 g (92.3,).

(Found: C, T4.93 H, 5.0; 0, 19.8. 025}11804.320 requires C, 75.0; H, 5.03
0y 20.0%).

Yhe erilervescence observed between 255-2360 and subsequent solidi-
fication con be explained by decarboxylation and loss of a molecule of
- water of crystallisation: |

TR anectrum (hexachlorobutadiene mull):‘a sharp strong band at
.1700 cufi'as expected for carboxyl group, a broad band at 3500<cm_1

for watuer molecule.
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KR spectrum: This acid ig not soluble in chloroform or carbon
P

tetrachloride; the best solvents

are ethanol and dimethylformamide. To

locate the presence of shielded aromatic protons the spectrum was run

in Pﬁ—dlmethylformamlde, the two sets of doublets appeared at 7’3 28,

3,303 3.38, 3,40 (2d, aromatic).

acid prepared but the result fits the formula C

Mass spectrum: mass measured 338,.,1301, this is too small for the

H. .0, for the decar=

2471872

boxylated acid (15), mass calculated 33%38.1307. ‘'nhe mass spectrum was

observed at 220° with a trap current 70 eV; the result is consistent

with the easy decarboxylation of the diacid (14).

ances pf the fragment ions are

The relative abund—

m/e A, (9) m/e R.Ae (9) m/e RJAe (%)
380 absent 276 31 152 6
338 100 266 37 145 22
337 6 265 56 138 30
293 25 264 12 132 12
292 21 263 15 131 16
291 30 252 21 123 12
289 15 250 5 119 6
279 12 239 6 112

278 18 224 5 44 68
277 37 165 9 29 16




Preparation of [dinaphtho(8,1-ab, 1',8'-deﬂ -cyclonona-2,4-diene=8-

Q0

C
E,C rlz\COOH

The cyelic dicarboxylic acid ( 14); (4 g) was heated in a hard

carboxylic acid (15)

L%

glass tube immersed in a metal bath at 230-—2400 for 15 min., when the
diacid started melting, a brisk effervescencefﬁiZerved and after that
it again solidified and remelted; it was cooled, dissolved in 2.5%
aqueous sodium hfdroxide solution and filtered. The filtrate was boiled
with decolourising charcoal, filtered., The filtrate was acidified with
3N hydrochloric acid to precipitate the acid (15), filtered, washed
with water and dried. Yield 3.0 g (85.7%), m.p. 252-254°.

(Found: C, 85.13 H, 5.4; 0, 9.3. C requires C, 85,23 H, 5.¢3;

2416%
0, 9. 4%) . ’

The IR spectrum (KBr disec) shows a sharp‘band at 1700 cm-l as
expected for the carboxylic group . |

NMR spectrum; this acid is not appreciably soluble in chloroform
or carbon tefracbloride; the best solvents fof it are ethanol and
NH~-dimethylformamide., To locate the presence of shielded aromatic
protons the spectrum was run in NN—dimethylformamidé, and the two sets
of triplets (1:2:1); one atf’ 3427, 3.29 and 3,31 and another at 7/

338, 3.40 2nd 3.42 were observed in place of two doublets in the diacid.

-



Preparation of 8,8-dinethoxycarbonyl-[dinaphtho(g,1-ab, 1',8'~de)] ~

cyclonona~—2,4-diene (17)

The cyclic dicarboxylic acid (1 g) was added to a cold ethereal
solution of freshly prepared diazomethane (0.3 g) with continuous
swirling; wvhen the effervescence was over the ethereal solution was
washed with aqueous sodium carbonate and finally with water. lhe
ethereal layer was dried over anhydrous sodium sulphate and distilled
off, Crystallisation from benzene gave 1 g of the ester (92.6%), m.D.
?58-2600. (Found: 6, 78.9; Hy 5.2 0y 15.7. Cpefl,,0, equires C, 79.05
Hy 5.35 0y 15.6%).

IR spectrum (nujol mull): a sharp strong band at 1720 am~1 as
expected for methoxycarbonyl gTroups.

MR spectrum: The NIR spectrum was obseéved in CDCl3 solution at
room temperature. It exhibited a complex multiplet from? 2.16-3,38
(12H, aromatic) in three isolated sets of multiplets. One set is
shielded and appears in two sets of doublets, each set corresponding
to one proton. There is a singlet at T 6.64 (64, methoxycarbonyl

protons) and a (1:2:2:1) quartet centered at  6.46- (4i, methylene

protons attached to naphthalene rings).
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Preporation of 8-methoxycarbonyle- [dinephtho(8,1-ab, 1‘,8'—de)] —~cyclonona~

2,A~diene (16)

The cyclic monocarboxylic acid (15), (3 g),was suspended in

%

wdrous bengzene (100 ml) in a well dried three-necked round botiomed
flask fitted with a dropning funnel, stopper, and a water condenser
carrying a cnleiun chloride tube, and heated under reflux (it did not
dissolve). Yroghly distilled thionyl chloride (1 ml) was added dropwise
to the megnotbically stirr 6 benzens suspension of the acid (15), and
the whole heoted under reflux for three hours; the solution hecame
clean vas cooled, 5 ml of freshly prepared anhydrous methanol added and
the mixture heated under reflux for another 30 min.; it was cooled,
washed thrice with weter, thrice with aqueous sodium carbonate and
finally with water (1.5 g of the acid was recovered). The benzene layer
was dried over caleiunm chloride and henzene distilled off. The brown
residue wes siizred in 1lizht petroleum (bep. AO-6O ), a greyish white

g01id filtewsd off. Cryztallisation from ethyl acetate/ethanol gave

folecular veight dzbermined in the Yechrolab Osmométer using
ethyl acelatr 2o & solvent: found 351, reguired 352.
Found: C, 87.4; Ly, 5.7: O, 2 0, requires C, 85.2; H 73
(OJ( C,, ? 3 i .9 ?)232 :A 55'3135"
0, 9.1¢%),
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IR spectrum (nujol mull), a strong bend at 1728 cm_1 is in accord
with the expected band for methoxycarbonyl group.

The WKR spectrum observed in CDCLl, solution at room temperature

3

has shown characteristic complicated multiplets between 2.20-3.40 (124,

aromatic) and a sharp singlet at 7 6.67 (3H, methoxycarbonyl protons)
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Preparation of 8,8-bishidroxymethyl- [?JnﬁphthOQB 1-ab, 1! 8'~de)] -cyclo~

nona-2,4-diene (19)

l::"::' C/CH O

H.C 1 \CH ol

©@

Lithium siuminium hydride (0.5 &) was placed in a well dried

three-necked round hottomed flask, fitted with a dropping funnel,
Jocketled

stopper and a dried Wauerkcopdenser cerrying a calcium chloride tube,
and 250 ml of anhydrous diethyl ether added. The lithium aluminium
hydride suspension wes heated under reflux, stirring magnetically. The
powdered diethyl ester (I &) suspended in 100 ml of anhydrous diethyl
ether, wvas added over a peribd of 30 min, end heaiing continued for 5
hours: after cooling the excess pf reagent was destroyed by adding a
. few drops of water and 50 ml pf dilute sulphuric acid and then heated
under reflux for another 30 min.; during this period thevreaction
mixture became clear, and was then cooled, The ethereal layvr vas sepa-—
rated, washed with waler and dried over anhydrous sodium sulphate and
ether distilled off. Tryatallisation from benzene gave colourless
needles 0.6 g (75%), w7 196°.
(Found: C, 84.63 H, €.3: 0, 9.0, C2VH22 , Tequires C, 84.7; H, 6.33
0, 9. |

The IR spectrum (hexachlorobuiediene rmll) shows a strong band at

3340 cm -1 as expecied fow the presence of a hydroxyl group and at 3060,

-

3050, %000, 2960, 2950 (ghexp), 2920, 2890 (sherp and strong), 2860 and



87

2’7190 cm-l for CH and CH2 and aromatic CII stretching.

The MR spectrum: this diol is not appreciably soluble in chloroform
or carvon tetrachloride, and therefore integration was not satisfactory-
The shielded aromatic protons apreared in two sects of doublets at 3.24
and 3,28 and znother at 3.36 and 3.40 as is characteristic of these
cyclic compounds.

llass spectrum: mass measured 354.1615; calculated for 025H2202

%54.1620. The relative awmmndances for the ions involved in the

fragmentation

m/e R.A. (97 m/e R.A(5) | m/e R.A. (%)
355 27 280 11 165 2

354 , 100 279 44 153 5

3356 2 278 17 145 3

335 2 277 - 29 138 3

317 5 267 29 83 7

305 19 265 12 44 2

291 12 252 14 28 22

290 12 239 2 18 13

289 27 ’ '
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Preparation of [ﬁinaphtho(B,l—ab, l',8'—deﬂ -cyclonona~2,4~diene—8-

carbinol (18)

The cyclic monomethyl ester (16), (3 g),was placed in a well dried
Soxlet extractor, and 0.75 g of powdered lithium aluminium hydridé was
suspended in 1000 ml of anhydrous diethyl ether in the dried three-~
necked two litre round bottomed flask below; the apparatus was then
heated under reflux for three hours, stirring magnetically. The excess
of the reagent was decomposed by treatment with wet ether, a little
water, and dilute sulphuric acid; heating was continued for another
hour snd then the mixture cooled. The ethereal layer was washed with
water, dried over anhydrous sodium sulphate and ether distilled off.

The crude product was dissolved in cyciohexane and boiled with decol-
ourising charcoal, filtered and crystallised from the filtrate, m.p.
47—490. The elemental analysis showed that th; desired compound was not

- pure, so it was recrystallised from chloroform, m.p. 74-760. Yield, 2.7 g
(92.65), (found: C, 88,63 H, 6.3: O, 5.0. 0243200 requires C, 88.8;

Hy 6425 0y 4.9%). |

The IR spectrum (hexachlorobutadiene mull) shows %600 (weak),

3350 cm"l {broad) bands‘és expected for the présence of hydroxyl group.
.The NIR spectrum'déte?mined in CDCl5 solution at room temperature,
exhibits two sets of fripiéts for shieidéd.éromatic protons (see NIR

spectrun No. 2).



89

Preparation of [Qinapntho(B',l'—ab, l“,8"-de)]—cyclonona-2,4-diene—8—

azepinium—l-spiro-[s,é]tetradecane-l"'—piperidinium bromide (20)

8,8'=Bisbronomethyl-1,1'~binaphthyl (5 g, 1 mole/ was dissolved
in 50 ml of chloroform and a solution of piperidine (2.3 ml, 2 mole)
in chloroform (50 ml) added dropwise while stirrigg magnetically. ‘the
reaction mixture was warmed to 50°~over a water bath and kept at this
temperature for 90 min. It was cooled and ether added to precipitate
the bromide, which was filtered off and dried by suction. The crude
product, 5 g, was dissolved in water; boiled with decolourising charcoal
and filtered. The filtrate was concentrated and the bromide crystallised
outy, 4.6 g8 (67.65), meDe 280—290?@., melted at 314—3160 in an apparatus
‘preheated to 3000. )
(Found: C, 72.8; H, 5.9; W, 3.1; Br, 18.0. 027H26NBr requires Cy T73.03
H, 5.9; N, 3.1; Br, 18.0%).

The IR spectrum (hexachlorobutadiene mull) shows bends at 3040,
3010 (strong), 2990, 2980, }2970, 2940 (broad), 2900 (wesk), 2860 P

for CH, CH, atretching.

2

‘The MR spectrum in CDCl, solution at room temperature exhibited

3
a complicated multiplet from 2.18 to 3.39 (l2il, aromatic ), separated
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into three complex sets of multiplets. Two doublets centered at 3.26
and 3.%8, each with a separation of less than 0,1 ppm are characteristic
of the cyclic system.

A _quar’cet centered at 4.96 (4H, methylene protons attached to
nap’x;thalene rings). A broad singlet at? 7.05 (44, piperidine) and

another broad singlet at7 8.25 (6H, piperidine).
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Preparation of 8,3~diethyl @inaphtho(@,l-ab, 1',8’»&@)] ~cyclonona=~

2,4-diene-8~azepiniun iodide (21)

8,8'-Bisbrononethyl-1,1'~hinephtayl (4 g, 1 mole) was dissolved
in anhydrous benzene by heating. Freshly distilled diethylamine (1.08 g,
2.2 mole) was added over 20 nin. to the magnetically stirred benzene
solution of the bisbromomethyl compound. Precipitation of the bromide
salt was completed by adding petroleun ether (b.pe. 40-600); it was
the
filtered by suction, but quickly absorbved water frog/atmosPhere. 1%
\
was dissolved in water in wiich it is very soluble and hoiled with
_decolourising charcoal, filtered and the filtrate concentrated, but the
salt did not crystallise out. & Lot agueous solution of potassium iodide
. was
was added, and on concentration the iodide precipitated, winich/again
dissolved in water, boiled witih decolourising charcoal and filtered.

Crystallisation from the filirate afilucded the monohydrate in needles

4 g (88.8%) had m.p. 210-212%; it chioages its appearance between 155-

o

160°. {(Found: C, 62.7; Hy 5«75 N, 2.95 O, 3.25 1, 25°4',025H26“I'H20
- ‘N,'Q‘?v' ' _ ) . :
requires C, 62,85 H, 5.7T;/C, 3.25 T, 25.5 %).
The IR spectrum (hezachlovohiisrdiene mull) shows band between

2500-3450 (broad) indicating the pressuce of water and explaining the .



g2

change in appearance whén taking the meltingz point,

The NIMR spectrum in CDCl5 solution at room temperature exhibited
three isolated sets of multiplets at 1.9 to 3.39 (121, aromatic). A
quartet centered at 75.07 (4H, methylene attached to naphthalene
rings), another quartet centered 2t 7.24 (4H, methylene protons) and

a triplet (6H, methyl protons).
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Preparction of 8,8-diallyl-[dinsphiho(8,1-ab, 1',8'~de)] —cyclonona—

2,4~diene-8-azepiniun iodide (22)

1
()/gq ~CH:=CH

2

FTz CH -CH.~CJ2

8,8'-Bisbronomnethyl-1,1'-binaphthyl (2 g, 1 mole) was dissolved
in dried (calcium chloride) benzene by heating and freshly distilled
diallylamine (1 g, 2.2 mole) was added while stirring magnetically.
The reaction mixture was heated under reflux for 30 min., after 10 min.
a s86lid appeared. The reaction mixture was cooled, petroleum ether
(b.pe 40—60°) added to complete the precipitation, and filtered. The
solid bromide was dissolved in water in vhich it is very soluble and
boiled with decolourising charcozl, filtered, and the filtrate was
concentrated, but the bromide failed to crystallise out. A hot aqueous
'solwtion of potessium iodide was added and on concentration the iodide
precipitated out, vhich was =gain dlssolved in water, boiled with
decolourising charcoal and filtered. Crystallisation from the concen-
trated filtrate ﬂffordeﬁ long needles, 1.6 g (72.7%), meDe 182-184°.

(Found: C, 66,65 1y 5¢2; W, 2,73 I, 25.7. C T requires C, 66.8;

28 26"
Hy, 5.2; N, 2.8; I, 25.%"). Further gravimetric determination of iodine,
254250

fhe IR spectrwm (hexrohlorobutadicne mull) shows bands at 3080,
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3040, 3000 (strong), 2980 (weak), 2940, 2890 (weak) for CH and CH2
stretching.

This compound dissolves in chloroform at room temperature and
then immediately precipitates out from this solution, and does not
dissolve againg thus we failed to observe the NMR spectrum.

for the second peak

Mess spectrum: mass measured|334.1593; calculated for 025H20N
334.1596. 335could be a tertiary base. be could not work on it
further due to its unpleasant physiological properties, ‘'he parent
peak ia the spectrun at m/e 335 1s explained by the elimination of one

molecule of allyl iodide (m/e 168) before the rest of the fragmentation

started, leaving CZSHZlN; ‘'he relative abundances for the respective

ilons are

n/e R.A. (%) m/e R.A. (%) | m/e R.A. ()
335 30 277 22 147 3
334 23 276 17 - 146 3
320 3 266 T : 142 5
306 3 265 17 139 5
295 3 264 5 138 5
294 13 263 13 134 6
293 13 252 6 132 8
292 [ 250 -3 127 6
291 5 208 53 L4 100
290 .5 194 3 | 3 . 46
280 . 8 . 168 85 '

279 22 166 19

278" 8 |
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8,8-Diallyl @inaphtho(B',l'—ab, 1“,8”-de)]—cyclonona—2,4—diene-
8-azepinium iodide (20) was sent to Chester Beatty Research Institute,
Institute of Cancer Research: Royal Cancer Hospital, London, S.'7.3,
(Dr. T.A.Comnors). It was tested for tumour inhibiting propezties; The
report followss .

TUIOUR: Rl Lymphoma

Cell Innoculum eee.. 1.9 10%, site of Transplent ..... s.c. (inguinal).

Sex & Strain of Mice ..... § CBA/LAC

Vehicleéseees Arachis oil. Route of injections eeese ieD.

Dosage Schedule «e.... Single dose.

Meximum effective G0SCaessvs.. Iinimun effective dOSE eeees.
Dose Fumber Days of| Days of Range of | Average % Increase in
ng/Ke of Treat- | death days of survival time
animals . death
‘ ment . over control
control| 10 - 9,9,9,9,9, |9-11 9.4 -
9,9,10,10,11|
25 5 3 5,9,9,9,9 |59 8.2 -12.8
50 5 3 595:6y696 ' 5“6 506 ’ -40.4
100 5 3 4,4’49@;47 4 4¢O —57-4
200 5 3 498334, 40 | 4 4.0 -57.4
400 5 p) 444544444 4 4.0 ~5T7.4
800 5 3 444544444 4 4.0 ~57.4

At doses as low as 50 ng/Kg, deaths are dnue to drug toxicity. At

25 mg/Kg, however, there is one early death due to drug toxicity vhile
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~ the remaining four deaths are due to the tumour. Under these conditions
the compound exerts no anti-tumour effect. It is a compound which is

very toxic.
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3. OPTICAL WORK

3.1 Introduction to Preparative Optical Work

‘the present work includes two classes of new optically active
compounds:s

ae Unbridged 8,8¢-disubstituted 1l,1*~binaphthyls

b. 8,8:=Bridged 1l,1'-binaphthyls
A brief summary of preparative optical work is shown in the schemes on
the following pages.

a..Unbridged 8,8'-disubstituted 1,1'-binaphthyls

(i) Optically active 1,1'-binaphthyl

(Barris and kellor, 1961; Cooke and Harris, 1963)

Optically active 1,1'-binaphthyl was prepared by using the method
of Cooke and Harris (1963) from the optically active (+ )578-1,1'—
binaphthyl-4,4{-diamine. The 4,4'-naphthidine was obtained uptically
active following the procedure of Theilacker,and Hopp (1959). The 1,1‘—A
binaphthyl is optically labile, therefore special precautions were
taken to prevent loss of optical activity. nigher values of optical
rotation, in various solvents, were found than before; in benzene

[x] s7g a8 + 268° ([“] 578

tetranydrofuran [o<]578+ 107° \[04] 59" 104°, ikimoto, Iitaka, Shioiri

+ 245°, Cooke and Harris, 1963). In

and Yamada, 1968). In ethanol EX] T 2230, however, if the binaphtnyl

578

was dissolved at room temperature and the rotation read as quickly as

possible, Ex]578 was + 2030.
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Scheme a. Unbridged 8,8'~disubstituted 1,1'-binaphthyls

(i) Optically active 1,1'-binaphthyl

(HarTis and lMellor, 1961; Cooke and Harris, 1963)

(t‘: )- H2H— @ H, + 2(smnonium~( -+ )=bromocamphor- 77 —sulphonate)
(+)-4,4'-Naphthidine(ammonium~( -+ )=~bromocamphor- 7 —sulphonate)

Ammonium hydroxide

( +)=4,4'-Naphthidine + &(Ammonium-(+ )=-bromocemphor-7 ~sulphonate)

() HC1/NeXO,
(4 )-4,4'-Naphthidine

y (-+)-1,1'-Binaphthyl
(ii) Hypophosphorous acid -

(ii) Optically active 1,1'~binaphthyl-8,8'-dicarboxylic acid and

substances derived from it.

Optieally active 1,1°'=binzphthyl-8,8'-dicarboxylic acid

(Meisenheimer and Reisswenger, 1932)

(i) Brucine/ieOH

N

(ii) ¥eQH/HCL
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(iii) Optically active l,l'-binaphthyl-8,8-diacetic acid

Q10

( % )- Hooc-i, 1,-COOH 4 Brucine
‘IAcetone

( + )=Acid.Brucine + , (=)~Acid.Brucine

(i) NaoH/ CH<313

(ii) HC1

L4

(+ )=Acid + Brucine hydrochloride (-)-Acid + Brucine hydrochloride

Scheme b. Optically active 8,8'-bridged 1,1'-binaphthyls

(i) Carbocyclic Compounds

O @ CO0H

+ - G\
(X)-EC (o COOH . o Quinidine

Q0

BEthanol

(-)-Acid.Quinidine + (+)~Acid.Quinidine
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4

1,~Br (+)—H20/ » COOBE
o [il'@]

(1) CHCL,/NaOH  (+)-B

(ii) HA

¥ CHN

00 =

: /
(-)-5, HZ\COOMe

QC:




l- LAALH
Q) "
(-)- H, //gﬁz\cnzozz
00 _ o=
(=)- &, cﬁz\cooxi

CHT, o
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L
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(ii) 8,8'~Tridged N-heterocyclic compounds

Piperidine

Diethylamine/Podassium iodide

Diallylamine/

Potassium iodide

1©

R 2 .
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(ii) Optically active 1,1*=binaphthyl-8,8*=dicarboxylic acid, and

substances derived from it

1,1*-binaphthyl-8,8'-dicarborylic acid was optically activated by
the crystallisation of its diastereomeric brucine salts from methanol
using the method of Meisenheimer and seisswenger (1932). Optically
active 8,8'-bismethoxycarbonyl-l,l'~binaphthyls were prepared from
the optically active acids (Cooke and Harris, 1963). These optically
active methyl esters were reduced to the respective 8,8'-diols (with
change in sign of optical rotation), converted into the 8,8'-bisbromo-
methyl compounds (8) following the procedure of Badar, Cooke and Harris
(1965). Optically active (8) was used to prepare quaternary ammonium
halides (12, 20, 21 and 22). In the preparation of optically active
compounds derived from optically active (8) mo change in sign of

optical rotation was obsexrved.,

(iii) Optically active 1,1'~binaphthyl-8,8'-diacetic acids (10)

HOOC~H,C ~COCH

. The resolution of 1,1'—binaphthyl—8,8'-diacetic acid (10) was
attempted with brucine, quinidine and quinine‘in‘methanol, ethanol
and acetone., The acid itself was not appreciably solub.e in methanol

or ethanol but in the presence of the alkaloid it went into solution.
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Vhen equimolecular smounts of (jt) —acid and quinidine were dissolved
in ethanol and left to stand, long needles crystallised out; however
me.pe and mixed m,p. with quinidine and optical rotation of these
needles showed that it was only quinidine itself. With brucine in metha-
nol and also in ethanol crystallisation did not occur; on slow evapo=-
ration av room temperature a gel was obtained.

On crystallisation of the salt witn quinine from ethanol the first
crop was optically inactive acid. On concentration of the filtrate
from the first crop and on standing overnight a quinine salt with
negative optical rotation crystallised out which on decomposition
liberated the laevorotatory acid; btut on repeating the same procedure,
it failed to crystallise. The solvent ethanol was then replaced by
acetone, from which the first ( +)-rotatory quinine salt crystallised.
The filtrate was concentrated and gave quinine salt with negative
optical rotation,

Racemisation of the (i_)546 acid was carried in 0.1N agueous
sodium hydroxide between 111—1370. No decay in the degree of optical
activity was observed below 980. ‘he optical stability was as expected
in the range of 8,8'-dimethyl-l,l:~binaphthyl and 8,8¢=bishydroxymethyl-
1,1 =binaphtnyl compounds wnich have been reported fairly stable at

room temperature (Badar, Cooke and Harris, 1965).
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b. Optically active 8,8'-bridged 1,1'-~binaphthyls

Resolution of [dinaphtho(8,1-ab, 1i,8'=de) ] -cyclonoua=2,4-diene~8,8~

QD)=
C

-
HZC n2 COOH

The resolution was carried out using equimolecular proportions

dicarboxylic acid ( 14)

of the acid and quinidine., The racemic acid was known to decarboxylate,
anud therefore to minimise the risk of decarboxylation of the optically
active acid during resolution, the solutions were not heated; where it
wes necessarvy to remove tiie solvent, a rolatory film evaporator was
vsed. Both the acid and quinidine were dissolved in ethanol separately,
filtered and mixed together gently: vigorous stirring of the mixed
solutions resulted in the appearance of racemic diastereomeric salts.
In a feﬁ minutes time afler mixing the solutions short needles started
to crystallise wnich on standing overnight took the shape of waite
flowers. The filtrate was concentrated on a rotatory film evaporator,
and gave optically impure salt. Crystallisation of first crop gave
(~)546—salt, the filtrate from the second crop gave (4~)546-sa1t. After
the third crop, the remainder was left as a gel..(;)546—8alt on decomp-
osition ¢eve (~)-acid and (+-)546~sa1t gave (+ )-acid. When the’

regolutisn vra carmied out on a lerge scalse, optically active acids
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vere not obtained with such high rotations as obtained from smaller

anmounts.,

Optically active [ﬁinaphtho(B,l—ab, 1',8'-de)] -cyclonona-2,4-diene~

8-carboxylic acid (15)

Opticelly active acids (14) were heated separately in pyrex

glass tubes placed in a preheated metal bath up to 220-2250 in order
to obtain (4 ) and (-) optically active acids (15). Decarboxylated
products were extracted with dilute asueous sodium hydroxide, boiled
with decolourising charcoal, filtered and precipitated from the hot
filtrate acidified with dilute hydrochloric acid. The signs of optical
rotations corresponded to their precursors, but the amount of rotation
was approximately doubled..This may be connected with the disappearance
of C, symmetry in (15) which was present in (14). This decarboxylation

of optically active acid (14) shows that it is an optically stable

compound and does not permit the inversion of its configuration.

Hethvl esters of the optically active acids were prepared by
reaction with diazomethane in cold ethereal solutions.,
Optically active alcohols: Optically active methyl esters (16) and (17)

were rediuned to corresponding optically active alcohols (18) and (19).
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The sign of optical rotations for the alcohols here remained the same

as for their precursor esters.

Preparation of optically active 8,8~diethoxycarbonyl [hinaphtho(S,l—ab,

1',8'-de) | —cyclonona-2,4~diene (13) and dinaphthof8,1-ab, 1',8'-de)] -

cyclonona-2,4-diene~8,8-~dicarboxylic acid by another method:

Tor the purpose of chemical correlation to derive absolute configu-
rations, (+—)546—bisbromomethy1 compound (8) was treated with sodiodieth-
ylmalonate in anhydrous diethyl ether to obtain optically active ester
(13). Crystallisation gnve 335 of optically inactive ester (13), tﬁe
filtrate was evaporated to dryness, dissolved in ethanol and filtered.
Crystallisation from the filtrate gave 505 of (+ )546—diethy1 ester (13).
This ester was hydrolysed to obtain optically active diacid (14). The
(%')546-acid obtained has a little higher optical rotation than the
one obtained by resolution, Results of the racemisation experiments are

discussed later.
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3.2 Experimental: Preparation of optically active compounds and

racemisetion of one ontically active compound

Preparction of optically active 1,1'~binzphthyl-8,8'-~diacetic acid

(1) Quinine (1.2 g, 1 mole) wes placed in %00 ml of ethanol and 1,1'-
binaphthyl-8,8'~diacetic acid (1.4 g, 1 mole) was added, and the
solution wzs heated until all the solid dissolved, filtered and the
filtrate concentrated dom to 100 ml, On standing over-night it gave
needles, which wvere filtered, washed with a little ethanol and dried.
Yield 0.5 g, m.p. 307 d. In ethanol as well as in N-dimethylformamide
solution it did not show any optical rotation; this was racemic acid
recovered.,

The filtrate was again concentrated down to 50 ml and after stan-
ding over-night, a white cry talline product deposited was filtered,

washed with a 1little eth-nol and dried. Yield 0.5 g, M.Pe 123—1270.

5 46=0-395° ["‘]546

(Found: C, 71.6; H, 6.8; 0, 15.8;-N, 5.6. The mono quinine salt

-176° (c= 0.448; 1= 0.5; NN-dimethylformamide).

C44H4206N2 requires C, 76.1; H, 6.1; 0, 13.8; N, 4.0y). This salt was

supposed to be the mono salt of quinine but it has some extra quinine.

No second crop of the cuinine salt crystallised,
D g u

Liberation of optically scive acid (10)

/
. > R T . . -
The quinine saltE%]r 5~i1b. was dissolved in chioroform and

shaken with dilute agueous godiuvm hydroride. The alkaline layer was



110

separated and washed with chloroform several times and air was bubbled
throush to remove traces of chloroform and the solution filtered. The
filtrate was acidified with dilute hydrochloric acid, the precipitated

c
acid was filtered, washed with water and dried in an evacuated de31£ator,
20

546 -307%  (c= 0.052, 1% 0.5, 95% ethanol).

m.p. 308°, o o6 -0.08°, [ox]

(Found: C, 77.7; H, 5.0; 0, 17.3. C requires C, 77.8; H, 4.9;

24M18%
0, 17.3"). This procedure on repelition did not give a crystalline

quinine salt, and therefore it was decided to change the solvent.

(2) Quinine (0.8 g, 1 mole) was dissolved in 150 ml of acetone and
1,1'-binzphthyl-8,8'-diacetic acid (1 g, 1 mole) added to it; the solut-
ion was heated until 211 dissolved and then filtered. On standing,

after a few hours colourless solid crystallised out, which was filtered
and washed with a little acetone and dried, yield 0.7 g, m.p. 120-128°,

20
°<546+O'050, [OL]546+ 138° (¢=0.072, 1= 0.5, N,N-dimethylformamide).

(Found: C, 73.7; H, 6.3%: N, 3.6. The monohydrate of quinine salt

1T : . o T
C44H4206-\20H20 I‘equlres C,‘7402,~H, 509, N, 3.9/“).
The filtrate was concentrated up to 50 ml and on stending over-
) 20
night it gave 0.6 g, m.p. 119-125°.°<546 -0,06°, E*]546-1429< (c=0.084,

1= 0.5, H,N-dimethylformamide).
(Found: C, 73.8; H, 6.3; ¥, 3.5. The monohydrate of quinine salt

c,,H

A4 4206N2

composition of thesé quinine salts is evidently not simple.

.H20 requires C, T4.2; H, 5.9; N, 3.9). Stoichiometric
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Liberation of optically active acids

The procedure used was the same as on page |pqg . The quinine salt

20
(¢} .
[;0‘]‘58 43‘ 138°  gave the acid, m.p. 308-310°. o<5 26% 0.205°,
(%] sqst 22177 (g7 0.18, 1= 0.5, N,H-dinethylfornanide).

(Found: C, 78.1; U, 5.1. C24H1804 requires C, TT.83; H, 4.97).
s []20 c. " o
The quinine sslt|% 546 -142 gave the acid, m.p., 309-310",

20 ,
0(546 —O.26O,Ex] 545 —245?' (c= 0,212, 1= 0.5, N,H-dimethylformamide).

Unfortunately the material was insufficient to try for greater optical

purity.

Racemisation of (+ )-1,1"-binaphthyl-8,8'-diacetic acid in 0.1N aqueous

sodium hydroxide solution

(+)-1,1'-Binaphthyl-8,8'~diacetic acid (0.1868 g) was dissolved
in 50 ml of decinormal aqueo.s sodium hydroxide and portions of this
solution sealed in pyrex glass ampoules, kept in an oil Fhermostat at
selected temperatures, withdrawm at suitable intervals, cogéed immedia—

tely to room temperature and optical rotation measured. ”<546+O.465°

~20
E*]Mé‘r 248.9° (time = 0)
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Tomperaturs | Tine o Tomperature] Time <
(°c) (nin.)| (%) (°c) (min.) | )
111 15 0.430 123 120 0.060
30 0.395 133 15 0.235
45 0.360 ‘ 30 >o.13o
60 0.335 45 0.065
90 0.280 60 0.035
123 15 0.565 137 15 0.135
30 0.280 30 | 0.035
45 0.225 35 | 0,022
60 0.155 45 | 0.000

0 0,166 %

The vltra-violet absorption spectrum (Perkin-Zlmer Double Beam
Spectrovhotormeter 124) of the recovered acid was found identical with
the v,v. socctrun of the original racemic acid in 0.1¥ aqueous sodium

hydroxide solution.

Calculetion of Arrhenius parameters for racemisation

Tho rate constont k was determined at each temperature using the

fivst ouwdor rate equations

7
_35‘{_ _"‘:“*10{3' __,_9.4'
t St

The encrry of activation for racemisation Erwc was found graphically
<L .

es well oo using the method of least squares;
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Racemisation of (+)-

in 0.1¥ WaOH

(75-2)

HOOC-—H2

113

cH,,-CO0H

2

(t = 123°)

Y 15 20 45

Time in minutes

105

120

135



114

Arrhenivs plot for (4 )-1,1'~binzphthyl~8,8'-

diacetic acid in 0,1 N NaOH (agueous)

2.5 2.6
10% /1 .
(Figure 4)
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(i) Graphical determinntion of Er'*c: Data used (also used for least
S - <

squares method), hence figures retained till end,

7oK 103/‘1‘ (x) k sec™t logy ok sec™t (y)
%384.2 2.6028110. 0.0000915 ~4.03858
396.2- 2.5239777 0.0002823 -3.54929
406,2 2.4618414 0,0007285 =3.13757
410,2 2.43783%52 0.0014217 -2.84720

The slopeof the line (figure i ) is, 0.200/0.029 = 6.89(655)

Erac: 6.89(655) x 2.303 x 1,988 = 31;5(4) keal mol—l.

——————

(ii) Calculation of B__ by lecst squares method
rac -

; -E/R cq s

The equation k=Ae RT (vihere k is rate constant, A probability
factor, R the gas constant (1.988) and T absolute temperature) can be
written as logigk = logygh - E/2.303RT i... ees oee (1)e In the
equation ¥= a + X ses eee ees (2), (Hammett, 1941) on fitting a
series of measurements of the values of x and y, the best values of

2 and b can be evaluated by the relationships;

2 . .
€X' ¢y ~gXLXY

l©
i
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z
If the variable y is taken as 10510!_{_ end the variable x as 10°/T, then
the slope b (a constant) will be equivalent to =E/2.%03R and the

equation constont a will be equivalent to log) 4A from equation (1).

Calculation of b and a:

e e . . . ” x°

-10.5116504 6.7746251
- 8.9583288 643704634
- T1.7241997 . 6.0606631
- 6.9410044 5.9430405

$ x = 10.0264653, £y = =13.57264, £ xy = =-34.1351933

£x° = 25.1487921, 44x°= 100.5951684, ( £ x)2= 100.5300064
4% xy = -136.5407732, £ %z y= -136.0856040, n= 4.
the ‘ :
Putting these values in/stastical equation to determine the slope of
the liney b iS/ ~6.9852.
E_o= —bx 2.303 x 1.988 = 6.9852 x 2,303 x 1.988
= 31,99 = 32.0 kecal mol ™.

Calculation of logloA at 111°C: Putting the values of y, x and b in

equation (2), 2 = -4.03858 —(-6.978221)(2.6041666)
log; A =14 - . 4 .

. > -1 _
il.e. Erac = 32 kcal mol ) logloA =14
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Calculation of Transition State Theory Functions ( 53871‘ , ARE ’ N )

Cagle and BEyring (1951) suggested the apnlication to racemisation
of the ebsolute reaction rate theory equation (Glastone, Leidler and
Byring, 194‘1)9

— i 1 (‘#
K _gkn.oT AE/R AR

h .
vhere k is rate constant, {transmission coefficient ( unity), K is
Boltzmenn constant, h Planck's constent, [_AH76 enthalpy of activation,
A St entropy of activation, R gas constant and T absolute temperaturc;
they showed that the emtropy of activatiin . . A0S7 makes an impor-
tmdt contribution to the racemisation velocitiezs of atropisomers. In
fact every process depends upon two termsj)ﬂfg and L\Si", and a change
occurring in the process is favoured if AHT( iz small or[_\S)é is
positive, which corresponds with a sxzl} energy or an increase in

in the transition state

disorder/respectively. Whenever the temperature © is not very

high, both the terms AE? and TA s* are imporit-nt. However in all cases
a process leads to the minimum possible value of 1\}1%- T z_\,S/{“ s for the

system and this minimum value is known as frec enerzy of activation L\Ff"L '

~thus the absolute reaction rate theory equotion con be written ass

ey
k _KT. e AFF/RT

o~ X e

) - - 7
AEF was calculated using the relation 4AH¥ = B - LT for each

e -1
giving %1.2 keal mol 7

temperature and the mean of the four values tulx

-

APF was calculated from equation,

ATFF=47,20T - 4.576T.1oglo(}_:Tac/T) (Hall =ed Horris, 1960) for F)ach
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temnerature and the mean value obtained 29.A4 kcal mol~1.
ASFvwas calculated from the equation A P? _anf - TAS? for
each temperature and the average value ves determined 43.6 e.u.

The half-life at 111°C is 126 min.

Hence, AFF = 29.6 keal mol—l; LHF — 31.2 kecal mol-l; ns¥ = 3,6 eJu.
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(+)»1 ,1t=Tinenhthyl-4,A'=dianine

(1meilacker and Honv, 1959)

A A'-Naphthidine (2.8 g, 1 mole) wes dissolved in 50 ml of hot
acetone and this solution wag then poured into 400 ml of water.
N.ydrochloric acid (40 ml) wos added to the naphthidine solution foll-
owed immediately by a solution of ammonium (+)- & -bromocamphor-TJ-
sulphonate (6.5 g, 2 mole). On standing the precipitate was filtered off
and dried away from the light in a vacuun. It was crystallised from
605 cqueous ethenol. First crop gave pinky crystals, yield 2.5 g, m.p.

20
330-332°, of_. (Ovo .44°, [Lw 98.60 (¢ = 0.2232, 1= 2, 60% acetone)

Ei} %~75°, 60,5 acetone (Theilacker and Hopp, 1959).
D

20
Second crop: vield 2.0 g, m.p. 330-333°, 0<546+o 18° [0]546+115.e°

This probably contains (+)-acid.

Libarotion of the optically active naphthidine

The bromocamphor-JT ~sulphonate (5 g) was suspended in 60 ml of

»

ethznol and a few pieces of ice added. The solution was made alkaline

with ammonium hydroxide, when the amine was precipitated; filtered,

washed with water and dried in an evacuated desiceator. Yield 1.5 g,
P e |

MeDe 108mf_0') ‘-“]578 45.9° (¢=0.168, 1=0.5, acetone).

22
EKJD~% A2 & lo, acetone (Theilecker and HOﬂp, 1959)

Optically active 1,1%-binaphthyl

(Cooive and Hovels, 1963)

ha (- ) ~ naphthidine (0.5 g) wss dissolved in cold hydrochlorlc

.
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acid., Aqueous sodium nitrite (0.25 g) was added with the help of a
dropping pipette keeping the temperature below 0%, ‘he reaction mixture
vas poured into 20% gqueous hypophosphorous acid (10-15 ml) stirring
magnetically; a deep yellow precipitate appeared, vhich was filtered off,
washed with cold water, with cold dilute hydrochloric acid and finally
with water, and dried ove%Z;uction punp. The product was extracted with
cold benzene (35 ml), the solid residue was rejected and the decp red
solution was kept cold and washed with ice-cold aqueous sodium hydroxide
solution, water, hydrochloric acid and finally with water, The benzene
layer was shaken with calciun chloride and filtered, and diluted with
35 ml of ice-cold petroleum ether (b.p. 40-60°).

An alumina column was prepared with ice-cold alumina packeted in a
1" wide column surrounded with a water jacket through which ice-cold
water was circulated to maintain the temperature as low as possible
during the elution period. Tne benzene-petroleum mixture was run throush
this column and eluted with ice-cold 90% petroleum ether. (b.p. 40-600)
in 104 ether solution. The solvent was removed by bubbling a stream
of dried air, keeping the solution container in an ice bath. The colour-
less product, m.p. 157—158o was dried in an evacuated desiccator.
(Previous workers gave m.pe 157—1590 and Ex]§$94-245.3°, benzene-netro-
leun ether). | |
Measurement of optical rotation:

23.5 Ex]23.5

o]
< gt 0.057, 578

57 +268  (c=0.038, 1=0.5, benzene)



(c=0.344, 1= 0.5, dioxan)

N - 578 546 436
& +0.18° 4+ 0.21°  + 0.39°

[0(]29.5 +104° + 122° 42060
N ) X

(¢=0.0336, 1=1, 95 ethanol)

& + 0,075° +0.085°  40.140°
T o} o o

o + 22 + 250° + 4165

[_]> 3 5 4

(c=0.028, 1=0.5, tetrahydofuran)
(] 0 207°
589 :

405
+0.535°

+ 311o

+ 0.195°

+580°

121

+ 0.765°

+ 433°

+ 0,295°

+ 8777
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Resolution of 1,1'-hinsphthyl-8,8'~dicarboxylic acid

(Ireisenheimer and Beisswenger, 19%2)
(*)-1,1'-binaphthyl-8,8'~dicorboxylic acid (2 g) was added to a
methanolic solution of brucine (2.8 g, in 600 ml). The solution was
boiled until all the acid dissolved, filtered and evaporated down to
about 400 ml., On standing the solution deposited needles,.2.2 gy MaDe

20 ‘

-1.81°, E*]546 -4729 (c=0,1912, 1= 2, chloroform).
21.4
546

220~-235°, °<546

Ef]D-395o (1leisenheimer and Beisswenger, 1932) and EX] -481° (Cooke
end Harris, 1963).
The mother liquor was evaporsted dowm to dryness and the residue

was dissolved in ethyl acetate by boiling and filtered hot. The filtrate

was concentrated to 250 ml, on standinsg crystals obtained 2.4 g, mepe. 210~
21
‘ 546
0 o . :
Ef]54g'483 (Cooke and Harris, 1963).

005°, X 54672005 E*} +469°  (c= 0.2128, 1=2, chloroform).

Liberation of optieally active acids
i J

The (~)=brucine salt (2 z) was dissolved-in chloroform and the
active acid was extracted with cold aqueous sodium hydroxide. The alkal<=
ine solution was washed with chloroform, air was bubbled through to
remove the traces of chloroform, and filtered; The filtrate was
acidified with dilute hydrochloric acid to p;ecipitéte the active acid,
which was filtered; washed with water and driéd-in an evacuated desiccé@r,

. | 21 | |
MePoe 518—3190_@- O( 546"0-94Og [0(]546 "8390 (_C_l_:'- 0.056, _]_._2 2, chloroform) > .

20.5 . ' : \
[E?J 546 -740.7°, in N,N=dimethylformamide, m.p..519-322° (Mazengo, 19682}
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The (4)-zcid was obtained from the brucine salt dﬂ +469.9° in a
546

. -21 .
similar way, m.p. 318-319°d, oK, +0.68°, E%]5A6+-9oo° (¢ =0.0376,
X 20, 5 J i ]
1=2, chloroform), Eﬂ]546.y738,90 y W,N-dimethylformamide (Mazengo, 1968).

Preparation of optically active 8,8'-bismethoxycarbonyl-l,1l'-bin-phthyl

(Coolze and Harris, 1963)

(-)—8,8'mBismethoxycarbonyl—l,1'4binaphthy1 Ex]_8390
¥inely. ground (~)-1,1'-hinaphthyl-8,8'-dicarboxylic acid/(s z)

was added to a cold ethereal solution of diazomethane (1;3 g in 100 ml),

With a brisk effervescence the portions 6f the acid added were dissolved

and the ester separated. The ether was evaporated and the solid product

was shaken well with aqueous sodium carbonate, filtered and washed

with water and dried in an evacuated desiccator, m.p. 123—1250;

20 C oy M- clovmetgl fevmamice)
Bi]5ﬂ6 —217.5? (Cooke and Harris reported the same m.p.).

(ﬁ-)-8,8'—Bismethoxycarbonyl-l,l'—binaphthyl was prepared in a similar

way from the acid Eﬁ]q46+9oo°, m.p. 124-125°, solidified and remelted
o 20 ' of 8N, & = bt iu}q,-e&w\cumichz)
at 157 . E%]R461‘21C)7<(Cooke and Harris reported the same mep.).

Preperation of optically active 8,8'-bishydroxymethyl-1,1'-binaphthyl

(Badar, Cooke and Herris, 1965)

(4 )-8,8'-Bishydroxymethyl-1,1" ~binaphthyl

(-)-8,8'-Bismethoxycarbonyl-1l,1'~binaphthyl (5 g, 1 mole) suspen-

ded in anhydrous ether'(l L) was added to lithivm aluminium hydride

(1;5 s 3 mole) and heated under reflux for 90 min. The excess of
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lithiun aluminiunm hydride wns decomposed by treatment with a few drops
of water and then dilute sulphuric acid, the ether layer was seperated
ond washed with water, dried over anhydrous sodium sulvhate in the
reftigerator and the ether distilled off. Crystallisation from

v0.25°  [od] 26 + 96

benzene gave (- )=diol, m.p. 148°, of

546

(c-=0.52, 1:=0.5, 95% ethanol),
. o .
&EO{]546+45 . N,i-dimethylformamide (Badaxr, Cooke and Harris, 1965)}

(-)-8,8'-Bishydroxymethyl-1,1'=binaphthyl was obtained from (4 )-8,8f-

. . R - o
bismethoxycarbonyl~l,l'=binaphthyl in a similar way, m.p. 145-146",

22.5
X -0.24°, [d] 546 -95° " (c=0.504, 1=0.5, 95% ethanol).’

TN 546 '
{I?{]546 -32°  W,N-dimetnylformamide (Badar, Cooke and Harris, 19655}

Preparation of optically ective 8,8'-bisbromomethyl-1l,1'-binaphthyl

(Bader, Cooke and Harris, 1965)

The (+ )-diol (6 g) was powdered and added in portions to stirred
phosphorous tribromide (BO.g, 6 mole). After the addition was complete,
the stirring was continued for another 15 minutes and the reaction
mixture was poured into vigorously stirred ice~cold water, the yellow
golid separated, was filtered and  washed with aqueous solution of

sodium bicarbonate, then with water and dried in an evacuated desiccator.
20

_ 546
EEAJSJE 470° (nader, Cooke and Harris, 1965).

o u
Yield 7.5 &, meDe 180-182°. E*] + 348 (W,N-dinethylformamide)

The (=-)~8,8t=bisbromonethyl~1l,1'-binaphthyl wos prepared in a
o - 20 o
sinilar way, m.p. 179-1827, kx]546 . =33T. ‘ (,H~-dimethylformanide).

EZ]546 u466,6°(3adar, Cooke and Harris, 1965).
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Preparation of optically active 1,1'-binaphthyl-8,8t-bis(rethylene-

pyridinium) diiodide.,

(=)=1,1'-Pinoohthyl-8,8'~bis(methylcnenyridinium) diiodide

(-3-8,87"-Bisbromomethyl-l,1'-binaphthyl (1 g) [ 1546 -180° ¥
interacted with snhydrous pyridine at room temperature on stirring
them together for 30 min, The s61id wes separated, filtered ana washed.
wvith petroleun ether (b.p. 40—60 )e Tae bromide was dissolved in water
end hot aqueous potassium iodide added to.precipitate the iodide,
which was again dissolved in water and warmed with decolourising

charcoal, filtered. The fil¥rate was slowly concentrated. Crystallisa-

tion gave 0.5 g of (=)-1,1'~bincphthyl-8, 8‘-Bis(methylenepyridinium)

. (757€7M41c«4
diiodide, mep. 198-203°, o<546-o 020°, [-]5,, -27.7° (c5=0,144, 1= O‘?é
(Foundz C, 54.3; H, 3,75 Ny 3.95 I, 35.3. Cyfl, W,T,.21,0 vequires

C, 52.8; H, 4.2; N, 3.8; I, 34.8%).

(+)- 1,1'-Binaphthy1—8,8'—his(methylenepyridinium) diiodide was

prepared in a similer way from (4“)-8;8'-bisbromomethy1—1,1’~binaphthy1 |
. . 18
[S(N] 546"" 348.70, MePe 200-—2040. 0/\ 546+ 0.400, [O(] 5{'5 i 202-60 ( c= 0.396,

1= 0.5, 95% ethanol).

(Found: C, 52.9; H, 4.2; N, 3.8; I, 35.2. C I,.21,0 requires

3? 2f‘ 2
"C, 52.8; H, 4.2; N, 3.8; I, 34.8/).

# The specimen available of the (-)—bisbromomethyl compound was mich

less optically pure than of the (%*)-blsoromomethyl compornd.
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Resolution of @inaphtho(s,l—ab, l',G'—de)]—cyclonona~2,4—diene-8,8-

dicarboxylic acid (14)

Quinidine { 4.25 ¢, 1 mole) was dissolved in ethznol (200 ml)
and the acid (5.0 g, 1 mole) dissolved in ethenol (200 ml) zdded
slowly to the quinidine solution. On stending for a little time needles
sterted sepornting, after standing over-night the crystsls vere filtered,
washed with ethenol end first dried on suction pump and then in en

21

evncunted desicecator, yield 4.) g, Mep. 198—2000. 0(54
21

EK]546 -42° (e = 0.38, 1=0.5, N,N—dimethylformamide).

‘ -0,08°,

(Found: C, T6.3; H, 6.1; W, 4.03 0, 13.7. C45H42H206 (thé mono quinidine
salt) requires C, 76.5; H, 5.9; N, 4.0; 0, 13.6%).

Second crop: The filtrate was concentrated by solvent eveporation on a2
rotatory film evaporatorhand filtered, the filtrate on standing gave a
solid, filtered; washed with ethanol and dried, yield 1.5 g, m.p. 185=~
1920, B‘]§:61-44.10 s which on decomposition gave an acid ;f optical

rotation E‘} -51.3° (ethanol).

546
Third crop: The filtrote from the second crop was kept over-night and
gave a crystalline quinidine salt, vhich when filtered, washed with
ethanol end dried, yield 3,00 g, m.p. 198-201°, o5y 0.195°,

ll’(] ;116“ 187.5° (¢=0.208, 1=0.5, N,N~dinethylformamide),

(¥Found: C, T4.4; H, 6.0; N, 4.0; 0, 15.3. ‘he monohydrate of quinidine

salt 045H42N20é.H20 requires C,.74.6; H, 613 My 3.9; 0,°15.5%).
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Liberation of asctive acids

The (=)=-quinidine salt, EK]546°42'10 (1 g) was suspended in
-chloroform and the acid was extracted with dilute aqueous solution of
sodium hydroxide. The alkaline solution was washed with chloroform to
remove the traces of guinidine, and finally sir was bulbbled through
this solution to remove the traces of chloroform, and filtered., The fil-
frate was acidified with cold dilute hydrochloric acid to precipitate
the active acid, which was filtered, washed with water and dried in
an evacuated desiccator, yield 0.5 g, m.p. 195—1980, < 546-—0.540,

[%]546 -318,3° (c = 0.0848, 1= 2, 95% ethauolj.

(Found: C, 74.9; H, 5¢25 0y 19.9. H,0 requircs o,7§0, H, 5.0;

Costly g0y +H
0, 20.0%).

The (+ )-quinidine salth] +187.5° (1 g) wes decomposed in

546
similar way to give an acid which melted at 195—2000.

[15467'349 5 (C 0.412, 1=0,5, 95, euhanol)

C’( 546"01720,

o . -5
(FPound: C, T4.8; H, 5.2; 0, 19.9. C 1, o requires C, 75* H, 5.0

2511804

0, 20.07).

Summary: salt acid
-42.1° -318,3°
+44.1° ~51.3°

+187.5° +349.5°

Because of the small amounts, optically active compounds were not

further optically puvified.
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Preparation of optically active dinaphtho(8,l-ab, 1',8'-de) —-cyclo~

nona-2,4-diene~-8-carboxylic acid (15)

The (-)-dicarboxylic acid (5 g) Ei]SAG -235.3° in a hard glass
tube immersed in a metal bath was heated up to 220F225°, and stirred
with a thermometer. “Then it was all melted, it was cooléd and extracted
with dilute aqueous sodium hydroxide. The alkaline solution was boiled
with decolourising charcoal, filtered and acidified with dilute hydro-
chloric acid to precipitate the acid, the precipitated acid was filtered,
washed with water and dried. Crystallisation from ethanol gave 3.9 g,
m.p. 220-222°,"*x 546 -0.34°, [?"‘]226 -515° (¢ =0.132, 1=0.5, 957
ethanol). ‘
(Found: G, 85.1; H, 5.3; O, 9.5. C
0, 9.57).

The (4 )=dicarboxylic acid E><] 546+ 257.5° was decarboxylated in

24H1802 requires C, 85.2; H, 5.3;

a similar way and the monocarboxylic acid after crystallisation from

22
ethonol obtained had mep. 220-222°, o ., .+ 0.115°%, [KX]|. , ¥ 522%
546 ‘

546
(¢ =0.044, 1=0.5, 95 ethanol).

(Found: C, 85,05 H, 5.5; Oy 943+ C requires C, 85.2; Hj 5.3;

20481892
0, 9.4
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Preparation of optically active 8,8—dimethoxycarbonyl[dinaphtho(B,l-ab,

11,8'=de)]-cyclonana=2,4-diene (17)

Preparation of (-)-dimethyl ester

The (~-)-dicarboxylic acid (1 g),Eﬂ]546 ~235""  was added in
small portions to a cold ethereal soluticn of diazomethane. A1l portions
of the acid dissolved with a brisk effervescence. FThe ethereal layer
was washed with aqueous sodium carbonate solution and finally with
water and dried over anhydrous sodium sulphate and the ether distilled
off. The methyl ester was crystalllsea from methanol, 0.8 g, m.p. 165-
167°, °<546 -0.095°, L ]546 -263°  (c=0.072, 1= 0.5, 957 etnanol).

(Pounds C, 78.9; H, 5.4; 0, 15.7. C requires C, 79.0; H, 5.4;

v 1504
0, 15.6;).

Preparation of (+ ) —dimethyl ester

The (+ )-dimethyl ester was obtained in a similar way to the (-)-
dimetihyl ester, from (+ )-dicarvoxylic acid (1 g), EX]5464-257?1
Crystallisation from methanol gave 0.7 g, m.p. 164—1650.

045464-0.075°, E*]§i6&-234?. ..{c=0.064, 1= 0.5, 95/ ethanol).
(Found: C, 79.0; H, 5.3; 0, 15.7. 027H2204 requires C, 79.0; H, 5.4;

0, 15.6%).
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carbonyl
Preparation of 8~methox3[dinaphthoﬁ8,1-ab, 1‘,8‘-de)] —cyclonona~

2,4-diene (16)

Preparation of (~)-monomethyl ester

The (~)-monocarboxylic acid (1 g), E*]546-5150 was esterified by
the treatment with ethereal diazomethane in a similar way and crysta-
1lised from methanol, yield 0.9 g, m.p. 110-112°, 0(546-0.3350,
BX}216 -478  (c=0.14, 1= 0.5, 95% ethanol).
(Found: C, 85.13 H, 5.65 0, 9.0. 02532002 requires C, 85.2; H, 5.7; 0, 9.1%).

Preparation of (= )-monomethyl ester

The (+)-monomethyl ester was obtained in a similar way as above

from (+)-monocarboxylic acid (1 g), E‘]54é*522a, . Crystallisation
- 121
from methanol gave 0.8 g, mep. 111—1120, c<5464-0.080, Ex]546 + 444?'

(¢=0,0%36, 1= 0.5, 95% ethan~l).

(Found: C, 85.13 H, 5.5; 0, 9.1. C requires C, 85.2; H, 5.T3

2582002
0, 9.1%).
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Preparation of optieally active 8,8-bishydroxymethy1.@inaphtho(B,l—ab,

11,8'-de) ] ~cyclonona~2,4-diene (19)

Preparation of (=)=-diol

Powdered (=-)-dimethyl ester (0.5 g), E*] —26? was heated

546
uwnder reflux in 100 ml of anhydrous ether in dry conditions. 0.25 g

of lithium aluminium hydride suspended in 100 ml of anhydrous ether was
added slowly and heating continued for four hours; after cooling the
excess of lithium aluminium hydride was destroyed by adding a few

drops of water and 100 ml of dilute sulphuric acid, and heating for
another 30 minutes. The ethereal layer was separated, washed with water
and dried over anhydrous sodium sulphate and the ether distilled off.
The crude product was crystallised from chloroform, yield 0.25 g, m.p.
155-156°, 546 =031, E"f]:iés—wf (c=0.164, 1= 0.5, 95;} ethanol).

(Found: C, 84.65 H, 6.2¢ 025H2202 requires C, 84.7; H, 6.2%).

Preparation of (+ )-diol

The (+ )=-diol was prepared in a similar way from (-+.)-dimethyl
20

5467320

ester @]546-»235, | Mep. 155-157°, ol g0t 0.17°, [«]
(c=0.106, 1= 0.5, 95% ethanol),

(Found: C, 84.6; H, 6.4. C requires C, 84.7; H, 6.3%).

2512202
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Preparation of optically active 8-bishydroxymethyl [dinaphtho (8,1~ab,

1',8'-de)]-cyclonona—2,4~diene (18)

Preparation of (-)-alcohol

Powdered (=-)-monomethyl ester (0.5 g), [cf\] 546—4780'? " was reduced
in a similar was as used for dimethyl esters. Crystallisation from
chloroform gave, 0.2 g, mep. 80-84° (effervescence).
0<546 -0.51°, [‘"]226 -554" . (c= 0,184, 1= 0.5, 95% ethanol).

(Found: C, 87.8; H, 6.2¢ 0 requires C, 88.8; H, 6.2%).

Costloo

Preparation of (+)-alcohol

Powdered (+ )-monomethyl ester (0.5 g), [C{] 5464-44.40, ' was

reduced in s similar way and crystallised from chloroform, yield 0.3 g,
- 421.5

MeDe 81-840 (effervescence). 5464_ 0.130, [?‘] 546+ 5000(_c_= 0.052,

1= 0.5, 95¢ ethanol).

(Found: C, 88.65 H, 6,2, C 0 requires C, 88.8; H, 6,2%).

24520
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Preparation of optically active 8,8~diethoxycarbonylLdinap@jgggg,lTab?

1',8'—de)] —cyclonona-2,4~diene (Reaction of (4 )-8,8'~bisbromomethyl-

1,1'-binaphthyl with diethyl malonate)

(+)=-8,8'~Bisbromomethyl=1,1'=binaphthyl (1 g, 0.047 mole)
B*]546+348° was suspended in anhydrous ether (10 ml) in a well
dried three-necked flask, fitted with a dropping funnel, a stppper
and a water condensor and stirred magnetically. Sodiomalonic ester,
prepared in a dried and stoppered flask by dissolving 0.16g of freshly
cut sodium metal in 10 ml of gbsolute ethanol and adding this to the
diethylmalonate (0.5 g, 0.07 mole), was added dropwise to the stirred
ether suspension at room temperature. The reaction mixture was heated
under reflux for 15 minutes, cooled down to room temperature, when it
contained solid. Water was added to complete the precipitation of the
product which was filtered off washed with water end dried. The crude
product was dissolved in benzene by bailing , treated with decolouri-
sing charcoal and filtered. €rystallisation from the filtrate gave 0.3 g
., MePe 2630, which was found to be optically inactive (mixed m.p.
with racemic ester, 263-264°). The filtrate of this inactive eater
was evaporated to dryness and dissolved in ethanol treated with decolo-
urising charcoal, filtered and crystallisation from the filtrate gave

0 f the est 128-130°, K _ .. +0.34° [O‘] 21'51‘— 17°
05 g 0 € esteXy MePe - 3 . 546 V 034., 546 5 7
(¢=0.214, 1=0.5, 95% ethanol) '

(Pound: C, 79.2; Hy 5.9+ CpgHy0, requires C, 9.4, X, 6.0%) .

-



134

(+ )-Diethyl ester EX]546+3170 wzs hydrolysed to dicarboxylic
acid using potassium hydroxide in a similar way as was used for racenmic
eater hydrolysis. After normal working up the acid obtained had m.p.
l98—200°(effervescence) and remelted at 219-2200, Mepes and mixed me.p.
with acid prepared by resolution were found the same,

19.5

“5464'0.570, @‘]546 ‘+ 356 (_gf.o.os, 1=2, 95% ethanol).
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Preparation of optically active[@inaphtho(S',l’nab, 1",8”~dei}~cyclo-

nona—2,4-diene~8~azepiniumml-spiro[5,8]tetradecane-l"'—piperidinium :

bronide (20)

(i) 8,8'-Bisbromonethyl-1l,l'~binaphthyl (1 g, 1 mole), !-?4]546—-1800’:6 was
digsolved in 10 ml of dxy benzene and a solution of piperidine (0.5 ml,
2 mole) in 10 ml of dry benzene added dropwise at room temperature,
gtirring magnetically, Later the temperature wzs raised up to 500, a
solid product appeared, was filtered, washed with petroleum ether (b.p.
40—600) and dried by suction; it was dissolved in water, boiled with

decolourising charcoal, filtered., Crystallisation gave €.8z of bromide,
20

546 =156 (c=0.192, 1= 0.5,

mep. 250-255°0. X 5,6=0.15°, [<]
95% ethanol).
(Founds C, 72.95 H, 5.8; N, 3.2; Br, 17.9. C, Ml clBr xequires C, 73.0;

H, 5.9; N, 3.1; Br, 17.9).

(ii) 8,8'-Bisbromomethyl~l,1l'~binaphthyl (1 g, 1 mole), [X] 54 6*' 348
was treated with piperidine in a similar way. Crystallisation from

water gave 0.75 g of the cyclic piperidinium bromide, m.p. 251—2550.
21 ) ’

°<546+ 0.52°, [9‘]54‘6-5- 487 (e=0.216, 1=0.5, 95> ethanol)

(Found: C, 69.4; ¥, 6.1; ¥, 3.0; Br, 18.1, C 4, FEr 0,0 requires

27
C, 70.13 H, 6,13 N, 3.0; Br, 17.3%).
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Preparation of optically active 8,8-diethy1[dinaphtho(B,l—ab, 1',8'—deﬂ-

cyclonona-2,4-diene-8-azepinium iodide (21)

e

(i) (-)-8,8'-Bisbromomethyl-1,1'~binaphthyl (1 g), [f"'] -180°  was

546
digsolved in anhydrous benzene and freshly distilled diethylamine
(0.25g, 2.2 mole) was added at room temperature. After the addition
of dietnylaminézggmpleted the reaction mixture was warmed to 600; a
s0lid separated and petroleum ether (b.p. 40-60°) wes added in order
to complete the precipitation. The bromide was filtered, washed with
petroleum ether and traces of solvent removed by suction, It was
digsolved in water and boiled with decolourising charcoal, filtered
and the filtrate concentrated, but salt did not crystallise. When a
hot aqueous solution of potassium iodide was added, a precipitate

separated which was redissolved by heating, treated with decolourising

charcoal and filtered. Crystallisation from the filtrate geve, 0.9 g
21

546 -287 (e=0.08,

of the iodide, m.p. 150-155°, 546 -0.115°, [d]
1=0.5, 955 ethanal) .

(Found: C, 61.3%; H, 5.5; N, 2.8; I, 26.4. Calculated f;')r CogHo NI H0
C, 62.8; H, 5.63 K, 2.8; I, 25.5%).

(ii) The (&) iodide was prepared in a similar way from ( +)-bisbromo-
methyl compound EX]546+3§§S " and crystallised from water, m.p. 152=
155°, °<546+_°°40' E"]‘546+363° " ( g=0.22, 1=0.5, 95% ethanol)
(Found: C, 63.6; H, 565 Ny 2,95 I, 25.4. C, H, NI.H,0 requires

C, 62.8; H, 5.65 N, 2.8; I, 25.5%). o
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Preparation of 8,8—dia11y1[ﬁinaphtho(e,l-ab, 1',8'—de5]—cyclonona—2,4—

diene-8-azepinium iodide (22)

(i) Reaction of (~)-8,8'~bisbromomethyl-1,l'~binaphthyl with diailyl-
amine: (-)-8,8!'~Bisbromomethyl~1l,1'~binaphthyl, EK]546-1800*;as treated
with.diallylamine in a similar way as with diethylemiue, aud tne
bromide formed was convertjed into the lodide. Crystallisation from
water gave iodidé, mep. 170-173°%, o 546_0’290’ EX];Z;4 -140°
(e¢=0.412, 1- 0.5, 95% ethanol),

(Found: C, 66.4; Hy 5423 Ny 2.73 1, 24.4. C NI requires C, 66.8;

ogtlo
Hy 5.25 N, 2.8; I, 25,3%)

(ii) Reaction of (+ )-8,8'=bigbromomethyl-1,1'~binaphthyl with
diallylamines (i—)-8,8‘~bisbromomethyl-1,1'—binaphthyf[, Ei] 546*3480 .
was treated with anhydrous bonzene solution of diallylamine in a
similar way and the bromide formed was converted to iodide by the
treatment with a ho£ aquedus solution of potassium iodide, Crystalli-
sation from water gave iodide, m.p. 169-1710,9(546*0.6950, Ei]54g'279°
fc= 0,064, 1=0.5, 95% ethanol) _ |

(Found: C, 64473 Hy 5.25 N, 2.7; I, 24.6. 028H26nl requires C, 66.8;

H, 5.2; N, 2.8; I, 25.3%)
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3,3 Discussion: Optical Activily and Optical Stability in 8,8'-

Disubstituted 1,1'-Binaphthyls

a. Optical activity in unbridged 8,8'=disubstituted 1,1'=binaphthyls

. After the problem of the origin of optical activity in biphenyls
was solved (Turner and LeFevre, 19263 Bell and Kenyon, 1926 and
Mills, 1926) , Kuhn and Albrecht (1928) applied the principles to
1,1'-binaphthyls. They are "atropisomers", and under normal conditions
the achievement of planarity becomes improbable and thus/gzziess
optical activity. he phenomenon of optical activity in the 1,1'-
binaphthyl series was first realised in 1928 by Kuhn and Albrecht.
"These authors demonstrated the resolution of 1,1'-=binaphthyl-2,2'-
dicarboxylic acid. About 40 years ago, Stanley (1931) and Corbellini
(1931) and a year latyer Meisenheimer and Beisswenger (1932) prepared
optically active 1,1'-binaphthyl-8,8'-dicarboxylic acid and remarked
on its low optical stability. In 1949, Bell ana Waring and in 1954,
Crawford and Smythj Bell and Movgang Hall, Ridgwell and Turner investi-
gated the strange fact that 1,1'-binaphthyl-5,5'-dicarboxylic acid
which has no carboxylic group in the interferipgvpositions is more
optically stable then that of 8,8'-dicarboxylic acid. Another similar
example where the amino groups are not substitu?ed in the interfering
positions of 1,1‘—binaph%hy1 is 4,4‘-naphthidine, obtained optically
active by Theilaciter and liopp (1959). By its deamination Harris and

Lielloxr (1961) 9 Cocice and harris (1963) were able to obtain optically
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active 1,1l'=binaphthyl (half-life 13 min. at 50O in ¥,H-dimethyllor-
mamide). Recently Pincock and Vilson (1971) reported the spontancous
crystellisation of optically sctive 1,1°'=binaphthyl from its racemic
melt, Yhe degree of optical stability of these chiral binaphthyls
depends mainly upon the effective size of the blocking harriers but
the 8,8'~dicarboxylic acid and its esters are exceptional.
1,1'~Binaphthyls with identical substituents in the 2,2'~, 4,4'-
595'=y 6,64~, T,7'= and 8,8'~positions have twofold axes of symmetry
and belong to point group (C,); i.e. they are dissymnetric nonasymnetric
The es 2 the
molecules./02 axis passlthrough the centre of/l,l'—bond and bigects the
dihedral angle between like substituents.
IMonosubstituted 1,1'-binaphthyls are examples of point group (Cl)‘

These molecules lack all symmetry elements and are therefore asymmetric.

b. Optical activity in bridged 1,1'-binaphthyls

A large number of optically active compounds in the biphenyl.
series and some in 1l,1'=binaphthyl series with a bridge running from
one ring to the other have been reported during the last 20 years from
the Schools of Professor B.E.Turner gnd Dr. DM Hall in England and
Professor K.Mislow in united States. The overlapping of the substituents
is not the only érincipal cause of restricted rotation, the angular
strain in the transition state of racemisation‘ié also responsible,

Up to now the 2,2'=bridged 1,1'-binaphthyls are knowm optically active

.

which have been made by a link between the naphthalene rings by means of
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2 chain in such a manner as to form a ring larger than five-membered,
4 sixemembered 2,2'-bridged 1,1'-binaphthyl (44) obtained in optically
active form was reported by liall and Turner (1955) with E_, 30.8 keal

“1 sl s - . .
mol ~. This is & dissymmetric nonasymmetric molecule (02).

@@

| (44)

Vhen the 2,2'-positions are joined with a saturated chain with

three atoms, the compounds are more optically stable than those with
six~menbered rings. When the.2,2'—posi?ions‘gre bridged by three atoms
and they have two identical functionsl groups at the central atom of
the Vbridge they are dissymmetric nonasymmetric molecules (CZ), but
vihen the two groups at the bridge are not iéentical (other things

remaining the same), the molecules lack all elements of symmetry and

are therefore asymmetric (Cl)

{0, owis posson through the centre of 1,1'-bond of 1,1'-binaphthyl and

the centied sicn of the bridge).
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ce Optical stability in uwnbridged 1,1'-binaphthyls

The present work is mainly concerned with the optical stability
of 1,1'-binaphthyls with two identical substituents in the 8,8'-
positions (Cz). In these compounds the rotation about the 1,1'-bond
of binaphthyl is prevented by the interference of the blocking substi-
tuents in the 2 and 8!, and 2' and 8 positions. An ex£ensive work on
the stereochenistry of 8- and 8,8'-disubstituted 1,1'—binapﬁthyls has
been done during last 19 years in the school of Dr. M.M.Harris (Harris
and llellor, 1959; 1961; Herris and Ling, 1962; Cooke aﬁd Harris, 1963;
Badar, Cooke and Harris, 1965; Badar and Harris, 1964; Harris, lMazengo
and Cooke, 1967; Dixon, Harris and Mazengo, 19713 Browne, Harris, Hazengo
and Singh, 1971). Earlier, Stanley (19%1) suggestedzzﬁéhreason for
the low optical stability of the 8,8'-dicarboxylic acid may be due—do
the—faet that the carboxylic groups in this acid are in the peri-
positions. Distortions are lesg likely in the 2,2'-positions and thus
the 2,2'~diacid shows optical stability. Cooke and Harris (1963) cal-
culated that the entropy factor of transition-state theory functions
is not sufficient to explain the lower optical stability in these
compounds although it accounts for much of the optical instability of
the 8,8'-diacid ;n aqueous alkali, Following the observations of Hernik,
Herbstein, Schmidt and Hershfield (1954) that the overcrowding in a
molecule arises when the distance between-twp non-bonded carbon atbms
lie ‘below BX ; Cooke and ﬁarris (1963) suggested that in 'the 8,8'=

diacid, the bond distance between the two peri- substituted carbon
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Table II

No. Compound E log, oA ARF N4 | AS# Ref,

i I | : Hm.omu.\aoH i ) MQWH\BOH,I Womu.\.w_,m.._. m.ﬁ- i
8.8

1. H,H 22.5 12.1 23,5 21.9 ~5.2 |27
2. ' H,CO0H 22.4 12.0 2%.5 21.8 -5.5 |47
3. CO0H,CO0H 22.1 11.3 ol 21.5 -9.1 |27
lie COOMe ,COOMe 22,0 11.6 23.8 21.4 7.5 27
5e COOH,CCONe 21.6 11.4 2.7 20,9(5) -8 {27

G CE, 01, CH,,OH 29,2 2,6 29.8 28, TR A

7. CI1,,0H, COO¥e 25.8 12.0 27.2 25.1 -6.2 |7

8. CH,CE, 27.6 11.0 300t 26.8 -9 |7

9. coo”,c00” 26,0 15.2 22.5 25,k +9.2 11y
10. CO00™,C00Et 25,7 1.0 oL.0 | 25.1 +3.2 |77
11, 1,C00Me 23,6 12.5 - 2l 1 22.9 ~3.5 |28
12, H3CH, O 25,0 12,1 26.7 25,3 -3.8 |af

2, H,CH, 25.3 11.7 27.2 2.6 ~7e3 |23
e COOH, CH, 25,3 11.6 27.4 2.5 7.7 | 587
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Table IT (contd.) .
No. Compound B log; oA 4xr¥ AHF as¥ w_mw.
kcal/mol | kecal/mol - ke wH\. am.H Celle )

5,5' :

15. COCH,COOH 2liel 12.3 | 25.4 23.5 5.9 | % 27

16. co0™,c00” 21,9 12.9 2118 2L.3 -1.5 _?wwm

17. COONe , COOH s 2%.8 12,2 2.8 23,2 5.1 | X7

18. (compound L4 in 39.8 13.4 29.9 30,0 +0.3 |44
text) | .
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Tables ITI

No. Compound Reference

1. 2,2' CO0H,CO0H Kuhn and »pdwmawﬁ (1928)
Hall and Turner (1955)

2. 2,2" NH, , NH, Kuhn and Goldfinger (1929)

3 2,2' CH,O0H,CH,0H Hall and Turner (1955)

L. 2,2 mowmwwowm Armarego and Turner (1957)

5e 2,2' OH,0H:; 3,3' COOH,CO0H Stanley and Adams (1529)

6o 2,2' OH,0H; 7,7' moum“moum Ioffe and Grachev (1935)

7 2,2% OH,0H; 5,6' moum.momm p “ “ o

3. 2,2' T0,,Y0,; 5,5 80,H,50,H Murahashi (1932) ‘
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atoms is very small (2.4 E ) and there are two serious compressions.,
The way to find relief from these compressions without decomposition
is the out=of-plane distortions of the 8,8'-carboxylic groups, which
allows them to pass through the planar transition-state. In 1965,
: _wme‘ on

Badar, Cooke and Harris reported [seme 8,8'-disubstituted 1,1'-binaph-
thyls which have comparatively larger effective volumes of the substi-
tuents than those previously reported, and found a considerable increase
in their optical stability, but did not reach the degree of stability
observed for 2,2'-disnbstituted 1,1'-binaphthyls.

On the basis of optical stability 1,1'-binaphthyls studied previous
to the present work can be divided into two catagories:

1: Those which racemise (Table II)

2. Those which do not racemise’ (Table III) .

In the present work two 8,8'-disubstituted 1,1'-binaphinyls,
1,1'-binaphthyl-8,8'~diacetic acid (10) and 1,1'-binaphthyl-8,8'-
bis(methylenepyridinium) diiodide (12) were obtained in optically
active form, the former by resolution while the latter was synthesised
from its optically active precursor, 8,8'-bisbromomethyl-l,1'-~binaph-
thyl (8). As the pyridinium compound (12) decomposed in hot solvents
the racemisation-could not be studied. In the diacetic acid (10) the
pagsing barriers are methylene groups and'it’wés assumed that it
would possess the degree of optical stabilify of the order similar

to 8,8'-~dinethyl and 8,8'~bishydroxymethyl-1l,1'~binaphthyl (Badar,
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Cooke and Harris, 1965)., The activation energy of racemisation and the

Transition State Theory functions are given below in Table IV,

Table IV
. | T
Compound B log. A AT F IN:1d ! o8t Solvent
rac 10 i
. |
8,8'~ (kecal/mol) | (kcal/mol)  i(kcal/mol) !(e.u.)
CIL - "
3 27.6 ) 11.0 9004 2658 "9 .4 EDiNID)
CH
3
CH,CH 29,2 12.6 29.8 28.4 3.4 | DuF
CHZQH
CHZCOGH : f .
31.9 14.0 : 29,6 31.2 +3,58: 0.1N
CH2000H ' : i NaOH

The correlation of optical stabilities suz~ests that the steric situ-

ations in these compounds are probably very sinilar.’
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de Optical stability in bridged 1,li-binaphthyls

The optical stability of 9,10-dihydro-3,4,5,6-dibenzophenantnrene
(44) cannot fairly be compared with that of 1,1'~binaphthyl, because
the jzggg—passin?froute is not available.

The enlargement of the bridging ring from six atoms to seven atoms
has shovm a greater optical stability in this series of compounds.
Hall and Turner (1955) reported some seven-membered ring compounds in the

2,2'-bridged 1,1'-binzphthyl series: ()52, T-dibydzo=(2",1',3,4)

(1r,2",5,6)-azepinium~1~gpiro~1"'=piperidinium bromide (45), a seven-
membered ring compound obtained from (-)546—2,2'-bisbromomethy1-l,l'-
binaphthyl, has half life of 26 hours at 1720 in ethylene glycol. The
low optical stability is in fact a dramatic change in the 2,2'-disubs-
tituted 1,1'-binephthyl series as the corresponding unbridged binaph-

thyls are completely optically stable. The reason for the low stabil-

(45)
ities in these ring compounds, suggested by Hall and Turner (1955), is
that the passage th?ough the planar transition state of the 2,2'-
bridged 1,1'~binaphthyls is mainly due to the considerzble reduction

in the éeexeesof inter-planar angle in their ground state compared
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with the unbridged ones, thus thc molecule requires less energy to
pass throush the transition state.

No seven or eight-~membered ring compounds in the 8,8'~bridged
1,}‘—binaphthyl series has yet been reported te=feorm, In the present
work the 8,8'-bridged carboeyelic and heterocyclic (nine-membered ring)
compounds were obtained in optically active state, they are optically
stable and failed to racemise. ior example, after they had been
heated up to melting and kept at that temperature for half hour, then
cooled dovm slowly to solidify, they were recovered unchanged chemically
and with the same rotation. The N-heterocyclic (quaternary ammonium
salts) compounds also did not show any sign of racemisation, they
decompased on melting.

A theoretical treatment for the optical stability and thelenergy
~equired to hring the cyclononadiene system into the trensition state
-to invert the configuratiog seems a very complicated task, which could
not be very likely to give an accurate answer. Laging at the photo-
graph of tite model, the distortion is really spread . over the whole
molecule, 211 the bonds, even the main 1,1'-bond of 1,1'-binaphthyl,
and the wvaphithalene riangs are distorted and it will be difficult to
work out the real amount of energy for this molecule which could bring
it into the planar transition state. A crudest calculation on the lines
v followad by Mislow, Hyden and Schaefer (1962) gives a value of appro-
ximately 75-80 kenl mol "t (from czlculation 208 kcal moi_l), an

imnogsilly high fisurc.



In the ground state of these nine-membered ring compounds, only
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one conformation wse observed
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the noiety of (e aromatic system, and they fecl severe overcrowding.

The interplanzr angle between the two naphthalene rings is approxi-
(822 page 144)

mately orthogonal. A huge amount of energy[would be required to bring

the molecule into a cis-plauar conformation, which would break the

bonds before it happens to occurf, ts none of the passing transition

mechnnisms looks favourable, the complete optical stability of the

nonacyclodiene system in the present work seems perfactly reasonable,
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4., ULTRA-VIOLET ABSORPTION SPICTRA OF 1,1°-DIWAPHTIOYLS

4.1 Introduction

Ultra-violet abszorption spectra are frequently uvsed in stereo-
chemistry to study the steric effects in biaryls. The bond joining itwo
aryl wmits, called the 'interannular bond', has partial double bond
character, and may show a typical absorption spectrum of the vhole
molecule. When two or more chromophores hseve maximum conjugation, the
T —electrons acrecss the intercnnular bond will have a maximum overlép,
which results in resonance between the two chromophores; thus the ab-

sorption band shows a hathochromic shift with ah increaged intensity of
absorption.

The angle between the gﬁ-»planes of two chromophores is called the
'dihedral angle', and a gradual inerease in fhe degree of dihedral
angle up to 90O reduces gradually thei7-eclectron overlapping across
the interaunular boand, and reduces the émount of resonance between

the
the two chromophoric groups. Then/dihedral aﬁgle is sufficiently large,
the J ~electron overlap across the intersmnular bond is greatly reduced
and the resulting electronic absorption apvrears as the sum of two compo-
nent parts of the molecule. Yhis is the case with highly hindered
molecules,

An extensive study has been made in the bipnenyl series on the
relation between Qonfggmation end conjugntidn. Benzene mainly absorbs
u.v.‘light in two regions; one arvound 198 mm, an intense band (B max,
8000), and anotuner between 230~270 mm. Tas absorption spectrum of

‘biphenyl is quite different from et of benucne, the maxirmm
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absorption band?ihifted bathochromically to 255 nm (E max , 18000) and
the fine structurZ?zisappeared; these effects are due to the presence
of resonance hetween the two benzene rings through the interannular
bond, the absorption band of biphenyl at 255 nm is known as the ‘con-
jugation bend'.

Robertson (1961), Trotter (1961), Hargreaves and Rizvi (1962)

Dhar (1932L/using X-ray crystallography sugzgested a coplanar
structure for biphenyl in crystalline state, and later Braude (1945) anong
/gigggzted a dihedral angle nearer té 45° in solution.

In compounds where the suitable positions of biphenyl are substi-
tuted with -bulky substituents giving steric hindrance to planarity,
and the two benzene rings are kept apart from the resonance across the
interannular bond, the conjugation band disappears; for exemple, the
eiectronic absorptions of 2,2',4,4',6,6'-hexamethylbiphenyl appears
as the sum of the absorption by two 1,3,5-trimethylbenzene units
(0tshaughnessy and Rodebush, 1940), the conjugation band of biphenyl
does not appear « biphenyls in solution havef?ﬁfinite number of con-

farmations)and wvhich one has been involved in the electronic transitions
exhibited in the absorption spectrum it is difficult to know. To over-—
come this wncertainlty in the ground state, the 2,2'-positions of
biphenyl have been joined with a saturated brigge of one or more atoms;
in these cases the planes of two benzene rings can have a certain fixed
dihedral angle (in qon-flexible moleﬁules) producing a strainless

multiplanar ring, provided that normal bond lengths anc angles obtain

in the ground state.
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Deaven, llall, Lesslie and Turmex (1952) reported tae u.v. absorp-
. e

tion spectrum of 9,10-dihydrophenanthrene (46) vhichhis a e=Xlinear
b "'“"’“ééf Slamilioce -

1 e and shows a high intensity typical biphenyl bend at 264 nm
(& mex, 17000) and broad lovw intensity bond at 295.5 nm (€ nax, 4450).
The appearance of these aglsorption hands separate from the urnconjugated
phenyl chromorhores macde it reasonable to think about a lesser dihedral

angle in this compound then biphenyl itself.

© ©
P &

(46) 471)

Hell and Minhaj (1957) with the use of normal covalent radii and

bond angles calculated the dihedral angle for (46) as 150. A group

with Professor E.E.Turner ot Bedford College and others reported .V,
absorption spectra of several seven-menbered ring compouﬁds obtained

by joining the 2,2'-positions of biphenyl. The UV absorption spectrum
of (4() was reported by Cope and Snith (19%6) for which Beaven and Hall
(1956) calculated dihedral angle 490 irom scale models, Cn increasing
the size of the bridging ring by four atoms (4€), Cope and Smith (1956)
observed its w.v. absorption spectrum and found & hypsochromic shift of
the biphenyl conjugntion bhand at 2%5 nm (ﬁfméx, $680) and long-wave

inilections at 265 nm and 25 nn. Trhe zppnearencs cof long-wave absorption

4

as inflections and the hypsochromic ghilt of ithe absorption mexinum



154

with reduced intensity sugrest a comparctively larse departure from the
Jr-electron overlap across the interennuler bond, Deaven end Hall (1956)
measured a dihedrol angle 59O(and 75% for this compound. from a scale model.
In 1962, Iislow, Hyden end Schaefer weported the u.ve absorption
spectrum of (1) a flexible multiplancr ring compound ;. the biphenyl
conjugation band =2ppears as an inrlecbion ab 241 nmn ( £max 5550) with
long-wave btands appearing el 265 mn (€mex 800) end 273 nm (€ max 600)

suggesting a larger deperbure from resonzace betwecn the two benzene
O 15 w i

the
rings through/intersanmuler bond. Suswi (1267) by using LCAO-II0 method
the

. R . oo S o]
calculated/dihedral angle for this reid (1) to be 68,

Trom this series of bridged biphonyl compounds in their ground

state it is conc.uded that as the bwidos is enlarged, the dihedral

angle increases, the degree of conjurmiicn across the interannular bond

decreases, and the molecule possess.ii o more and more strainless multi-
lanar configuration. 1,1'=Binephtlicl iz o next higher analogue of
’ & o w 3]

biphenyl, formed by the linear emnciniiocn of benzene rings eund therefore

similar generalisations could be ap:’ to bridged 1,l'=binaphthyls.



4.2 Uitro~violet Absorption 3pectra, Results and Discussion

1: Instrument Unicam Spectrophotometer {SP 500)

2: Source of radietion 340 nm to'320 nm Tungsten lamp, below 320 nm
hydrogen lamp

3: Cell 2 mm silica cell

4s Solvent 95¢" ethenol

Ultra—-violet absorption characteristics are given in the following

table and spectra are in figure 5- g,
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Ultre~violet absorption svectra characteristics: ( A mvn)

Compound and

concenttration

Short-vave band

Niin £min

Long-wave band

\9)
0.2~0,02

(10)

0.12-0,012

(11)
0012-09012

(12)
0.1440,0144

(14)
0,176-0.0176

0.176-0,0176

274 11200

255.5 4850

256 4680

Amex  €mex
(280) 7890
302 12370
269 7%00
279 10000
290 12700
301 1200
324 2430
267 7300
277 9900
290 13100
301 12100
324 2200
285 12560
293 13400
272 8880
285 14100
293 17400
302 14100
319 1900
273 8900
283 13800
293 17800
304 14000

319 2000
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Compound and

Short—wrave band

Long-vwrave band

concentration Mmex ¢ max Ymin ©min | Amex Cmox
(16) 223.5 85500 255 5100 272 9350
0,12-0,012 282 13900
293 18300

303 14800

319 2100

(7 223 75900 255 4750 272 8770
0.108-0.00864 282,5  1%200
292.5 16670

502.5 13100

319 1800

(18) 225 88700 255 4290 273 9550
. 0,28-0,00168 284 15000
’ 293 18900

303 15500

319 2300

(19) 225 87500 257 5100 | ‘274 8990
0.52-0,0054 284 13240
294 16600

305 12900

. 320 1970

(20) 223 85500 255 4200 286 15000
| 297 17600

303 14500

321 2200
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Compound and

Short=wave band

Long-wave bznd

concentration hox Emex Anin € min Amax € max
(21) 222 89960 255.5 4180 273 8600
0,26-0,026 | 287 13670
296,5 15900
301 13700
319 2750
(22) 223 93200 254.5 4200 285 14260
0.41-0,0164 297 17000
305 13000

320 2800
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Discussion of the ultra-violet absorption spectra of 1,Ll'=binaphthyls

ae Unbridged 8,8'~=disubstituted 1,1'=binaphthyls

(i) Open cazin carbon compounds:

Naphth~lene posczesses dihedrrl symmetry and in equilibrium the nuclear
configuration of nephthalene in ground electronic étate belongs to point
group (D2h), and shows é u.,v, absorption spectrum with a low intensity
band at 312 nm ( Snwxnuloo—lﬁcﬁ) with fine structure; the second absor—
ption is of intermediste intensity around 275 nm (ia«zlqpoo) with well
resolved structure. The third absorption band is en intense band at
220 nm (& “JlOS). When the two aaphthalene wnits are joined together to
meke 1,1'-binephthyl, an inherently dissymmetrié chromophore, the parent
hydrocarbon in the series of substituted 1,1'-binnphthyls, its u.v.
absorption spectrum resembles to a certain extent that of naphthalene.
Friedel, Orchin and Regsel (1948) reported the w.v. absorption spectrum
of 1,1'=binaphthyl (95% ethanol) and said that it does not show a
separate conjugatibn bznd as does biphenyl, The fine structure features
in the 1,1'=binaphthyl spectrum are of intermediate order, this suggests
that this molecule no longer planar 3 partly on this basis Harris and
lellor (1961) became confident in its optical activity and were able
to obtain it in optically active form.

Brovm and Lionteath Robertson (1961)‘by X~-ray crystallographic
studies madezgreliminary observation of the angle between the two

naphthalene planes as 730 for crystalline state. Later,‘Kerr and
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T"onteath Robertson (19¢2) also by X—rey crystallography found that its
cis-confornation exists with a dihedral angle 680.

According to molecular orbitzal theory, vhatever is the degree of
dihedral angsle there would be at least some ji=electron overlapning
across the interannulor bonde. If there is some ji-electrons interaction
then it must have a2 conjugsation bend in its absorption spectrum resul-
ting from the resonance between the two naphthalene units, but this
might be overshadowed by the shori-~wave strong absorption band at
220 nm (Drowme, Harris, Mezengo and Singh, 1971). The vibrational fine
structure and the oppearance of long-wave typical naphthalene band at
313 nm (3160, shoulder) correspond to the nonplenar structure of 1,1'-
binaphthyl. LeFevre, Sundaramand Sundaram (1963) from molar Kerr constant
deverminztions calculated the dihedral angle in solution for 1,1'-
binaphthyl of 480, it would be probable that there is still some degree
of resonance between the naphthyl units through the interamnular bond
end week 7i ~electron interaction resulting in weaker intense absorp.
~tion bend vhich is certainly overlapped by a strong absorption band
at 220 nm.

The substitution of groups in the 8,8'-positions of 1,1'~binephthyl
introduces some molecular overcrowding which is relieved by introdu-
cing distortions-(Harris and ¥ellor, 1961} Cooke and Harris, 1963)
meking possible passing of>these substituents in the planar transition
state of recemisation; the same substituents in the 2,2'-positions do

.
. . . 5 : s . i
not need these distortions as they are less crowded and thus are OpthQdy

oy
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stobles These distortions chrnge the geometry of the molecule and could
exploin vhy the u.v. absorption spectra of the 8,8'~disubstituted 1,1'-
pincphthyls differ substontially from those of 2,2'-substituted compou-=
nds. !fzengo (1968), Herris end Mazengo (1967) reported the u.ve of

gome B8,8'-disubstituted, 8-substituted and 2,2'~disubstituted 1,1°'-
binephthyls and concluded that in 2,2'-disubstituted 1,1'-binaphthyls
the degree of twist around the interamnular bond in the ground state
nay be larger than in 8,8'- and B-substituted 1,1l'-binaphthyls. The
absorption minimum in 2,2'-disubstituted compounds shows a hypsochromic
shift and decreased intensity together with developed fine structufe and

appearance of the long—wave typical naphthalene bend compared with the

8,8' compounds, for exemple, (Mazengo, 1968)

Compound A min Cmin

242 '=dinethyl-L,1'=binaphthyl 248 nm 4400
8,8'=dimethyld, 1 '~binaphthyl 256 om 5600
2,2'-bishydroxymethyl=l,1'=~binaphthyl 250 nm 5100
8,8'~bishydroxymethyl-1,1'~binaphthyl 258 nm 5800

1,1'-Binephthyl-8,8'—dicarboxylic acid and its methyl ester show
an absorption band at shori-wave length 219.5 nm ( Emax 60000) and
2%9.5 nm (shoulder, 44000) and for the methyl ester 219,5 nm ( Emax 65000)
and 238 nm (47000). This.splitting of the short-wave band does not
appear in the spectrum of the 2,2'-dicarboxylic acid. The splitting
of the short-wave'bénd in 8,8'-diacid and its . methyl ester was sugsested
(ilazengo, 1968) to be dve to the conjugation betwreen carboxylic acid

group and the corresponding naphfhyl residues and not between the two



nephthalenes.,

The replacement of these carboxylic groups in the 8,8'-positions
of 1,1'-binaphthyl by bulkier groups (nethyl, bishydroxymethyl and
bisbromomethyl) show developed fine structure and the absence of a

ASPIit bend a2t 2%9.5 nn of the 8,8'-dicarboxylic ccid; the spectra

fwc(_i!'

rescnble more closely the spectrum of 1,1'-binaphthyl itself. The study(ﬂnsA

of the effect of carboxylic acid and ester groups isolated by methylene
groups from the nophthyl units in the 8,8'-positions; the spectra

of 1,1'=binzphtiyl-8,8'=dizcetic acid (10) and its ethyl ester (11)

“and 8,8'-biscyanomethyl-l,1'~binaphtiyl (9) were observed in 957% ethanol.

The spectra of (16) and (11) resemble those of 1,1'~binaphthyl
itself and 8,8'=disubstituted (methyl and bishydroxymethyl) compéunds,
which sugcests that the carboxylic groups do not effect the absorption
pattern in these compounds (10 and 11) as they are isolated from the
aronatic nuclei., The positions of thg absorption minimae in (10) and
(11) at 257 nn ( Emax 5500) and (5550) respectively are very close %o
those of the 8,8'-dimethyl-1,1'-binaphthyl and 8,8'-bishydroxymethyl-
1,1'~binaphthyls these findings sﬁg:est that dihedral angle in (10)
and (11) corresponds to thet of 8,8'-disubstituted methyl and bishydr-
oxymethyl compounds, and. the steric situations in these compounds are
provahly the sane,

The absorption_spectrum of 8,8'—biscyanbméthyl-l,1'—binaphthyl
(9) ¢id not res-mble that of its diccid (10); a2 long-wave length shift

of the spectrum was observed with reduction in intensity of the absorp-
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tion moxinun 2t short—rave length. The fine structure festure of

P ~tand diseprecred and the absorption minimua bathochromically shifted,

(i1) U.v. a2bsorption spectrum of 1,1'-binaphthyl-8,8'=bis(nethylene-

pyridiniun) diiodide (12)

The u.ve. absorption spectrun of (12) did no% resemble the other
compounds in this series end did wot show vibrational fine structure; at
the same time the long-wvave band of nzphthalene disappeared. The absorp-

F4ion minimun wes observed ot 274 om (flm1n 11200) and the short-wave
unsplit intense bond at 221.5 nn (l"UﬂOO) 1t can be supnosed that

this molecule has the: some dihedral angle as in other 8,8'=disubs—
tituted 1,1'~binaphthyls. The shift of absorpiion miniwmum towards long-
wavelength at 274 nm (usuelly arcund 257-258 nm) with a comparatively
high intensity could be due to the pyridine absorption band resulting

,,_

fron the;T. f‘ tran81twoq at 252w

;7150 sone shoulders at the long-wave
end of this bend (6illem end Stern, 1957); thus this observed minimun
is not the real minimim for the nain 1,1° b¢n,p1thJ1 nucleus. Organic
cations normally have an excited state less polar than their ground
state and show a large blue shift of charge transfer absorption on
chanzing from a less polax to mere nolar solvent. In this molecule,
'the u.v. spectrun observed in 05 ¢thanol end 1a chloroform did not
show any shift of t@e absorption Wanls, This again could be due to

L1

the charge stabilisation, vhich ihe increased polarity of the solvent

could not effect or it could he duz to the tio ends of the molecule

1

having positive charge and hencc ihe (#)=-(¢) wepulsions. Another reason



night be found in that the pozitively cherged nitrogen aton is lying

over thegr-cloud of the opposite naphthalene ring.

be Tltra~violet absorption spectra of 8,8'-bridged 1,1'=binaphthyls

In the groumd state bridging makes these 1,1'-binaphthyls multi-
planar with one preferred conformation.

(i) Carbocyclic compounds:

#all and Turner (1955) reported -the preparation of 9,10~dihydro-
3,4,5,6-dibenzophenanthrene (44). The u.v. spectrum of this compound
(Fall and Mazengo, 1967) shows a strong conjugation band at 239 nm
(.enmx 42000). This molecule is nearly planar as the bridging methylene
groups feduqe the dihedral angle. This molecule is & dissymmetric and
has a twofold exis of symﬁetry (02). Compounds in this series Witﬁ
three atoms in the bridge (Mislow, Glass, O'Brien; Rutkins Steinbvurg,
Weiss and Djerassi, 1962) also show splitting of tﬁe short-wave maxi-
mun absorption band. Compoﬁnd (49) show an absorption maximum at 220 nm

(11%200) and 232 nn (74900); similarly an oxepin (50) shows this side

(49) (50)



bond at 231 rm (7%400)

Ultra-violet absorptieon svectra of 1,1%=bhinaphthyl-8,8'-bridge

calbocycllc compounds

oL

The dicarboxylic acid {14) belonzs to point group (02) and mono-

.

cerboxylic acid (15) %o point groun (Cl), but the main u.v. absorption
characters of both acids were found to he very close (sec figure 6+7).
The two spectra possess fine structure and the long-wave typical wnaph-
thalene band appeared a2t 319 nua (shoulder, 1$006-2C00). A slight reduction
in the intensity of algcorption ninimun and blue shift compered with
unbridged coapounds suggests lhat the twist about the 1,L'=~bond in

the bridsed compounds 1s larvgev. A marked difference between the spectra
of open and bridged compounds was found in- that the carboxylic acid
groups of the latter did not eifcct the spectrun of the main skeleton,
this ds presunably because they ~re isoleted Ly carbon atoms from the
aromatic ring system. The gpectiz of their nmethyl esters (16) and (17)

reschble the acids suggesting ihnt the factors involved in the transi-

w2
tions were very sinmilaw.
The replacement of the wot:uxycarbonyl groups by bishydroxymethyl

" the bridge did not alter very much

groups on the central carbom v
tne spectra of their synthelic nracursors. The effect of hydroxyl

groups was found sinilax to T 8,4 ~bishydroxymethyl or 2,2'~bishydro-

xymethyl 1,1'=binaphtiiyls and o aliphatic chzin. Oring to its auxoch=-
romic nature, a slight increos~ i infenelity of 4he absorption bands

o
[v]
4]
Qr
0
X

were found; for example 'L,l.‘,‘ Ay ). I/) shows absorption ma_:(i::ru_m.
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at 223 nm (€rox 75900) end tae dinlconol (19) at 225 nm ( Cnex 87,500)
ot the appearcnce of this bend in botih mono- and dialcohols (18)
and. (19) ave ~ digvincetly. gimilar, in both cases maximum abgorption
occurs ;t 229 nm, thus tne steric situntions in these carbocyclic
(8;8'~bridﬁea L,1'=binashthvsls) coapounds are presunably apnroximately

4.7 ag
the sane.

(ii) Ultre~violet absorpition spectra of 8,8'-bridgzed N-heterocyclic

coripounds

The abcorption snectrum of the compound (20) shows an intense
short-vave tend at 223 nn (Emex 85500) very close to that of the
carhocyclic compounds. Fine structure features were slightly diminished
and the long~rave typical naphthalene band appeared as shoulder at
%21 na (Enex %200). Splitting of the P ~band was observed (see figure & )
this might e due to the positive charge or to the presence of halide
Jion in the solution. .

the absorption spectra of the compounds (21) and (22) resemble
(20)3 their sbsorption meximum appeared at 222 nm ( €max 90000) end
22% nm ( Crox $%000) mespectively, other features of their spectra
wvere remsinsi very close to each other. The position of the absorption
minimm in these three quaternary ammoniumvhalides were found at
255 nm (4200), 255.5 mn(4200) and 254.5 mm (4200), which is explained

by the d&ihxs

anzles in these compounds being the same and other

gtoric situctions are also very close to each other, Varietions in

the lenmin of the subetiiuents at the bridge carbon aton and also on
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4

the azepiniwn nitrogen did not eiffect the main chromophoric transition

~

characteristics of the spectra,
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5. CIIROPTICLL LFFECTS AND STEREOCHEIICGAL CORRELATIONS

5 1 Tntro;uctlon

From vexry begining of stereochemistry it has been realised that
the20pt£cal activity of a rolecule is a function of the arrangement
of atoms or groups distributed in the space within the molecule, and
this close relation between optical activity and the molecular geometry
is reflected in the refirvement of the study of absolute stereochemistry.
The optical activilty of en oxganic molgcule necessarily requires
chiral structure of the molecule, together with the chiral distribution
of valence electrons which are present in the individual chromophores
of the electronic spectra. On this basis it could be imagined that the
molecule is o frameswork of electronic cgeillators, all of them contri-
bute to the total optical activitys as a result the optical activity
in a2 molecule iz the sum ¢of roifation of plane-polarised light contri-
‘butions both by the intengity and anisotropy of each absorption band,

A dissymumetric molecule which has several chromophores of different
nature, where one or more than one electronic transition can occur corr-
esponding to each chromophore, shows Cotton effects (defined later).
Professor AJcscowitz (1961, 1962) classified optically active chro-
mophores into two clasces:

(i) Inherently Gissymmetzic chromophores,-and
(ii) Dissymzetrically perturbed symmetrie chromophores.

v

wie chQPOﬂhores, electrons occupy an enant-

.

In the inhexcuily disgys

jomeric confizvraticn evesi in an achiral environment and have very
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high optical activity and show intense Cotten effects,

The sign of the Cotton effect of an inherently dissymmetric
chromoﬁhore is directly related to the chirality of the chromophore
itself, btut the sign of Cotlton effect of & symmetric chromophore pert-
urbed in a chiral environment, e.g. 2 keto group, depends on the chirslity
of the perturbing medium,

The optical activity of a molecule can bie assessed by two effects
on polariged light: circular birefringence and circular dichroism. The
former is studied by measguring the rotation of the plane of polarisation
of the plene-polarised light, or in other words the difference in velo-
city of the right- and left-circularly polarised beam, as a function
of the energy of radiation.A plot of molecular rotation of the oscill-
ating plane of linearly polarised light against wavelength ( nm) gives
an optical rotatory dispersion (o.r.d.) curve. For compounds which do

not absorb in a pariticular region of wavelength, the plot is é "plain
'curve"; but if the molecule absorbs radiation as a result of an electr=-
onic transition an anomalous curve or "Cotion effect" is observed. The
sign and amplitude of a Cotton eifect curve give éignificant information
about fhe real arrenzement of the ligands in space (i.e., the absolute
configuration) of the molecule. Vhen the positive extremum of the o.r.d.
curve (the peak) is at longer wavelength than the negative extremum

(the trough), the Cotton effect is positive; when the negative extremum

is at longer wavelength than ihe positive extremum, the Cotton effect

is negative,
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Units and definitions of optical rotatory dispersion parameters

KMolecular rotation [I‘] is defined as

= (in degrees)

where Il is the molecular weight of the optically sctive compound and

[_o{] the gpecific rotation.

; Feal
T !
[h"f] C‘ ) ‘2, /\C : )"1
& ; a
\' .
! £
- -b. ~F
Trough
-3
Anm

The anplitude 2 = ([M] for extremum of longuavelength = l:I‘-;I] for
extrermm of shorter v.ran.rc—t-lerzhg‘i;h)/’1(_)0 s expressed in
degrees., The horizontal distance b (breadth of itha Cotton effect is

defined as b = }\1 - ,\2 » where ,\1 and Ay ewe s

0

wavelength of peak

and trough respectively and expressed in nancs

\ _ is the
o .
wavelength vhere the curve changes its sign 2o yrtatlon is zero.
both the refractive indices and the extinciior soefiicients for left-
and right-circularly polarised beams which mrile up the plane pslarised

light will not be identical and thereforc ai.r passing throush the
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optically active substance the two vaves wlll not recombine to make
plane-polarised light bubt will result in an ellipticelly polarised
vibration form, meking an angle of between its major axis and the

original plane of polarisation, The nmedium ig said to exhibit circular

(The rotation « and ellipticity Y of plane-polarised light

emerging from an optically active solution in the absorption region)

‘dichroism, The ellipticity of the wave is defined as the angle vhose
tangent is the ratio of the minor to the major zxis of the ellipse,

Units and definitions of c.d. parameters

Molar ellipticity [e] is defined as

[e] = 33004¢
where A¢ = ( ge - ‘69) - diffevential shuorption. The amplitude
a is 40.284E  or g= 030122{9]

A plot of molar ellipticity againgt wavelerzih (am) gives a

circular dichroism (c.d.) curve,
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5.2 Stercochenical Correlations:

The following methods have been apnlied to skewed biaryls (inhere-
ntly dissymmetric) to determine absolute configuration
(1) Asymumetric Synfhesis:- In this method asymmetry in introduced in
the course of a reaction, which invclves the preferential formation of
one or other diastereoisomer in the reaction of (j:)-substance with an
unsymmetriczl reagent. The reagent approaches the part of the molecule
to be reduced from the less hindered side. Meerwein-Ponndorf-Verley
reduction of a keto group has proved effective as suggested by Woodward,
7endler and Brutschy (1945). A biphenylic ketone has been reduced by

absolute

centrally asymmetric alcohols of known/configuration vy Newman, Rutkin
end Mislow (1958) and resulted in configurational determination of
biphenyls and later of 1,1'-binaphthyls (Mislow and McGinn, 1958). The
stereospecificity of this method is generally appliczble one.

R-configurations assigned on the basis of asymmetric synthesis snd

chemical correlation: (Mislow and McGinn, 1958)

@@ CH,Br

00" ¢

( _)7- ( t )"‘R - ' (L,q) ")'R

=NE —7

fion &
\O//l uci"_)_R , @@ C/

(53) (5u)*
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J¢configuration assigned to which the others are related. The compound
(54) differs from ketones (RR'C=0) in the classical Meerwein-Ponndorf-
Verley reduction in two ways: (a) It caen exist in enantiomeric f;rms,
(b) hydrogen transfer to either face of the carbonyl group in a given
enantiomer produces the same alcohol (55), i.e. R-(54) only gives
'R-(55) on reduction; this is because compound (54) is a dissymmetric
nonasymmetric molecule and has a twofold axis of symmetry 02, and the
compound (55) is an asymmetric molecule (Cl)° Compounds with three atoms
in the bridging in the 2,2'-positions of 1,1'-binaphthyls are fairly
highly optically stable. Hydrogen can be transfered by a given enant-
iomer of (RR'CHOH) i.e. S-( -+ )-2-octanol to either face of the carbonyl
carbon of‘(54). From inspecting models of the transition state, it was
expectedlthat reduction of the R-isomer by S-octanol would take place
quicker than that of the S-isomer. As 8=(+ )-2-octanol produces R-(=)-
(55), which is related to (+)-1,1'-binaphthyl-2,2'-dicarboxylic acid
(51), thus gives the B-configuration for the -optical isomers of the

compounds shown above.

(2) Configurational correlation of biaryls by Optical Displacements:-
Fitts, Siegel and Mislow (1958) argued tha% the success of Preudenberg's
Displacement Rule in the centrally asymmetric optically active compounds
depends on the similarity in size and shape of the molecules to be
comp?red. The authors said that like shifts in optical rotation will

take place in related derivatives of biaryls of the same configuration,
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and make a basis for a chemical correlafion. Using the polarisability
theory of optical activity, tle aulthors assigned the S-configuration to
(-F)—9,10»dihydro~3,4,5,6~dibenzaphenanthrene (44). Therefore its
synthetic precursor, (——)-2,2'-diacid (51) has also S-configuration.
Absolute configurations of these compounds already reported
(Mislow and McGinn, 1958) confirm the validity of this rule. Fitts,
Siegel and liislow (1958) observed the optical rotations of several
2,2'=bridged bﬁéyls of known configuration. 2,2'-Bridged compounds
derived from S-(-)-6,6'-dinitro-2,2'-diphenic acids and S~(-)-dichloro-
2,2'-diphenic acids have stroné?dextrorotatory power than theilr parent
unbridged acids. 2,2'=-Bridged compounds derived from S-(+ )-6,6'-dimeth—
Tyl-2,2'~diphenic acids ggain show considerably larger dextrorotation.
On the basis of these findinga it has besen proposed by Titts, Siegel

and mislow (1958) that . going from unbridged to 2,2'-bridged biaryls,

Ainvolving a change in the interplenar angle, reflects a characteristic

change in the sign and maaﬁitude of the optical rotation, and follows
a general 'Optical Displacement Rule';, i.e. a symmetri;ally substituted
hindered biaryl has the S~ (resp. R-) configuration, if in going from
an wbridged Yo a.bridged system, the optical activity suffers a marked

shift in the positive (resy. regative) direction. This rule is permif-

2

ftive but not oblizatory: as the authors also said,"we would also
¥

hesitate at thig time to cowe to firm conclusions unless the ‘'marked

shift' in our rule invelved both & change in sign and reasonably large

change in magnitude of rotaticuf, )
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(3) Chiroptical effects:- Mislow (1958) proposed that the detailed

study of optical rotatory dispersion will furmish useful information
about configurational assignment.

C. Djerassi (1960) established the usefulness of o,r.d, curves for
configurational assignment in optically active ketones of knmowm absolute
configuration. Mislow, Bunnenberg, g:ﬁﬁ;iis, Wellman and Djerassi (1963)
found that the circular dichroism (c.d.) curves of skewed biaryls (in-
herently dissymmetric chromophores) are of extreme usefulness in sepdarating
the individual electronic transitions responsible forAthe total Cotton
effect,

From the results of these two.optical properties of chiral mole-
culeg 1t is generalised: correlating the sign and shape of Cotton effects

can correlate the configuration of compounds. An enantiomeric pair of

molecules have identical Cotton effects of opposite sign,

53 Optical Rotatory Dispersion and Absolute Configuration of 1,1'-

Binaphthyls
T were _
ae. Introduction, . Spectroscopic observatidns/collected by Mislow,

Glass, O'Brien, Rutkin, Steinberg, Weiss and Djerassi (1962)for a series
of suitably substifuted unbridged and bridged biphenyls, 2,2'~disubsti-
tuted unbridged and bridged 1,1'-binaphthyls; and their configurations
related to those compounds whose absolute'configurations»were already
assigned by some other standard methods. They also found}that change in

conformation brings about a characteristic change in o.r.d. Cotton
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effect curve. The longwavelength Cotton effect of the 2,2'-bridged
biaryls is generally accompanied by a Cotton effect at shorter wave~
length, of opposite sign end greater amplitude, which usuzlly dominates
the sign of rotation in the visible region., For 2,2'-bridged biaryls
having the R-configuvaticn, the sign of the longwavelength Cotton
effect is negative for 6,6'-dinitro derivative, positive for 6,6'=
dimethyl and .6,6'-dichloro derivative and 2,2'-disubstituted 1,1'-
binaphthyls.,

Unbridged 1,1'-hinsphthyls possess complex u.v. absorption spectra
dominated by maxims st 285 nm and about 230 nm (Frompton, Edwards,Jdn.
and Henze, 1948) vhich correspond to the complex o0.r.d. spectra.
MisloW'gi.gl.(lSGZ) recorded two o.r.d. Cotton effects for 1,1'-
binephthyls with ~CH.CH, -CH

Br, —CH3, -C0CH, ~COCMe, =CONH, groups

2 2 2
substitqted in the 2,2%-positions, centered at 285 nm and below 250 nm
respectively. In &ll cases a positive 285 nm Cotton effect corresponded
to the R-configuraticn.

Bridging willh & saturated chain containing two atoms incorporating
the 2,2"-positions of 1,1'=binaphithyls (i.e. compound 44) cﬁanges the
U.,Ve absorption patizrn with a merked red-shift compared with the un-
bridged hydrocavhun spectrumy in particular, at long-wavelengths,
bands at 320 nm, 323 nm, 335 nm and 348 nm.(ﬂall and Mazengos 1967)
appear. This compowid ghows a Ted-shift of Cotton effect which is
assdciated.with its u,ve. absorption red-shift: its Cotton‘effect is of

s 7 o
enormous emplituie 11570000 ) centered neaxr 250 nm.
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In contrast, the o.r.d. curves of bridged compounds containing
three atoms in the bridge joining the 2,2'-positions of 1,1'=binaphthyl
have u.v. absorption spectra dominated by maxima at 220 nm, 232 nm and
306 nm, The red-shift of the longwavelength absorption bend at 283 nm
end 293,5 nm of 1,1'~binaphthyl itself, in comparison with these
bridged compounds, also appears in o.r.d. curves yielding two Cotton
effects of opposite sign, centered around 300 nm and below 240 nm respect-
ively, Mislow et al. (1962) suggested that a positivé %00 nm Cotton

effect corresponds to the R-configuration.

b: Optical rotatory dispersion spectra, results and discussion of 8,8'-

disubgtituted unbridged and bridged 1,1l'-binaphthyls in the present

work

Instrument: ‘ Perkin-Elmer Spectrophotopolarimeter (P 23)
Slit: 3 mmj; Gain: 3; Damp: 7T; Ordinate: 0.1°.
Solvent: 95% = Ethanol

Formula applied in calculations: [M] - _Jég]x M
’ 100

where M is molecular weight of the chiral compound, Bjj is specifiec
rotation( in degrees) and is defined as O(obs/g_l.

1= O.In(length of cell), ¢ is concentration of chiral compound in
g/100 ml. K obs_ (observed optical rotation) = 0.001 x observed

deflection (in divisions of the chart paper), where 0,001 is least count.



Optical rotatory dispersion data ( nm,E?;]in parentheses).

2 amplitude of short-wavelength Cotton effect(llote: the compounds are

not necessorily optically pure.)

(=)=1,1"~Binephthyl=0,8'~dicarboxylic acid (¢ 0,1296~0,0011184)

546 (-839°), 460 (-2160°), 340 (~5780°), 320 (~2500°), 312 (~3900°),
304.5 (0°), 270 (+10p25°), 259 («4614°), 249.5 (+16100°), 242 (0°),

235 (-563890°), 230 (~537500°), 215 (-295000°); (a = 1984000°).

()-8 8'-Disbromonothyl-1,1'-binaphthyl {(c:r L.0304-0, 001824)

546 (+348°), 320 ( -+ 926%), 295 ( +10360°), 290 (+12500°), 285 (+13900°),
258 (-+25000°), 255 (+23500°), 248 (0°), 238-235 ( -82000°), 277 (~93000°),

220 (-46700"); (2 = 514500°)

(+)-8, 8'—6 imethyl-1,1 -binaphthyl (c=0. OlA—u.OO28)

546 (+250°), 330 ( +714°), 325 (+1420°), 320 (+ T14°%), 313 (0°), 295~
291.5 (-4600%), 288 (0°), 275 (+—23600°), 270 (25700°), 265 (+27800°),
260 (+26200°), 250 (+ 41000°), 245-242 ( + 42500°), 235 (+ 85700°),
223 (0°), 222.5-220 (~35700°), 215 (-48000°), 205 (~8900° )

(2= 377600°).

(%‘)—2;2'~£§methylf1;l‘mbinaph%hvl (¢ = 0.572-0,00092)

546 (+ 22°), 352 (0%), 727 (~297°), 321.5 (0°), 319 (+220°), 315 (0°),
305 (~890°), 298 (0%}, 275 (= 15100%), 265 ( +16000°), 260 ( + 13000°),
245 (+ 39000°), 253.5 (+185000%), 230 (%), 224.5 (-266000 ),

220 (—1520 0}, 26 {wzseooo); (2.+ 1054000°).
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(+)-1,1'-Binaphthyl (¢ = 0.056-0.0007)

578 (203°), 320 (+550°), 315( +80C°), 310 (+ 500 ), 300 (+ 300°),

293 (+ 4900°), 290 (+ 5700 ), 285 (11500 ), 283 (+ 12000° ), 272 (+ 15000 ),
255 (+ 9900" ), 230 (498000 ), 225 (¢ ), 220 (-180000" ), 219 (~18500C ),

217 (160000 ), 214 (0" ), 208 (+ 78000 ), (2= 518800 )

(+ )-1,1'-Binaphthyl-8,8'-diacetic ~eid (10) (c= 0.0512-0,002048)

546 (+227"), 340 (+12707), 335 (+1170%), 328 (+2100°), 320 (+500°),

315 (v 780°), 310 (+4907), 306 (&), 300 (-5907), 293 (-430"), 291 (d”),
280 (+7300°), 277 ( +7400°), 269 (+10000°), =55 (+12200°), 260 (+ 12700 ),
252 ( +20500%), 247.5 ( +37000° ), 259 (0°), 227 (~80500° ), 225 (=73000°),

213 (-36600"); (a = 434600°)

(-=)-1,1'-Binzphthyl-8,8"'~diacetic rcid (10) (g = 0.056~0.00112)
546 (~307°), 400 (~700°), 330 (-23007), 311 (¢"), 307 (+1200”), 293 (d°),
280 (~11300°), 276-273 (~13600"), 270 (~154C5%), 268 (~1€500°), 260 (-

190007 ), 254 (-48000°), 250 (-49000"), 248 (~55300"), 239 (¢ ),

228 (+134000°), 220 (+22000°), 217.5 (& ); (== 51860007),

(+ )-1,1'-Binaphthyl-8,8'-bis(methylenepyridinica) diicdide (12)

(¢ = 0.0512-C,0031)
546 ( +202°), 340 (+780%), 328 (+1270%), 32¢ (+2997), 315 (J),
304 (~390°), 301 (0”), 290 (+7300° ), 275-276 (& 10700°), 250 (+34000°),

231.5 (0%), 220 (~£0000%), 217 (-48000%), 21G {40000}, {= = 600000)



(+ )—(13)%: (¢ = 0.016%-0,000326)

546 (+317°), 436 (+ 700°), 405 (+962°), 365 (+1620°), 330 ( +2400° ),

310 (+6500°), 300 (+4600°), 275-270 (+113000°), 263 ( +13000 ),
260.(+12600°), 243 ( v 49000°), 235 (+26000°), 233 (0%), 227.5 (=330000° ),

215 (~150000"); (o = 1659000 ).

1

(4+)=(14) (¢ = 0,03%-0.00132)
546 (+356°), 340 (+1500°), 310 (+8000°), 295 (+4700°), 284 (+7600°),
275 (+90007), 270 (-+8800°), 247 (+ 74800°), 242.5 (.+77000"), 232.5(0"),

222 (~190000" ), 214 (o‘"),'zos (+91000°), (2= 1170000 ).

(=)=(14) (¢ = 0.204-0,000816)
546 (-3187), 340 (-1900"), 320 (- 32007), 310 (~3900 ), 299 (-2200" ),
271 (-9300"),,266 (~7600"), 260 (-9000°), 245 (~30608"), 233 (&),

222 (-+ 290000%), 212 (+ 1600007 ), (&= 1300000°%).

) o+ - .
(4 )=(17) (c_= 0.0166~0,00336)
546 (+257°), 310 (+7400°), 207 (+ 4200), 245 (+5500¢°), 233 (¢F),

225-22% (-148800°), 218 (-1070007), 213 (¢ ), (a=63600d ).
:ri -
(=)-(17) (c = 0.01962~0,0023510)

564 (=264°), 310 (~5000%), 293 (~7600°), 273~270 (~150007), 260 (~15500°),

244 (-67000°), 233 (), 230 ( 44500007), 221 (+1E5000°), 214 (+114000°),

$%  Numbers refer to p il =16
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(+)-(29) (c = 0.03504-0.0014016)
546 (+ 320°), 320 (+ 2000°), 311 (+ 3400°), 295 (+ 7000°), 244 (+ 52800° ),

234.5 (0°), 225 (-2350007), 215 (0"), 210 (4 50000°), (a=1020000).

(—)-(19)*; (¢ = 0.02048-0.00328)

546 (- 378%), 310 (-5000°), 295 (-3600"), 268 (-11000"), 268 (-95007),
- 245-242 (-50000°), 235 (07), 230 (+56600°), 224 (+ 96000°), 215 (+ 68000"),

(a = -520000°),

(+ )_(15)* (¢ =0,022-0,0011)
546 ¢523°), 320 (+6000°), 300 (+ 8600°), 290 (+6000°), 270 (+ 10600°%),
264 (+11000°), 244 (+ 66000°), 235.5 (0°), 222 (~91000° ), 220-215

(~1000000°), 212 (-68000°), (& =560000°).

*.
(=)=(15) (c=0.0304=0,00475,
546 (-515°), 320 (-5900%), 313 (-6900”), 305 (-6000°), 295 (-7000°),
290 (~7200°), 246 (~61000%), 235.5 (0°), 230 (+ 82000°), 220-217

(+126000°), 215 (+116000%), 205-( +42000°), (a = 630000°).

3
(4 )=(16) (c=0.056-0.001064)
546 €444°), 320 (+5800°), 306 (-+8500°), 273-269 (+11600°), 240
( +86000°), 232 (0°), 225 (~94000°), 220 (~70000°), 216 (~56000°),

(a = 630000%).
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*
(=)= (16) (¢ = 0.023-0,00046)

546 (-4787), 320 (~4100%), 307 (~5400"), 300 (-4000°), 269 (~12600%),
264 (<120007), 242.5 (~670007), 232 (0%}, 221 (4-88000°), 217 { +91000°),

210 { +76000°), (a=5580007),

(+)-(18) (c= 0.02-0.0004)
546 (+500°), 320 (+ 5000°), 310 ( +8200°%), 296 ( +6200°), 255 (+ 23000°),
243 (*44000°), 233 (07), 230 (-250000°), 220 (~460000), 216 (-440000°),

(&= 1640000°).

*. .
(-)~(18) (c = 0.084~0.001344)
546 (-554°), 320 (-5400%), 315 (~6800%), 297 (-1800°), 260 (-125007),
245 (~61000°), 235 (0°), 230 ( +253000°), 222.5 (+390000°), 215

$160000°), (a = 14000007).

(+)-(20) (c=0.08-0.008)
546 (+481°), 340 (+1500°), 313 (+4600°), 297 (0%), 290 (-2250),
279 (0%), 243 (+44000%), 235 (0°), 230 (-230000%), 225 (~250000%),

215 (0°), (a=1300000°),

3
(=)=(20) (¢ = 0.0808~0.001616)

546 (-156°), 340 (-1000°), 315 (-2400°), 297 (0°), 291 {+1200°),
289 {0°), 245 (=31000%), 243 (-31000%), 235 (0°), 227 (- 77000"),

220 (-+62000°), 210 (-+31000°), (a = 480000°).
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(+)-(21)>‘k‘ (¢ = 0.044~0.001584)
546 (+ 363°), 340 (+2730°), 314 ( +7200°), 298 (0°), 293 (-2400"),
285 (=680 ), 279 (0”), 265 ( +84007), 250 ( +8500°), 243 ( 4+43%000°),
237°(0%), 222.5 (~205000%), 218 (-160000°), (2 = 1180000°).
%
(=)-(21) (e = 0.0021-0,000084) _
546 (-287°), 3%0 (-4000°), 315 (-6000°), 298 (0%), 293 (+2000°), 280 (0°),
246 (~44000%), 238 (0°), 230 ( +210000°), 225.5 ( -+226000°), 220

(4+150000%), 215 (+ 120000°), (a = 1040000°).

(+ )—(22)* (c = 0,058-0.00116)

546 (+279°), 340 (+2600°), 312.5 ( +7700°), 295 (07), 292.5 (~1400%),
282 (0°), 246 (¥ 60000°), 239 (0°), 225 (~280000°), 210 (~146000°),

(a =1700000%).

"

(-)—(22.)2)§ (e= 0.0412-0.064.9)

546 (-140°), 340 (-1900°), 314 (-4200°), %00 (-600°), 298.5 {0°),
295 (+1700°), 283 (0°), 245 (-36000°), 238 L0°), 225 (+90000°),

223 (+91000”), 205 (+60000°), (a = 646000°)..
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Figure 10 Oevede spectra of S~ 1,1%-
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Figure 18

O.r.d. spectra of R=(-)
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Dlscu3°1on. Recogniticn of short-wave Cotuoa effef for conf&“uvatlonal

assignment

(1) Optical rotatory dispersion spectra of unbridsed 8,8'=disuliztituted

1 1'-b1nag§i§¥%:°— 1,1'-Binephthyl itself exhibits absorption maximw
at 220 nm ( ff-band), 283 nm and 293.5 mn ( f>—band) which correspond
with the complex o.r.d. Cotton effects. A shoyt-iwave positive Cotton
effect of very high amplitude ( 71@8000) centered near 225 nm and

the corresponding shape of the long-wzve Cotion effect curve with its
u.ve. absorption spectrum characterises it as an iulieren ily'dissymmetric
chromophore.

. Naphthalene absorbs at 220 nm (ﬁBnbané} 275 um (ﬁ)—band}and a

weaker band at 312 nm (A ~band). The small Cotton sffect 315 nm is

nséigned to the wesker absorption band. The compuretively large positive
Cotton effect meximun at 272 nm of 1,1f~binaphﬁhy1 can be arsigned to
the f)—band and finally the shombt-wave positive loticn effect centered
at 225 nm.can be assigned with confidence to’theiﬁmhfnd.

Badger, Drewer and Lewis (1962) concluded +lv% a negative Cotton
effect associated with the f’—bana of 1,1lt-bicnihiyls indicates R-
configuration and a positive Cotton effect here o S-configuration.

(+ )546-1,1'-Binaphthyl has been assigned the S~conliguration by A—ray
crystallographic méthods(ﬁkimoto;Shioiri, Titars o Yar Mafaa 1368).
Thege authors reported the R-configuration of (%“;ﬂr‘~2.< w10y ATOXY -

3,3'-bismethoxycarbonyl~1,l'—binaphthyl, and A comeelotod roae

other 1,1'-binephthyls including 1,1'=bircphtiyliinelf with 1t {through
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chemical relationships which were already kmown.

(+')546—2,2'-Dimethy1—1,1'—b;zgggfgzgz Thig compound is completely
optically stable and hns been assigned the S-configuration on the bhasis
of a negative Cotton effect near 285 nm (iislow, Glass, O'Brien, Rutkin,
St;inberg, Weiss and Djerassi, 1962) and asymmetric synthesis (llislow
and McGinn, 1958) and X~ray crystallographic method (ﬁkimoto; Shioiri,
Titaka and Yamada, 1968). By snalogy with 2,2'-disubstituted 1,1'-
bianthryls (Badger, wrewer and Lewis, 1962) a positive Cotton effect
associated with short-wave u.v. absorption maximum relates to S-con-
figuration of this compownd, (see figure 0. ).
(4’)546—8,8'—Dimethyl—l,1'—bimaphthyl: This shows three Cotton effects

Te
(see figure 16, ). A weak positive Cotton effect which could be duengti—

cally active transitions of thz long~wave typical naphthalene bund: 2
gtrong negative Cotton effect near 285 nn vhich cen be assigned o the
ﬁ)-band of u.v. absorptions and a strong positive Cotbton effect centered
near 230 nm due to A ~bend of the u.v. ohesorption. Yhis gtep~-by~-step

observation of o.r.d. curve of (- ~8,8'=dimethyl-1,1'=binaphthyl

)54
shows that it resembles the o.r.d. curves of (4 )-1,1'-binaphthyl and
(+)-2,2'-dimethyl-1,1'-binaphthyl.

Ag the optically active transiticns in all these three compounds
are of the srme nature, this faoct led us.to assigm S-configuration to
the (4 )-isomer of 8,8'~dimethy1~1,l'~binan1tby1.

Mihyle This iz a synthatic precur-

(ﬁ-)546w8,8'-Bisbrompmeuhy}r%i—h_

sor of (4 )-8,8'~dimethyl-1,1 '=binaphithyl. It shows cne poaitive Cotton ,



effect with inflection near 290 wm and 316 wm, which zre dominated by
long~wove u.ve abzcrption bands. This did not show any negative long—
wave Cotton effect but a clezr strong positive Cotton-effect agsociated
with ite P-absorption band susgesting its S-configuration ( see fig.10 ).

(—)546~1,1'—Binaphthyl—S,B‘»ﬁicarboxylic acids This acid shows two

Cotton effects of opposite sign. A long-wave negative Cotton effect
dominated by tranzitions of a broad u.v. absorption bend at 309 nm and
a very veak absorption band =2t 332 nm, The long-wave tranéitions appear
in the o.r.d, spectrum (see figure I0 ). A short-wave strong positive
Cotton effect of enovmously high amplitude (%9837000) associated

with the u.v. abeoeption bend at 239.5 nm suggests its S-configuration.
On the basis of & strong positive Cotton effect associated with the
;B—band S~configuration can be assigned to unbridged 8,8'~disubstituted

1,1'=binaphthyls, =nd other compounds derived from (-)-8,8'-dicarboxylic

Br-E
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The u.v. absorption spectrum of (f:)—l,l'-binaphthyl—B,S'—diacetic
acid (10) resembles that of {% )-8,8'-dimethyl-1,1'~binaphthyl with
fine structure features of the f9—band and the appearance of typical
napnthalene band at 224 nm. In the o.r.d. spectrum, three Cotton effects
were observed (see figure || ) for each of the enentiomers. A long-weve
Cotton effect avefaging near 310 nnm could be assigned to the optically
active transitions of inflection in the u.v. absorption spectrum at
324 nm. A second intense Cotton effect centered nmezr 290 nm czn be due
to the p—absorptionyizg a short=-wave strongest Cotton effect is certainly
due to the;%-band of u.v. spectrum. From the inspection of the u.v.
absorption spectrum it is concluded that chromophoric nature of carbo-
xylic acid groups in the 8,8'-positions of 1,1l'-binaphthyl are insulated
from the aromatic chromophores. The fine structure features of thef)-band
are also observed in the o.r.d. spectrd. A positive Cotton effect assoc;
iated with the P -absorption band assigns S-configuration to (4—)546—
1,1'=binaphthyl-8,8'=diacetic acid and a negafive Cotton effect here
R-configuration to the (—)546-1,1'—binaphthyl—B,B'—diacetic acid.

(+ )5 1s1"-Binephthyl-8,8'-bis(methylenepyridiniun) diiodide (12):

This compound was derived from (4-)546-8,8'—bisbromomethyl—l,l'—binaph—
thyl which has the S-configuration. This also has shown three Cotton

effects of opposite signs, and a positive Cotton Bffect with fine strue-
ture, The positive Cotton effect associated with the short-wave absorp-

tion band of the u.v. spectrum centered near 231 nm also is a evidence
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for its S-configuration (see figure i)

(2) Optical rotatory dispersion spectra of 8,8'-bridged 1,1 '-bingphthyls

(2). Carbocyclic compoundss:

The (4 ), c-8,8-diethoxycarbonyl [dinaphtho(8,1-2b, 1',8'-de)] -
cyclonona-2,4-diene (1%) was synthesised from (-%)546-8,8'—bisbromo-
methyl~1l,1'-binaphthyl to which the S-configuration was assigned on the
basiszéé positive short-wave Cotton effect., A point of interest arises
here: Mislow and McGinn (1958) and Fitts, Siegel and Mislow (1958)
from their work proposed a generzl Optical Displacement Rule; in the
present work the rule was not obeyed. - This compound shows one strong
positive Cotton effect of enormously high amplitude (4-%6523000) assoclia-—
ted with the f3-band (see figure |2.). A long-wave positive Cotton
effect corresponds to the optically active transitions due to the
typical naphthalene brnd,and the fine structure features with inflections
correspond to the /5~band, The o.r.d. spectrum resembles that of 1;1'—
binaphthyl itself, very closely in the shormt-wave region.S-configuration
is assigned to this compound.

This ester on hydrolysis grmve optically active dicarboxylic-acid
(14). .The o.r.d. spectrum is very close to the o.r.d. spectrum of its
precursor diethyl ester (13). Secondly, (*)-(14) was resolved and
(4)= and (=)-acids ﬁere decarboxylated to their corresponding mono—
carboxylic acids (15). Fethyl esters of (+ )= and (~)- mono- znd di-

carboxylic acids were reduced to the corregponding alcohols. O.r.d.
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characters of these compounds were observed to be the same (see figureld 49,5,

No additional Cotton effect was seen in the case of mono-derivatives
with point group (Cl); i.e. Suring decarboxylation the hydrogen atom

can rcplace elther of the carboxylic acid groups, thus these molecules
lack ~11 elements of symmetry. The Cotton effects observed in these
compouvnds, both disubstituted (02).and monosubstituted (Cl) are probably
due only to opticnlly active arcmatic chromophores; " All these related
compounds to which J-configuration is assigned ~ . show positive
rotation in the visibvle region, which is dominated by the strong short-
wave poaitive Cotton effect . Isomers showing a negative strong Cotton
effect ggsociated with short-wave u.ve absorption mexima are assigned
the R-configuraticn.

o)

(v) 8,3'=-Bridged Heheterocyclic compoundss:

The o0ared, spectram’ of compounds (20), (21) and (22) differed from
the corbocycelic compounds in one sense, that they show multiple Cotton
effects. A1l these quaternary ammonium compounds(20) to (22) were obtained
in their opticnlly active form from opticallyvactive 8,8'=bisbromomethyl-
1,1 =linaphihiyl, In their u.ve spectra (see figure 9) a split component
of the short-wive ﬁ&-band w28 observed, which could show a negotive
Cotton effect ~verazed near 280 nm (see figure |y ). A‘long—wave positive

s

Cotton effect i3 due %o wesk transitiong. All these compounds show

strecug Cotton effects acsocizated with the short-wave absorption band. A
&
strons rositive Cotton effect in this region again is an evidence for

Cotton effect for the R-configuration.

~co~isomers in this series are assigned S and (~)546—isomers'5~
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configuration,

These findings of o.r.d. spectra in the present work made us
confident to propose: A strong positive Cotton effect associated with
the short-wave u.v. absorption band relates toigfconfiguration and a

negative Cotton effect relates to R~configuration.
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(4

5¢4 Circulsr Dichroism and Absolute Configuration of 1,1'-Binaphthyls

a. Introduction., Mislow, Dunnenberg, Records, 7ellman and Djerassi
- T curves

(1963) reported that c.d./of twisted biphenyls are of extreme useful-
ness to identify the electronic transitions which are solely responsible
for the individual Cotton effects, Intensity of c.d. curves parallels
high extinclion coefficients of the absorption spectrum, and high amplei-
.tude in the o.r.d. curve; all together they characterise the intern=l
chirality of chromophores present in a molecule. The signs of the c.d.
curves correspond to the signs of the related o.r.d. curves. The great
adventage of c.d. over o.r.d. is that the overlapping tails of o.r.d.
bends dominated by short-wave Cotton effects are reducea in c.des which
assists in the identifieation of unsuspected werk optically active trans-
itions. They apnplied these generalisations to some 1,1'-binaphthyls.
Unbridged 2,2'-disubstituted 1,l'-binaphthyls have u.v. absorption -
maxima around 2385 nm and 230 nm, A negative 285 nm Cotton effect reiates
to R-configuration of these compounds. .

1,1'-Binaphthyls bridged in the 2;2'—positions have in common c.d.
gpectra at 270 nm and 310 nm of opposite signs which correspond to
the oppositely signed o.red. curves centered near 265 nm and 300 nm
respectively. A positive 300 nm Cotton effect relates to the R-con-

Recovds . .
figuration(ifislow, Bunnenberg, Richgrds, Wellmsn and Djerassi, 1963%).
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be Circular dichroism snectra, results and discussion of 8,8'=disubsti-~
R b} i i 2 —_—

tuted unbridsed end bridred 1,1'-binaphthyls in the present work

Tnstrument: (i) Iica Spectropol-I (c.d. attachment)

J.

cell:1 mm, sensitivity=0,1
Formila uged in caleulations:

218 (coefficient of extinction)

4

2.5 x recorded deflection x sensitivity(().l) x 10 7 x IL.VW.

o
-

cle/Ly = 1 (em)

(ii) Roussel~Jouan Dichrograph

cell =1 mm, sensitivity = 1.5

Formula used in caleulations:
recorded deflection x sensitivity (1.5) x 10 4x M.9.

_q(g/IJj x 1 (cm) )

PAYAEH

Solvent: 95 ethenol
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Circular dichroism data ( nm, [Q):l in parentheses)

(-)-1,1'-Tinaphthyl-8,8'~dicarboxylic acid (c = 0.6-0.024)

340 (~1900), 334 (~32000), 330 (-33800), 326 (~37000), 324 (~32000),
296-289 (-50500), 281 (0), 270 (+ 176000), 251 (4 35000), 250 (+140000),

240 (+ 420000), 232.5 (0), 223 (~500000), 214 (0).

(+ )-8,8'-Bisbromomethyl-1,1'~binaphthyl (¢ = 0.5-0.02)

340 (0), 300 (=35000), 270 (-22000), 265 (-26000), 260 (0), 241 (+ 142000),

238 (0), 228 (~760000), 218 (-380000).

( +)-8,8'-Dimethyl-1,1'~binaphthyl (¢ = 0.23-0.0046)

335 (0), 330 (-1400), 325.5 (-4400), 325 (0), 321 ( + 1600), 318 (+ 800},

316 (-1000), 313 (+ 800), 306.5 (+3%200), 302 (0), 300 (~1600),

290 (~26000), 287 (-35000), 285 €%5200), 269.5 (0), 257.5-255.5 (+32000),

250 (+ 33000), 229.5 (+ 1200000), 222.5 (0),-220 (-200050), 218 (-320000),

215 (-220000), 210 (0).

(+)-2,2'-Dimethyl-1,1'-binaphthyl (c=0.418-0,00836)
340 (0), 335-325 (-220), 320 (-2900), 312 (-890), 306.5 (-2500),
305-304 (-2200), 283 (-29800), 280 (~28900), 259 (0), 228.5 (-+ 1240000),

224.5 (0), 222 (-545000), 221 (-590000), 213 (0).



208

(4 )~1,1'=Binaphinyl (c=0.,124-0,0124)

310 (1 0), 305 (-2300), 300 (~3600), 295 (~7000), 290 (~7600), 285
(-7800), 280 (~€100), 265 (0), 260 (+3700), 255 (+ 1000), 250 (+ 2000},
245 (~v0), 240 (~0), 275 (+825000), 220 (0), 218 (-370000), 216

s

(~47%0000), 214 {(~590000), 208 (-~55000).

(+)-(13) " (c= 0.204-0.0408)

320 (+ 2600), 300 (24000), 290 (4 10000), 254 (+ 66000), 248 (-+48000),

229 (+ 720000), 222,5 (0), 215 (~900000), 212 (~740000).

(4-)-(145*(0btained from 13) (¢ = 0,84-0.0336)

330 (0), 302 ( +2%500), 285-280 ( +5900), 260 (+ 23000), 230 (+ 620000),

223 (0), 215 (=1060000), 213 (~=940000).

>
(+)=(14) (Obtaired by resolution) (= 0.23~0.023)

340-530 (=34000), 320 (~1600), 319 (-19000),.512 (0), 302 (+ 94000),
297 (+ 70000), 295-292 (+ 72000), 289 (+ 38000), 287 (+ 44000), 285
( +34000), 283 (T'44000); 265 (+ 230000), 263.5 (4 240000), 255 (+ 200000),

232 (4 5800000), 22%.5 (0),217 (~6000000), 210 (-3400000).

(=)-147 (= 0,176-0,0175)

540 (+ 29000}, 31%_(0), 303.5 (~130000), 299 (-90000), 296.5 (-107000),
287 (~8000), 264 (-240000), 260-255 (-200000), 232 (-6100000), 224.5 (),

218 (4 7000000), 210 ( + 4200000).

wumbers refer %o p. {hifu /b
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55
(++)-(15) (¢ = 0.13-0.013)
340 (~1000), 325 (0), 301 (4 9000), 300 (+8500), 295-293 ( + 9700),
287 (4-7400), 260 {+27000), 255 (24000), 231 ( + 580000), 223 (0),

216.( ~500000), 210 (~33%6000), 205 (-300000), 200 {-170000).

(=)-(25)" (¢ = 0.08-0.008)

340 (~1400), 322.5 (~5500), 320 (~4200), 306 (~17000), 301 (~15000),
300 (=16000), 297-293 (-16700), 286.5 (-4£1000), 250 (-54000), 230

(~760000), 223 (0), 215 (+ 630000), 212 (+ 540000), 210 (+ 280000).

¥ .

(+)=(16) {c=0.,16-0.0108)

330 ( +640), 323 (+2500), 318 {+1300), 303 (+ 11000), 298 (+ 9000),

296 (+10000), 287 (+7000), 265 (+34000), 255 (+30000), 230.5 (+ 850000),

223.5 (0), 216 (~600000), 205 (~170000). .

(-3-(26)" (¢ = 0.36-0.014)
335 (~800), 322 (~4000), 318.5 (~3000), 304 (~16000), 300 (-13000),
295 (~16000), 289 (-7000), 265 (~35000), 262 (-36000), 255 (=-33000),

230 (-870000), 223 (0), 216 (+ 500000), 205 (+ 160000).

(+)- (17);7e (¢ = 0.186-0,0186)
520 (+3600), 318 (+3000), 303 (+12000), 295-293 ( +11000), 288
(+ 6500), 265 (+30000), 255 ( +27000), 230.5 ( +630000), 223 (0),

218 (-460000), 215 (-430000); 208 (~180000).
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(=)= (¢ = 0.29~0.0232)
330 (~3700), 321 (~6300), %18 (=5600), 704 (-18000), 300 (-15000), 297
(~16000), 295 (~15000), 253 (=4600), 264 (-35000), 260 (=34000), 231

(=700000), 22% (0), 217.5 ( + 480000), 205 (-~ 150000).

*‘
(+)-(18)" (c = 0.1652-0,01982)
320 (0), 300 (+ 19000), 290 (+ 7000}, 264 ( +3000u), 260 (+ 14000), 256

(+9700), 230-228 (+400020), 224 (0), 218 (~600000}, 212 (~300000).

(-)-(18)™ (c = 0.38 -0.019)
340 (~2000), 325 (- 5000), 323-321 (~5000),318 (-4700), 304 (~18000),
301 (-17000), 300-299 (-17500), 297 (~19000), 288 (~12000), 264 (-30003),

230 (~800000). 223 (0), 217 (+ 560C00), 205 (- 250000).

'(+)_(19)* (.9. = 0.48~0.024)
335 (+240), 324 (+1700), 302 (+ 13000}, 301 (+ 11000), 300 (+12000),
88 (4 2000), 261 (+ 140003, 275 (4 1£000), 270 (+ 16000), 255.5 (+ 15000),

231.5 (4 580000), 226 (0), 220 (-450000), 210-205 (~130000).

(-)-(19j¥: (¢ = 0.0576-0,00569) _
330 (0), 333 (-15000), 270 (~90000), 260 (-98000), 252 (~75000), 235

(-680000), 225 (0), 215 (+ 700020), 210 (+ 60000d), 207 (O).
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/\’<_
()= (20) (c =0.71-0.071)
320 (0), 310-300 (+15000), 291 (0), 280 (~35000), 276 (-15000), 260-
256 (=120000), 244 (0), 233 (-+520000), 225 (0), 216 (-900000), 210

(~700000).

(-)-(2o)¥' (¢ = 0.54~0.0378)
320 (0), %06 (-4000), 289 (0), 280 (+8000), 270 ( +2000), 255 (+ 16000),

244 (0), 234 (-170000), 225 (0), 218 (+ 300000), 216 ( +150000), 213 (0).

>
(+)=(21) (c = 0.4-0.08)
320 (+900u), %10-306 ( +18000), 292 ( + 200000), 280 (0), 260 (~60000),

248 (0), 234 (+530000), 226 (0), 218 (-1éooooo), 214 (-1150000).

(-)-(21)*‘(9 = 0.4-0.056)
.320 (~-3000), 300 (-18000), 279 (0), 255 (+ 18000). 249 (0), 233 (-250000),

226 (0), 218 ( +230000), 212 (0).

>
(+)= (22) (¢ = 0.1183 -0.059)
%20 (4-20000), 300 ( +58000), 280 ( +30000), 236-232 (+ 440000), 226 (0),

215 (~970000), 214 (~-800000),

(+)-(12)° (¢ = 0.71 ~0.142)
340 (0), 320 (~5000), 296 (~40000), 293 (~35000), 286 (~55000), 266 (0),

234 (+260000), 231 (- 280000), 222,5 (0), 220 (-280000), 214 (-940000).



(+)-(10) " (¢ = 0.54-0.054)
310 (~1700), 286 —-280 (-18000), 250 (0), 230 (+135000), 226 (0), 220

(=340000), 214 (-1300C0),

| y
(=)=(10) (¢ = 0.0.4-0.04)
300 (0), 284-280 (-+10000), 270 (+13000), 250 (0), 231 (~110000),

226 (0), 222 (+260000), 220 ( +250000), 217 (0).
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c.d. spectra of S-(+)
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C.de spectra of S-(+)

217 80

‘160

Valoy

wevelength(nn)

O 8 Pt A et A Y > s

ot e aw e e

eCOeEIPEO0DS e o

R= R'= COOE%
R=R'= CO(H

R'=H R'=

CH,,0

2

‘| 40

=30




""ﬂm PRk o o sy

0
= /
N (ol
)
/
)
-+
T
4y O
O NN
¢
o
42
O
Q
m~
® [ealie
. ] = o
o] (@] < [aV]
© O O I ne]
o O O B
- .
N | | B
e .
H [ao] ~ ~
=
&l
o
By °
.
.
.
L]
*
L ]
o o
i

th(nm)

o
O

Wavelen



[ 80

[B]de‘a

Tigure 25

C.d. spectrs of R=(-)

219

b ~80

Yavelength(nm)

R = COCH

_______ R = COCHe




220

[e] Xt

Tigure 26

C.ds spectra of Ef(')

P
O o2
////
HZC cH

2

220

r=20

r ~60

L =30

I ~100

Wavelength(nn)

¢SO0 e e sB v R




: 0

120

260

[o] ™

C.d, spectra of S-(+)

L -30
e R = COOH

"""" R = COQMe

wavelength (Vi)




-20

()

pectra of S-

C:d. ST

1-20
1 =60

[6] o5

o

Figure 28

3
3
¢
L ]
?
]
L)
]
%
»

4 =80

3K f%'na(.tj% w ms-t
Petfact,

t
t

E

1

O

A\
@,}
4

fnem A e am e ew e

-pn L - ¢ -
RN e s RN o R T O
e lenoialin



Tavelensth(nm)

- 80

€0

40

© ¢.oix[e] 8

-20

..40

4 =80




224

Digcussion

Circular dichroism spectrum of (4—)546—1,1'~binaphthy1:— The c.d.

spectrum of this compound added to the detalls of the o.r.d. by
revealing two important bands of opposite sign, the ncgative with a
distinct shoulder, in the short-wavelength. ‘his corresponds with

the two c.d. bands of opposite signs assiciated with the short-wave
u.v. absorption spectrum in (-)546-1,1'—bianthryls, to which (Grinter
and Mason, 1964) assigned the R-configuration., The Cotton effects

of (+)=1,1'~binaphthyl bear a distinct resemblance to those of the

(=)-1,1!'=bianthryls except that they appcar at shorber wavelengths and

refer to the enantiomer of opposite chirality. wherefore a positive

c.ds Cotton effect (225 nm) and a negative at (215 mn) relates to S~

configuration in 1,1'~binaphthyl. -

~1lylt-Linevhthyls=

Circular dichroism spectrum of (ﬁ-)546~2,2'~d

Mislow, et al. (1963) determined the c.d. speciuo of this compound

-

+

above 240 nm and assignedSs—configuration on th: Trvis of the presence
of a negative 285 nm Cotton effect. A further oLz wvation of its c.d.

spectrum in the present work dowmn to 208 mm wewe 221 a new Cotion effect

which . correspondswith its o.r.d. Coticn effzct. Wiz dwo c.d. bends of

opposite sign resemblethose of (- )., ~1,1%~0ix iy cesting

ot
n
=1
n

546

that the aromatic chromophores causing these ou

Fually active transitions

in these two compounds are of 2 similar notuvre.
‘

N

Circular dichroism spectrum of (4») -8, 8%l

~ 7546

The c.d., spectrum of this compound was ciecuin ey similor conditions,

e C




225

It showsa strong long-v~ve negative c.d. band about 285 nm and in addi-
tion to it shows two hands of opposite signs associated with its u.v.
absorption short-wave bond. Such a line correspondence between the c.de
bands of ( +)-8,8'-dimethyl and (4 )-2,2'-dimethyl compounds in addition
-to . (&-)—lvf ~binaphthiyl made us think about the importance of these
short-wave Cotton effects for configurational assignments. The (+ )-

8,8'~dimethyl-1,1'-bincphthyl was assigned §}configuration.

Circular dichroism spectra of (4 )-8,8¢-bisbromomethyl-1l,1*~binaphthyl

and (-)=1,1'=binaphthyl-8,8'=dicarboxylic acid:~ The c.d. spectrum of

the {+ )-8,8'~bisbromomethyl compound resembles that of (+)-1,1'-
binaphthyl, (+ )-2,2'-dimethyl-l,1'~binaphthyl and (+ )-8,8'-dimethyl-
1,1!'=binaphthyl: a negative short-wave c.d. band and positive one at
slightly longer wavelength relates it to S-~configuration. |

the (-)-8,8'-dicarboxylic acid showed multiple c.d. bands, in agree-
ment with Mason (1968). Thé short-wave region c.d. bands resemble that-
of (*—)—8,8‘—bisbr§momethyl compound, ‘Thus all the unbriaged 1,1'-
binaphthyls showing a negative c.q. band in the short-wave region and

a positive one at slightly longer wavelengths have S-configuration.

Circuler dichroism spectra of (+)= and (~)-1,1'-binaphthyl-8,8'-diacetic

acids:~ The c.d. spectra of these ensntiomers show' a 280 nm Cotton
effect end two c.d. bands of opposite signs associated with the u.v.

the
ebsorption f-band. A negative 280 nm c.d. bend of | (+ )-enantiomer relates

it to S-configuration, which in addition - a short-wave negative



ceds bond confirme (Fig. 4% ). Similarly the (-)- enantiomer has R-

configuration.

Circular dichroism spectrum of 1,1'—binaphthy}-B,B'-bis(methylenepyridi—

nitm) diiodide:- This compound also shows an intense 285 nm c.d. band,

and as it was derived from_§f(ﬁ—)-8;8'-bisbromomethyl—l,l'—binaphthyl,
it would have S-configuration. The short-wave c.d. negatively signed absorp-

tion is very intense.

Circular dichroism spectra of 8,8'-bridged 1,1'-binaphthyls

(i) Carbocyclic compounds

Circular dichroism curves obtained for this qlass of compounds
were found to correspond with their o.r.d. curvesgq

From the synthesis of 8,8-dimethoxycarbony1[hinaphtho(s,l—ab,
1'y8'-de) ] -cyclonona~2,4-diene (13) the (i~)546- isomer of this
'cbmpound is assigned S-configuration. It shows fine structure correspond-
ing to the u.v: transitions of the p~band and - strong- T cede
Cotton effect (see figure 23 ) composed of two oppositely signed beands
under the short-wave uw.v. absorption bend., This ester on hydrolysis
gave (+ )-dicarboxylic acid, which shown the same c.d. Cotton effect.
The short-wave negative and positiveAc.d.lbands of this acid were found to
correspond with those obtaiued by resolution of (4 )-(14).

Te (+ )~dicarboxylis acid (14), and (+ )-monocarboxylic acid (15)

their methyl esters, snd corresponding alcohols all showm the s=ane
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cede Cotton effect; their (-)-enantiomers showed opposite Cotton effects,

(ii) R-Heterocyclic 8,8'~bridged compounds

Dinaphtho(8',1'-ab, 1",8"-de) -cycldnona-2,4~diene-8-zzepinium-l-
spiro[5,@~tetradecaﬁe-l"Y—piperidinium bromide (20) and 8,8-diethyl [di-
naphtho(8',1'-ab, 1",8"—de)]ncyclonona-Z,4—diene-8«azepinium iodide (21)
show multiple Cotton effects. A long-vave positive Cotton effect and a
_ pair of short-wave positive and negative c.d. bands are in correspondence
with their o.r.d. curves. 8,8-Diallyl @inaphfho{&‘,l’—ab, 1",8"—de)] -
cyclonona~2,4~diene~-8-azepinium iodide {22) did not show a negative
Cotton effect which was seen for the other two compounds near 260 nm
(see figuregg)gq), but two strong positive and nerative bands associated
with their u.v. short-wave absorption band were found characteristic for
all these compounds (with positive rotation in visible region ) which

relate these (+ )=-enantiomers to S—-configuration,

Conclusion: A negative c.d. band at shortest wavelength (~ 220 nm)

and a positive one 15-20 nm higher, is characteristic of S-configuration.
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Optical Rotatory Dispersion and Circular Dichroism Spectra of Optically
Activa 1,1'-Binaghthyl

By Fatricia A, Browne, Margaret M. Harris,” R. 2. Mazengo, and Shyam Singh, Bedford College, Regent's
Park, London NW1 4NS .

The o.r.d. and c.d. spectra of 1,1'-binaphthy! in ethanol solution have been determined in the region 208—320 nm.
Comparnson of the curves with those of substituted 1.1"-binaphthyis of established chirality leads to the conclusion
that the dextrorotatory (A = 589 nm) enantiomer of this, the parent, compound has the S-configuration. This
result is in accord with that arrived at by chemical correlation with a substituted 1,1’-binaphthy! in which the con-

figuration was assigned by X-ray crystallographic methods.

ON account of its optical Jability, the specific rotation of
optically pure 1,1’-binaphthyl in solution cannot be
known accurately: the highest values previously quoted
by different workers are 1,20 +245° in benzene-light

1

petroleum,! fo%., -£192° in benzene? iy, +104° in
tetrahydrofuran,® "ol,,. -+250° in dimecthylformamide,?
(dsge --220° in benzene®  The last two values refer to
specimens obtained by spontaneous enantiomeric crystal-
lisation from a melt, the others from de-amination of an
-optically active diamine. Since it seems that the
original preparative wmethod ! is as effective and as
reliable as any, we hoave continued teo use it.  On this
occasion the starring material was (- )-4,4'-diamino-
1,V-binaphthel, o, --457° (¢ = 0-164, 1= 05,
acetone); since this compound is also optically labile, it

nil Ann S, Mcllor, Chem. and 1lnd.,

1 Margaret M.t
atud Margaret M. Harris, J. Cheni.

1961, 1052, Aan 5,
Soc., 1463, 21385,

2 AW Colter o
651; J. cAmier, Cles Mo

. ML Clemens, J. Phys. Chem., 1934, €8,
, 87, 847,

was kept in solution for as short a time as possible with
the working temperature kept as low as was practically
feasible (ca. 0°) during the preparation and purification
of the produrt. When the 1,1’-binaphthyl (m.p. 158%)
obtained wus shaken at 0° for 1-5 h in 96°; ethanol, a
solution was prepared which showed the following
specific’ rotations, e’ -F223°, adgys” =253% oye6”
+4177, (05" -+ H80°, Txlpe.? +8787 (¢ = 0-0336, [ =1).
However, if the binaphthyl was dissolved at room
temperature and the rotation read as quickly as possible,
(05753 was +203° (c = 0064, I = 0-3, 96°; ethanol).
In dioxan solution the variation with wavelength was
{0762 105, o o2 -+ 122, [0 038 12277, o, 23 - 311°,
[dygs®® +433° (c = 0-344, I = 0-5). In benzene "™

3 H. Akimoto, T. Shioiri, Y. litaka, and. 5. Yamada, Tetra-
hedron Letters, 1968, 97.

¢ R. 1i. Carter and L. Dahlgren, dcfa Chem. Scand., 1969,
504.

8 R. E. Pincock and K. R. Wilson, J. dmer. Chem. Soc., 1971,
63, 1291,
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was -4-268° (¢ = 0-038, [ = 0-5) and in tetrahydrofuran
{odge® was -+ 107° (¢ = 0-028, 1 = 0-5).

The correspondence between these values and those
previously published leads to the speculation that, in the
crystallisation of optically impure 1,1’-binaphthyl from
solution, there is an element of spontaneous optical
purification, as has been observed from the melt, and
that these specific rotations represent a fairly close
approximation to optical purity, apart from the loss due
to racemisation whilst the rotation is measured. We
have used this sample to determine the o.r.d. and c.d.
spectra, precautions being taken to conserve the optical
activity of solutions before and during the determin-
ations; even so, the values for o.r.d. and c.d. given by
the spectra are always less than would be given by an
optically pure specimen.

The u.v. spectrum of 1,1"-binaphthyl was cited in 1948
as evidence for the non-planarity of the molecule;
maxima at 2268 285,
and the absence of a separate band corresponding with
the * conjugation band’ of biphenyvl was noted. Re-
determination of the spectrum between 208 and 320 nm
in 96°, cthanol, has revealed more detail: 220 (e
108,000), 249 (4760), 262infl. (6210), 272indl. (9720), 283
(14,300}, 293-5 (14,000), and 313sh nm (3160). Naphtha-
lene itself has a strong band %, 220 nin, a moderately
intense band at 275 nm and a weaker band at 312 nm.

The o.r.d. spectrum was determined at 8° in 969
ethanol and the c.d. spectrum at 7° in ethanol. The c.d.
spectrum adds to the detail of the o.r.d. (see Figure) by
revealing two important bands of opposite sign, one
carryving a distinct shoulder, in the short wavelength
TegH L

Mislow and his co-workers have studied extensively
the v.r.d® and ¢.d.? spectra of several substituted 1,1°-
binaphthyls, recognising the twisted svstems as in-
herently disymmetric chromophores:  they make the
gencralisation that a positive Cotton effect centred at
285 nm corresponds with the R configuration in this
serics.  Using their criterion, the c.d. spectrum of 1,1°-
binaphthyl | (+)-rotatory at 75 shows a negative
Cotton effect in the 285 nm region and hence has the
S-configuration. This conclusion is in agreement with
the recent assignment, based on chemical correlation
with an optically active substituted 1,1’-binaphthyl,
which was found to have the S-configuration by X-ray
crystallographic methods.?

The other published data which are interesting for
comparison in the short wavelength region relate to
(—)-dimethyl-1,1"-bianthryl-2,2'-dicarboxylate. Badger
and his co-workers 1 determined the o.r.d. spectrum of
this compound and found it to have two Cotton effects

of upposite sign, a large negative one centred at 271 nm

¢ R. A. Friedel, M. Orchin, and L. Reggel, J. Amer. Chem.
Soc., 1948, 70, 199,

7 V. L. Frampton, J. D. Edwards, jun., and H. R. Henze,
J. Amer. Chem. Soc., 19438, 70, 2284,

¢y, Mislow, M. AL W, Glass, R, . O'Brien, P. Rutkin,
D. . Steinberg, J. Weiss, and C. Djerassi, J. Amer. Chem. Soc.,
1062, 84, 1455. 4

and 295 nm 7 were reported
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and a small positive one centred at 377 nm. By analogy
with Mislow's generalisation for 1,1'-binaphthyvls regard-
ing the Cotton effect at the longer wavelength, positive
in this case, they assigned the R-configuration to the
(—)-enantiomer. Shortly after, Grinter and Mason U
determined the c.d. spectrum of the same compound;
they found the expected positive c.d. absorption in the
region of the long wave band, and in the short wave
region where the u.v. spectrum showed split components,
found two strong circular dichroism absorptions, of
opposite sign.  The Cotton effects of the (+-)-1,1'-
binaphthy] bear a distinct resemblance to those of the
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UVwv, (——-), ord, (cre--- )., and c.d. (-~—--) spectra of 1,1’-
binaphthyl, [x];,s + 223:; the low-intensity parts of the
o.rd. and c.d. spectra are plotted on a ten-fold augmented
scale
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(—)-1,1"-bianthryldicarboxylic ester except that they
appear at shorter wavelengths and refer to the enantiomer
of opposite chirality. '
Hence all the available evidence leads to the conclusion
that the enantiomer of 1,1'-binaphthyl which is (+)-

rotatory in the visible region has the S-configuration.

EXPERIMENTAL

Optical rotations in the region 365—578 nm were taken |
with a Zeiss photoelectric precision polarimeter, with
temperaturc control. '

The u.v. spectrum was determined on a Unicam spectro-
photometer (SP 500) in 96°, ethanol; ¢ = 0-188—0-0188 |
g/l. 2 mm cell.

The o.r.d. spectrum was determined on a Perkin-Elmer
spectrophotometer (P.23), with temperature control at 8°

9 I{. Mislow, E. Bunnenberg, Ruth Richards, K. Wellman,
and C. Djerassi, J. dmer. Chem. Seoc., 1963, 85, 1342

10 G, M. Badger, R. J. Drewer, and G. E. Lewis, J. Chem. Suc.,
1962, 4208.

1L R, Grinter and S. F. Mason, Trans. Faraday Soc., 1964, 60,
274 (sce also S. F. Mason, ‘ Optical Rotatory Dispersion and
Circular Dichroism in Organic Chemistry,’ ed. Snatzke, Heyvden,
London, 1467, ch. 4.
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in 96%; ethanol, ¢ = 0-56—0-007 g/, 1 mm cell. O.rd.
data (=8 in parentheses): 208 (-78,000°), 214 (0°), 217
(—160,000°), 219 (—185,000°), 220 (—180,000°), 225 (0°),
230 (+98,000°), 255 (+49900°), 272 (+15,000°, 283
(+12,000°), 285 (411,500°), 290 (--5700°), 293 (-+4900°),
300 (+300°), 310 (+500°, 315 (4-800°), and 320 nm
(-+550°).

The c.d. spectrum was determined on a Fica Spectropol I,
with temperature control at 7° in ethanol, ¢ = 0-124—
0-012¢4 g/, 1 mm cell. - C.d. data (molar ellipticity [0] in
parentheses): 208 (—59,000), 214 (—590,000), 216
(—430,000), 218 (—370,000), 220 (0); 225 (+825,000),
240 (~0), 245 (~0), 250 (+ 2000), 255 (+ 1000), 260 (+3700),
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265 (0), 280 (—8100), 285 (—7800), 290 (—7600), 293
(—7000), 300 (—3600), 305 (—2300), and 310 nm (~0).
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