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A STEREOSPECIFIC SYNTHESIS OF 9,11-AZO-PGH; DERIVATIVES -
POTENTIAL INHIBITORS OF BLOOD PLATELET AGGREGATION

Martin F Ansell*a, Michael P L Catonb and Peter C Northa

a Department of Chemistry, Queen Mary College {(Unaversity
of London), Mile End Road, London El 4NS, England

b The Research Laboratories, May and Baker Ltd., Dagenham,
Essex, RM1O 7XS, England

Abstract The stereospecific synthesis of the novel 9,1l-azo-PGH; analogues 2 and 3 from the
bicyclic intermediate 9 1s reported

The 9,11-azo-PGH; analogue 1 1s a potent inhibitor of human blood platelet aggregation which
acts by blocking both thromboxane A (TXA,;) synthetase and the PGHy/TXA; receptors 1 Interestingly,
the simple bicyclic compounds 4 and 5, which lack both side chains, also exhibit anti-aggregatory
aCthlty2 whereas certain analogues lacking only the top side chain are 1inactive.’ These
findings prompted us to report our own work in this area and we describe herein a synthesis of
the novel 9,11-azo-PGH; analogues 2 and 3 which lack the bottom side chain and the 15-hydroxy
group of 1 respectively The synthesis proceeds via the key intermediate 9 which 1s easily
prepared and purified on a large scale without recourse to tedious chromatography (cf. ref. 1)

1

and can be used to prepare a variety of related analogues including the known™ TXA; 'synthetase

inhibitor,receptor blocker'
Clearly analogues 2 and 3 will provide a deeper insight into the structure-activity
relationship of this class of compound which in turn will define future objectives in the search

for anti-thombotic drugs
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Sequential treatment of cyclopentadiene with methyllithium (0.95 equiv., THF, 0°, 0.5 h)
followed by methyl 7-bromoheptancate (0.8 equiv., 23°, 4 5h) afforded a mixture of the 2- and 3-
alkylated cyclopentadienes 6 in 83% yield Treatment of crude 6 with dimethyl azodicarboxylate
7 (0 95 equiv., ether, 23°, 6h) gave a 43 57 mixture of the two i1someric adducts 8 and 9 1n
quantitative yield. Separation of the required isomer 2 was achieved by simply cocling a solution
of the isomeric mixture in ether (O 8 ml/g) at -4° for one to seven days which gave a crystalline
precipitate of 9 Filtration followed by one recrystallisation from ether afforded 9 both iso-
merically and analytically pureL+ 1in 45% yield from 6 (78% recovery) [m p 70-71°, NMR/CDCl3 §6 03
(1H, bs, C=CH), 65 04 (1H, bs, =CH), &4 98 (1H, bs, 3CH), &§3.77 (6H, s, CH30,CN), 83 65 (3H, s, CO2CH3),
§1 77 (2H, m, <€CHy»), “max/cm—l 1730, 1720, 1700, TLC (silica, ether) Ry O 53 -red colour with phos-
phomolybdic acid (PMA), cf isomer 8 Ry O 61 -blue colour with PMA]

Catalytic hydrogenation of 9 (Pd, THF) gave the reduced compound 10 (99%) derived from the
cis-addition of hydrogen to the least hindered exo-face of 2_5 Hydrolysis of 10 (KOH, HO(CHj)pOH,
120°, 5h) followed by the addition of excess ag. CuClp at pH 7 afforded the copper complex of 2
as an insoluble red precapitate Treatment of this complex with ag NaOH liberated the required
analogue 2 [m.p. 68-69°] 1n 76% yield from 9  Hydroboration - ox1dation® of 9 afforded the exo,
trans-alcohol ll_[BS%, m p 67-68°] which was treated sequentially with NaH (2 equiv , DMSO, 30°,
0 5h) followed by l-i1odoheptane (4 equiv , 23°, 7h) to give 12 (55%) Hydrolysis of 12 followed
by oxidation, as described above, gave the analogue 3 (51%) as a pale-yellow o1l Biological

svaluation of 2 and 3 wilil be reported at a later date 7
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SOME PECULIAR CASES OF 7-TELESUBSTITUTION BY ANIONIC PHOSPHORUS NUCLEOPHILES
ON 2-HALOTROPONES
Marino Cavazza,a'c Gioia Morgantl,a carlo A. veracinr '°
Antonio Guerrlero,d and Francesco Pietrad

(aIstltuto di Chimica Generale and bIstltuto di Chimica Fisica, Universita di Plsa,clstltuto di
Chimica Quantistica ed Energetica Molecolare del C N.R , 56100 Pisa, and dLaboratorio di Chimica,
Libera Universitd degli Studi di Trento, 38050 Povo-Trento, Italy)

Summary Both 2-chloro- and 2-fluoro[3,5,7-2H3]tropone were

found to react with lithium diphenylphosphide in tetrahydro-

furan to give 2—d1phenylphosph1no[4,6-2H2]tropone 1n what

constitutes the first example of telesubstitution by an ani-

onic nucleophile 1in a non-protic solvent on tropones carrying

nucleofugal groups, lithium diphenylphosphide oxide showed the

same behaviour.

In the course of our search for novel covalent adducts between bases and tropon01ds,1 we
needed a tropone carrying a dialkyl- or a diarylphosphino group at C--2.2
We report here on the synthesis of such an intermediate from 2-halotropones and lithium
diphenylphosphide which reveals peculiar cases of nucleophilic 7-telesubstitution with troponoids.
0] 0]
y4 X Ph,(A)P Z

LiP(A)Ph,

A 4

v THF Y

2a, Y=Z=H, A=n1l

o
=Cl, Y=D, Z=D 2b, ¥Y=D (and partial deuteriation at C-7),A=n1l
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2d, Y¥=D (and partial deuteriation at C-7), A=0

la,X

D

1b, X

le,X =F , Y=U, Z=H
L™

14,X

La—d Nt

§
Thus, to 2-chlorotropone (ig) (0.504 g, 3 6 mmol) 1in tetrahydrofuranﬁh(lo ml) was added,dropwise,

at room temperature under nitrogen, slightly less than one molar equivalent of lithium diphenylphos

4115



4116

phide (LiP th) The mixture, which immediately turned to yellow-brown, was evaporated in vacuo

to leave a tarry residue which was chromatographed on a Merck Kieselgel 60 P silica gel plate,

254
2 mm thick, eluant ethyl ether. The RF O 7 band gave 2a (0.45 g, yield 43%, based on the starting
lad
° CH_OH 1
1a)4:yellow crystals, mp 139-140 C:ruv,k 3 224, 306 nm, loge= 35, 28, H nmr,$5 (b)) =74

max 66
2
(4H,m), 7 O (6H,m), 7-6 (5H,m), 13C nmr, 6*186.73, 187.44, A§=-0.71 (4, J(pcc) = 16 5, 16 8, C-1),

139 54, 139 76, AS=-0 22(d,2£(PCC)= 4 8, 5.2, c-3), 138 33, 139 66, AS=- 1.33 (d,BE}PCCC)= 2.7,
2.7, ¢c-7), 135.42, 137 68, AS= - 2 26 (d,lg(PC) =13 3, 12 8, ¢c-2), 135.21, 135 06, AS=0.15 (poorly
1esolved d, C-4), 133.32, 133 36, AS=- O 04 (d,4l(PCCCC) =2.6, 2 9, c-5), (the signal for C-6 in
(CD3)2CO-CDCl3 was obscured by a phenyl resonance at 132 82), 133.10, Ad= -0 3 (s,C~6), and four
phenyl resonances, ms (EI, 70 eV), m/e(%) = 292 (3.1), 291 (21.2),290 (100). These 13C nmr data
are 1n accordance with structure 23 In particular, the two largest differential shifts (AS) allow
us to assign the two carbons in the o-position to the carbonyl group.3 Moreover, all other assign-
ments are compatlble with known trends for carbon to phosphorus coupllng.3 The data below for the
deuteriated analogue EE confirm this assignment.

Starting from 2—fluorotropone§(is), under the same conditions used for ls, we obtained 23
1n a lower, ca 10%, ylield (based on the starting if) * Both 1in this and in the above case no
other tropconoidal compound could be detected besides 23

The reaction of 2-chlorol3,5,7- 2H3]tropone4'§(£5) with lithium diphenylphosphide,under iden-
tical conditions to those used for 33 and ls, gave 2—d1phenylphosph1no[4,6—2H2]tropone (EB), parti-
ally (ca 20%) deuteriated at C-7, " yellow crystals, mp 14O°C,1-1n a ca 10% yield, ms(EI, 70 eV) m/e
(%) = 294(8 2), 293(44 7), 292(100), uv spectrum 1dentical to that °f,§3 Starting from 2-fluoro-
[3,5,7—2H3]tropone 4'§(£S), under the same conditions used for ls, the yield of EP was low, as in
the case of 25 from is, while the extent of deuteriation at C-7 was high (ca.60%), ms(EI, 70 eV},
m/e (%)= 294(19), 293(80), 292{100) 1In the reaction mixtures obtained from either EE or ié we could
not detect any other troponoirdal compound besides 29

In accordance with complete deuteriation at both C-4 and C-6, the 13C nmr spectra of 2? in

eirther 1 2 (CD3)2CO—CDC1 or C6D6 revealed only extremely weak, broad resonances at the values at-

3
tributed to C-4 and C-6 for 2a Structure 2b is also fully supported by the results in the accompa-
-~

—~
nying paper
Similar results were obtained with la or 1b and lithium diphenylphosphide oxide (LlP(A)Ph2=
—~ Ll
L1 P(O)th) to give, respectively, 2-diphenylphosphinyltropone (2c), mp 173°C, and 2-diphenylphosphi-
e V4
2
nyll4,6- H_] tropone (2d), mp 172°C, in 21% and 13% yields, based on starting ! Structures 2c
2 _~ ~ ~

13
and 2d are fully supported by the C nmr spectra in 1 2 (CD3)2CO—CDC1 . In particular, for 2c,
N —

3
2
§=184 8 (4, J(PCC) = 22 0, C=0), 145 1 (d,zngCC) =6 7, Cc-3), 142.5 (4, 3E(PCCC) =58, c-7),
4
137 3 (@, J(pcccc) =11, ¢~5), 135.5 (s,C-6), 133 1(d,3ngCCC)= 16.7, C-4). For 24, in accordance

with complete deuteriation at both C-4 and C-6, and partial deuteriation at C-7, no signals were de-
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3
tectable for eirther C-4 or C-6, while the doublet for C-7 (8§=142.5, J(PCCC) = 5 7) was much wea-

ker, and breadened, than with ZE
The whole body of the above results can be rationalized by the mechanism in the Scheme
which, for simplicity, is drawn for the case of lithium diphenylphosphide only. According to thas

Q 5
mechanism, the halogen X activates attack at C-7 by thP , to gilve the intermediate 3 That this

o ®
o SCHEME o L
D X R X
Ph,PLI Ph,p
D D
D D 2
1bor 1d
~ ~ Ph,PH(D)
0O
o) D H(D)
Ph2P H(D)
Ph,P X
Ph,P
Db  (-Ph,PD) D
D 2b D 4

0
step cannot be reversible 1s in accordance with the extremely low nucleofugic aptitude of Ph2P .

Therefore, 3 can only await for protonation at C-2 to give 4 We propose that the actual protonating
Pl

o~

0
agent is, at the beginning, Ph_PH, generated by the reaction of thp with traces of moisture Eli-

2
mination of DX from intermediate 4 by the available base (Ph2P and/or OH ) generates bideuteriated
P

2b Now, as Ph

~ 2

uteriated 2b The overall result 1s 2b partially deuteriated at the carbon vacated by the halogen
la A~

PD has become available, deuteriation can occur in the step 3 - 4, leading to tride-
Nt N

According to this view, 1t 1s the irreversibility of the 1+ 3 step that determines the C-7 regios-
-

pecifity for these reactions.

Financial support by both C.N R and M.P.I , Roma, is gratefully acknowledged.

FOOTNOTES

Freshly sublimed. Stored material, even in the cold, gave poorer yields
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'+-Freshly distilled from lithium aluminum hydride
0

Prepared by the addition of one molar eqguivalent of n~butyl lithium to Ph2PH

f'Satisfactory elemental analyses were obtained.

4t Yields of’% varied somewhat from run to run, under identical experimental conditions The yi-
elds reported here represent the mean values from several runs and have actually to be compa-

red with the maximum theoretical yield for 2 which, according to the mechanism at the Scheme,

2
~ 5

1s 50% A lower yield for the reaction of 2-fluoro- VS.2-chlorotropone has no precedent. AcC-
tually, the reverse order of yields was always found for ipso-nucleofilic substitutions of fluo-
rine We believe that the present reaction of 2-fluorotropone 1s disfavoured with respect to
that of the chloro-analogue, because the rate is limited by the elimination of HX from C-7 —

5
C-2. In fact,elimination of HF 1s expected to be more difficult than elimination of HCl

13

a;d 1s given in ppm with respect to internal SiMe, as reference while J 1s given in Hz The C

4
13
nmr spectra are fully proton decoupled 1In the case of 2a the C chemical shifts are reported
ta
first 1nal 2 (CD3)2CO—CDC13 solvent mixture and then in C6D6' followed by the differentaal
13
shift (AS) and, within parenthesis, by the multiplicity and the coupling constants of = C to

1
P 1n the two solvent media, 1s the order given above
)(The extent of deuteriation at C~7 varied from run to run, under the same experimental conditions
A higher deuteriation extent at C-7 when starting from ld than 1b may well reflect other, contin-
o~ "o

gent causes than the presence of fluorine in the place of chlorine,as will be apparent from the

ensuing discussion in the text.
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A NEUTRAL, ISOLABLE COVALENT ADDUCT BETWEEN PIPERIDINE AND A TROPONOIDAL PHOSPHONIUM SALT
A PECULIAR ACYLPHOSPHORANE
a,c a a d
Marino Cavazza, Gioia Morganti, Carlo A Veracini, and Francesco Pietra
b . c
(aIstltuto di Chimica Generale and Istituto di Chimica Fisica, Universita di Pisa, Istituto di
d
Chimica Quantistica ed Energetica Molecolare del C N R, 56100 Pisa, and Laboratorio di Chimica,

Libera Universitd di Trento, 38050 Povo-Trento, Italy)

Summary The phosphonium salt obtained by P-methylation of 2-diphenyl=-
phosphinotropone with methyl iodide was found to underge C-7 addition
by piperidine, and loss of hydrogen iodide, to give an acylphosphorane
which could be isolated, the regiospecificity of piperidine addition

was proven by deuterium labeling at the troponoid ring

In our search for novel O-adducts between troponoids and bases,1 tropones bearing either a
quaternary ammom.um2 or a sulphonlum3 substituent at C-2 gave particularly interesting results
We now report on the reaction of a related phosphonium salt with piperidine, leading to a peculiar
acylphosphorane

The reactions of either 2-iodo- or 2-chlorotropone with triphenylphosphine or tri-n-butyl-
phosphine, i1n a variety of solvents, under nitrogen, only led to untractable tars However, when
2-diphenylphosphinetropone 4 (O 2 g, O7 mmol) in dry ethyl ether (10 ml), under nitrogen, was ad-

ded of methyl 1odide (0.215 g, 1 5 mmol), an orange-brown powder immediately precipitated, which
CH

( 3)250
) ) max

335, 311, 295 nm, H nmr, 87 ((CD,),S0) 8-7 (15H,m), 3 O (3§, 4, "J(PCH) = 13 B Hz, CH.), 13¢ e,
§

proved to be the desired quaternary phosphonium salt la' (0 28 g, 97 %) Mp 98-101°C, uv,XA
-

3 1
8 ((CD3)ZSO) 184 8 (4, J(pPCC) = 6.0 Hz, C=0), 120 8 (4, J(PC) = 89.6 Hz, C-2), 8 9 (d,lg(PC)

= 57 4, CH3), while the signals for the other carbons were difficult to assign

2
lb  Was prepared analogously, in a comparable yield, from 2-diphenylphosphino [4,6~ Hzltropo—

4 1 * 2
ne H nmr, § ((cp,),s0) 8-7 (13K, m), 3.0 (3H, d, J(PCH) = 13.8 Hz, CH,)

On addition of a few drops of piperidine to a ca O 32 M solution of 19 in dry (CD3)2SO,under
1
nitrogen, both the H nmr signals and the uv absorption bands due to la immediately disappeared
~

while the colour of the mixture turned to deep-green and the following signals attributable to the
(CH3)2SO

1
acylphosphorane 2a (Scheme) appeared Uv, A 312 nm, H nmr, 6#:(CD3)2SO) 7 6 (10H, m, phenyl
~ max

5
protons), 6 1 (1H, m, = 9.0 Hz, J(PCCCCH)= 1 5 Hz, H-5), 5 7 (2H, m, in which a doublet with

J
- 5,6

3
J(PCCH) = 11 7 Hz could be seen, H-3 and H-4), 5 1 (iH, 44, 2-6 5 =9 O Hz and J 6.7 = 6 O Hz, H-6),
! ’

2 13 §
26 (3H, d, J(PCH)= 14,0 Hz, CH3), C nmr, § ((CD3)ZSO) 177.5 (4, "J(pCC) = 6 O Hz, C = 0), 133

4119
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and 129 (series of signals for o-, m-, and p-C of the phenyl groups), 126 7 (s, C=5), 125 4
1 3
(d, J(pc) = 15 O Hz, possibly phenyl C-P), 118.6 (s, C-6), 115 8 (4, J(pPCCC) = 16.4 Hz, C-4),
1 1
77 7 (d, J(pC) = 104 5 Rz, C-2), 74 9 (4, 2Q(PCC) = 10 4 Hz, C-3), 53 3 (s, C-7), 10 4 (4, J(PQ)

=629, CH3)

SCHEME

®©
(Me)Pn2

X -~

la X =2 =H 2a X=2Z2=1H

favd -~

lb X = D (and partial deuteriation at C-7) 2b X = D (and partial
e d L d

deuteriation at C-7)

Addition of piperidine, following the above lines, to a sample of 19 obtained from 2-chloro-
[4,6- 2H2]tropone, partially (ca 20%) deuteriated at C-7, 4 gave EP. Consistently with the presence
of a deuterium at both C-6 and C-4 in 29, no 1H nmr signal appeared at § 5 1 and a simple doublet,
with 3g_(PCCH) = 11 7 Hz, appeared at § 5 7, while all other 1H nmr signals were quite similar to
those reported for EE Furthermore, in accordance with such a deuteriation pattern, the 13C nmr
spectrum for 29 revealed only extremely weak, broadened signals at both § 118 6 and 115.8, whereas
all other 13C nmr signals were similar to those reported for 23 )

The structural assignement was further confirmed by isolating both 23 and 2? and by running
their 1H nmr spectra in hexadeuteriobenzene in the absence of free piperidine in excess, This al-
lowed us to i1dentify the signals for both H-7 and the bound-piperidine protons which were buried
by the signals due to the free-piperidine protons in the spectra reported above for 29 and 29 Thus,
always working under nitrogen, a solution of 25 in (CD3)2SO was added of chloroform, washed with
water, and the green-coloured organic layer was separated, dried over sodium sulphate, and evapora-
ted at reduced pressure By taking great care of always having free piperidine present in traces
(which was ensured by adding piperidine during the work-up), dark-green, solid 29 could be i1scla~

1 5
ted H nmr, 64:(C6D6) 7 0 (10H, m, phenyl protons), 6 4 (lH, m, J 56 = 9 3 Hz, ~J(PCCCCH) = 1.5
’
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3
tiz, H-5), 5 9 (24, m, in which a doublet with J(PCCH) = 12.0 Hz could be seen, H-3 and H-4),
= = 6.0 Hz, H-6 34 (11, 4, J =6 O Hz, H~-7), 3 0
5 7 (14, 44, £'6,5 9 3 Hz and J 6,7 z, H-6), ( 96 z )
(44, m, N-CH_- ), 2.0 (3H, &4, J(PCH) = 13.5 Hz, CH3), 1.4 (6H, CH2)

2 =

Similar experiments were carried out\with 29 In comparison with the H nmr spectrum OE,EE'
the 1H nmr spectrum of ZE in C6D6 lacked the & 5 77 signal, while the signals at § 6 4, § 5 9,
and § 3 4 became, respectively, a doublet with 5_J_(PCCCCH) =1 5 Hz, a doublet with 3Q(PCCH) =
12 0 Hz, and a singlet All other signals were quite similar to those reported above for EE Cle-
arly this 1s in full accordance with the deuteriation pattern proposed for EE.

It 1s i1nteresting now to consider the peculiar phosphoraneaa 1n the perpective of the long,
continuing debate about the electronic structure of phosphoranes To this concern, we have found
that on going from if to 2? in (CD3)2SO there 1s a high-field shift of the 31? resonance by 9 6
ppm, which indicates less positive charge at phosphorus with 23 than with if This observation,
together with the facts that on going from 35 to EE there 1s both a high-field shift of the

C-2 resonance and an increase in the P — C-2 coupling constant, point to an extended conjugation

from oxygen to phosphorus, as indicated by 2 in the Scheme This 1s 1n qualitative agreement with
Cad

5
the conclusions drawn for typical phosphoranes and acylphosphoranes from both spectral data 2 and

calculations ~ '

We thank both CN R and M P I , Roma, for financial support

FOOTNOTES

+-Satlsfactory elemental analyses were obtained

# In ppm, with respect to internal SJ.Me4 as reference (100 MHz for 1H and 25 MHz for 13C).
Fully proton decoupled spectrum.

-§'Nelther broadening nor weakening of the C-7 signal could be appreciated, which 1s compatible
with the low extent of deuteriation at this carbon (see also the accompanying paperq)

4 Unfortunately, since with both 13 and £P most nmr signals were superimposed with cone another,
we do not have indications about the extent of the shielding for corresponding hydrogens and
carbons, on going fromli toﬂg Therefore, we lack informations about the extent of negative
charge dispersal on the seven-membered ring w1th’a In view of previous experience with related
compounds,1 it might well be, however, that the entire seven-membered ring enters the conjuga-

tion, as 1s shown by the following canonical forms for 2a
Lo d
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A NEW GENERAL METHOD OF «=-AMIDO-ALKYLATION

J. MORTON, A RAHIM AND E,R.,H. WALKER*

ICI Pharmaceuticals Division, Alderley
Park, Mereside, Macclesfield, Cheshire

Summary : N-(l-p-Toluenesulphonyl-alkyl) amides, which are readily prepared from an aldehyde,
an amide and sodium p-toluenesulphinate, are versatile a-amido-alkylating agents for sulphur
nitrogen and carbon nucleophiles.

Nuenn ™ Np "' + =NR "t )
r =NF - )

ompoun ype =H, X=halogen, -CH, =OR" , = R" , -NHCOR" , -NR, or -NR, are
1
members of a well known, synthetically important class of a-carboxamido-methylating agents .
RCONH _ 1/>< RCONH YNHCOR RCC N
1 1
R R R'

(1) 2) (3)

Attempted extension of this class of synthon to the preparation of a-carboxamido-alkylating
agents (1, R'#H) fails in all but a few exceptional cases, being restricted almost exclusiv=-
ely to the use of N,N'-alkylidine and N,N'-arylidine-bisamides (2, R'=alk and R'=aryl respec-
tively). We now report the synthesis of a series of sulphones (4), 1n which the groups R and
R' can be aryl, alkyl and substituted alkyl and their use in the a-carboxamido-alkylation of
thiols, amines and carbon nucleophiles., The sulphones (4) are therefore electrophilic syn-

thons for the &-carboxamido alkyl moiety (3) and their ready synthesis fills a gap in present

odo
The sulphones (&) are prepared2 by condensation of an amide, an aldehyde and sodium p-toluene
a

ite 1n the presence of formic acid, and are stable crystall solads (eq 1),

RbCth-%-CHO + NasO, .lfj/ "“'RCOI\H\/ ,©/ (Equ
R’ R
(4)
Table 1 lists the sulphones prepareda,generally we find that aliphatic amides condense more

slowly than benzamide, presumably due to the less nucleophilic amide nitrogen atom,

TABLE 1
Y
RCONH YSOz A
R'
R = Ph Ph PhCH, Ph Ph CH3 CH3
| B
R' = PhCH2 PhCHZCH2 PhCH2 CH3CH2 Ph PhCH2 (CH3)2CH
% Yield 29 60 21 54 40 20 21 (Yields are not optimised)
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These sulphones are versatile a-amido-alkylating agents, reacting readily with sulphur,
nitrogen and carbon nucleophiles to give the corresponding ®-amido-alkylated products.
N-p-Toluenesulphonylmethyl acetamide (4,R=CH3,R'=H) reacts with benzyl thiol 1in the presence
of potassium t-butoxide to give the thio-ether (5)5. In connection with other work we
wished to extend this reaction to functionalised thiols, However, under these conditions
t-butyl 3-mercapto-isobutyrate (6) failed to react with N(1-p-toluenesulphonyl-3-phenyl~
propyl)-benzamide (4,R=Ph,R'=(CH2)2Ph) to give the expected thio-ether (7) because the pot-
assium salt of the thiol (6) 1s unstable and decomposes before sulphinate displacement

~ I i H
CHyCONH S _Pn S codsy P“CON“P{E\)dcootBu

occurs,

Ph
{5) &+ 7)

We have investigated the use of alternative bases and find that while triethylamine fails to
give significant amounts of the product (7) ,the use of the more powerful base tetramethyl-
guanidine (pKa 13.4) gives (7)12 as a mixture of diastereoisomers in 96% yield.

Using the other adducts (Table 1) a range of thlo-ethers13 (9) can be prepared 1n high yield
Two possible alternative mechanisms to account for the formation of thio-ethers of type (9)
are, (a) an elimination of toluene sulphinic acid, to give an acylimine intermed:iate (8),

which 1s trapped by thiol to give the observed product and, (b) a direct S 2 sulphinate

N
displacement,

N
ol e
RCON} £S0)

Q. _u
r (© TSR
V \b
RCON== R"SH RCONH._ _SR"
[ =) Y

(8) (9)

We have not 1investigated which of these two mechanisms 1s operating. However, the following
observations are relevant., The sulphinate group of N-p~toluenesulphonylmethyl formamide can
be displaced by thiophenol 1n the presence of weak bases such as trlethylamlne6 to give thio
ether (10). However alkyl thiols, such as benzyl thiol and (6), require strong bases such as
potassium t-butoxide or tetramethylguanidine to initiate reaction. Thus the acidity of the
thiol governs the base required a d this suggests that formation of the thiolate anion 1s
required for reaction to occur, Provided that attack on the acylimine (8) 1s not rate
determining these observations favour mechanism (b) under these conditions, because the

base required to 1initiate mechanism (a) would be independent of the thiol used.

The reaction can be extended to other nucleophiles., Thus primary amines, like S-alanine
benzyl ester react with N-(1l-p-toluenesulphenyl-2-phenylethyl) benzamide (4, R;Ph,R'=CH2Ph)
in the presence of tetramethylguanidine to give the acyl aminals (11), as an easily separable

mixture of d1astere01somers7 (71% y1eld) and represents an efficient method of preparing
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peptides containing "retropeptide” sequences8

OHCNH<_SPh PhCONH ){ vcoo/\P

(10) )
COCEt
PNCONH
ookt Pmo““)/\
Ph~ Ph
(12) (13)

Carbon nucleophiles can also be readily a-amido-alkylated., Reaction of N-(1-p-toluenesul-
phonyl-2-phenylethyl) benzamide (4,R=Ph, R'=CH Ph) with diethylmalonate 1n the presence of
sodium hydride 1in tetrahydrofuran gives the racemic substituted malonate (12) in 78% yield
and treatment with ethyl magnesium bromide (solvent THF) glveslo the benzamide (13) (51%)
Thus the sulphomnes (4), which are readily prepared from an aldehyde, amide and sodium
p-toluene sulphinate, are versatile a-amido-alkylating agents for sulphur, nitrogen and
carbon nuclecphiles.

A typical sulphone preparation is as follows - Freshly distilled phenylacetaldehyde (104g),
benzamide (96.8g) and sodium p-toluene sulphinate (171.2g) were dissolved 1in a mixture of
water (21) and formic acid (200ml) in an 1nert atmosphere of argon. The mixture was refluxed
for 2 hours and the yellow crystalline solid 1solated by filtration. Recrystallisation from
methanol/chloroform gave the product N-(l-p-toluenesulphonyl-2-phenylethyl) benzamide (87g)
as a white crystalline solid m,p, 150-2°,

In a typical thioether preparation N-(l-p-toluenesulphonyl-3-phenylpropyl)-benzamide (0.39g)
was dissolved in methylene dichloride (5ml) and the thiol (6) (0.2ml) and tetramethyl-
guanidine (0.5ml) added., The reaction mixture was stirred for 2 hours. The product (7) was
1solated by pouring the reaction mixture 1nto methylene dichloride (50ml) washing with water,
drying over sodium sulphate and evaporating to dryness to give the product (7), which was
.ssentially pure by thin layer chromatography, as an o1l (0.39g).
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METHODS FOR THE HOMOLOGATION OF BENZOFURANCARBOXYLIC
ACIDS USING DIANIONIC INTERMEDIATES

Cheryl D. Buttery, Davad W. Knight*, and Andrew P. Nott.

Department of Chemistry, University Park,

Nottingham, NG7 2RD, England.

Summary: Dianions (2), (5), and (10), can be derived from the
corresponding benzofurancarboxylic acids using lithium diisopropylamide,

and are useful intermediates for the homologation of the parent acaids.

The benzofuran nucleus occurs in a diverse range of natural products.
Some of these compounds together with many synthetic benzofurans have
significant pharmocological activities.! We report herein new methods for
the homologation of various benzofurancarboxylic acids based on the intermedi-
acy of dianionic species, derived from the parent acids by metallation using

lithium diisopropylamide (LDA).

In common with many heterocycles,? benzofuran itself undergoes direct
metallation at the carbon a« to the heteroatom, when treated with n-butyl-
lithium? or LDA3, to give 2-lithiobenzofuran. This useful intermediate can
also be obtained from 2-bromobenzofuran by halogen-lithium exchange with
n-BuLi.%rS It was therefore anticipated® that 3-benzofurancarboxylic acid
(1)7 could give rise to dianion (2) on treatment with two equivalents of a
strong base. In the event, reaction between (1) and 2.1 equivalents of LDA
in tetrahydrofuran (THF) at -78° for 0.5h., gave an orange solution which was
instantly decolourised on addition of chlorotrimethylsilane. Acidic work-up
then gave the 2-trimethylsilyl deravataive (3a) 1in virtually quantitative yield.
The material was pure according to its !H n.m.r. spectrum; subsequent
crystallisation gave analytically pure (3a) in ca. 80% yield.® sSimilar
reactions with benzaldehyde and heptanal were slower, but after allowing the
reaction mixture to warm to room temperature, (3b) and (3c) respectively
were obtained in ca. 75% 1solated yield. Unfortunately, attempted alkylations
of (2) with ethyl 1odide failed to give more than traces of (3d) under a
variety of conditions. Alkylations of dianions related to (2) have also been
found to be unsatisfactory.® On warming, the dianion (2) was slowly
protonated (THF as proton source?); for example, when a solution of (2) was
allowed to reach 0°C during 0.5h., then quenched with Me3SiCl, only a 35%

conversion to (3a) occurred, the remainder of the product being starting
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material (1).

We have also investigated the possibility of utilising this method for
the homologation of benzofuran-2-carboxylic acid (4a).? Dean et.al.® have
reported that (4a), on treatment with 2 equivalents of LDA followed by CO,,
gave a good yield of benzofuran-2,3-dicarboxylic acid together with some of
the acetylenic acid (6a), arising from ring opening of the intermediate
dianion (5a). We have been unable to extend the utility of thais reaction;
attempts to trap dianion (5a) with a variety of electrophiles (Me3SiCl, MeI,
RCHO) all failed to give more than traces of the desired products, even when
the reactions were carried out at low temperatures (< -90°C). 1In all cases,
the major or exclusive product was the acetylenic acid (6a).“r3  Indeed,
treatment of a benzofuran-2-carboxylic acid with 2.1 equivalents of LDA at
-78°C, followed by warming to room temperature 1s, in our opinion, an
effective method for the preparation of (2-hydroxyphenyl)propynoic acids (6)!

By contrast, metallation of 5-methoxybenzofuran-2-carboxylic acid (4b) ?
using LDA at -90°C followed by the addition of methyl i1odide, benzaldehyde, or
n-heptanal gave the desired products, (7a), (7b}, and (7c) respectively, in
ca. 90% yield accompanied by, at most, only traces of the ring opened product
(6b) . Presumably, the "para" methoxy group stabilises the intermediate dianion
(5b) , with respect to ring opening, by causing the furan oxygen to be a
poorer leaving group than in the unsubstituted dianion (5a). Similarly,
dianion (5d), in which the methoxy substituent i1s ortho to the furan oxygen,
could also be trapped by the same electrophiles at -%0°C to give (8a), (8b),
and (8c). 1In these cases, the stabilising effect was not so great and the
ring-opened product (6d) was present to an extent of ca. 20% in the isolated
products. Nevertheless, the desired products (8a-c) could be obtained in
50-60% yield after chromatography. In line with these observations, the
6-methoxy acid (4c),® in which the methoxy group is meta to the furan oxygen,

underwent rapid ring opening at -90°C to give only the acetylenic acid (6c).

In an attempt to circumvent the problem of ring opening in benzofuran-2-
carboxylic acid (4a), we investigated the possibility of forming a dianionic
species (10)10, from 3-methylbenzofuran-2-carboxylic acid (9)1!. We were
pleased to find that the braight-red dianion (10) could indeed be obtained and
that 1t coupled with a range of electrophiles to give the desired products
(1la-e) in ca. 90% isolated yields. We have found that these reactions are
best carried out using 2.1 equivalents of LDA in THF at -10°C. 1In contrast to
the vinyl carbanions (vide supra), dianion (10) also reacted very efficiently
with ethyl i1odide, to give (llg) 1n 80% yield, and with 1,2-epoxybutane to
give (11f) 1in 93% yield. Thus, this method appears to have considerable
potential for the efficient synthesis of many 3-substituted benzofuran-2-

carboxylic acads.
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1.
AN EFFICIENT SYNTHESIS OF HEXA-SUBSTITUTED
BENZENES AND THE DISCOVERY OF A NOVEL HOST
CONFORMATION FOR HEXAKIS (B-NAPHTHYLTHIO) BENZENE

David D. Machcol*, Paul R. Mallinson, Anthony Murphy, and Gordon J. Sym
Department of Chemistry, University of Glasgow, Glasgow G12 8QQ, Scotland

Summary. The title host molecule (III) has been synthesised by reaction of
hexachlorobenzene with an excess of the sodium salt of g-mercaptonaphthalene in
1,3-dimethyl-2-1midazolidinone (DMEU) as solvent; other hexakis(arylthio)-
benzenes, hexakis (phenoxy)benzene (IV), and hexak:is(phenylseleno)benzene (V)
were prepared analogously from hexahalobenzenes, HMPA being used as solvent 1in
the last case. An X-ray aralysis of the channel-type adduct of (III) with 1,4~
dioxXan as guest reveals a unique host conformation in which the side-chains are
not situated alternately above and below the plane of the central benzene ring.

Although considerable attention has been focused on the study of hexa-

host1 molecules with a two or more atom link X joining the outer rings (G) to

the central benzene ring, general formula (I), the important one-atom class has

R
S
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OPh SePh
PhOZ\\0OPh PhSe ~\SePh
PhO oeph MV PhSe JSePh (¥

OPh SePh

been comparatively neglected due to synthetic dlfflcultles.2 This latter class
1s of particular interest owing to 1ts close formal resemblance to the (OH...O)
hydrogen-bonded hexameric unit found in the clathrates of phenol, hydroquinone,
Dianin's compound and related systems.5 Greatly encouraged by a recent report6
by Tiecco and colleagues of complete substitution of CGFG and C6C16 by 1-PrSNa
in HMPA, to give C6(SPr1)6 in high yields, we i1nvestigated the action of the

arenethiolate salt PhSNa on C_.Cl

6776
all the chlorine atoms giving, after appropriate work-up, a 90% yield of pure

and found remarkably facile displacement of

C6(SPh)6, (IIa), entry 5 in Table. The first example of a hexakis(arylseleno)-
benzene was prepared analogously, reaction of PhSeNa with C6C16 (Table, entry 6)
furnishing a 51% yield of hexakis (phenylseleno)benzene (V), which on recrystal-
lisation from pentachloroethane containing excess CBr4, gave the CBr4 adduct of
(V) as beautiful orange rhombs, m.p. 195-196°C, (after apparent guest loss at
ca. 100°C), a host/guest ratio of 1:2 being determined by microanalysis for
halogen.7

Wishing to avoid prolonged use of the known8 carcinogen HMPA, we sought an
alternative solvent capable of promoting efficient aromatic halogen displacement.
1,3-Dimethyl-2-imidazolidinone, dimethylethyleneurea (DMEU), was found to be a
remarkably effective, and probably much less toxic, substltute.9 Reaction of
C6F6’ C6Cl6, or C6Br6 with PhSNa i1n DMEU gave in each case a high yield pure
(IIa), entries 2-4 in Table; and the general nature of this substitution pro-
cedure 1s suggested by the analogous high yield synthesis, employing the sodium
salt of the appropriate arenethiol, of hexakis(p-t-butylphenylthio)benzene (IIc),
entry 7, and hexakis (g-naphthylthio)benzene (III), entry 1. The unique host
molecule conformation of (III) in 1ts 1,4-dioxan adduct 1s described below. To
our knowledge no hexakis (aryloxy)benzene has yet been reported and hexakis-
(phenyloxy)benzene (IV), an analogue of the hydrogen-bonded hexameric unit
present in phenol clathrates,10 appeared an attractive target. This hexaether,
whose potential inclusion properties are currently being studied, was obtained
as colourless needles, m.p. 277-280°C (with sublimation); in this case instead
of the normal ambient conditions a éemperature of 120°C was employed to effect

complete substitution,
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TABLE Conditions for complete substitution of hexahalobenzenes

a b
Entry No Product® Solvent Substrate, Time, Yield mp.
molar equivalents temperature
ArXNa
1 (I1I) DMEU C6Cl6, 12 5d, ambient 72% 194.5-195°C
2 (ITa) DMEU C6F6' 12 2d, ambient 86% 186.5-187°C

(llt.4 186-186 5°C)

3 (IIa) DMEU C6C16, 12 3d, ambient 96%

4 (IIa) DMEU C6Br6, 12 24, ambient 90%

5 {IIa) HMPA C6C16, 12 4d, ambient 90%

6 (V) HMPA C6C16' 12 4d, ambient 51% 195-196°C

7 (Iic) DMEU C6C16, 12 3d, ambient 76% 242-243.5°C
8 (IV) DMEU C6F6, 18 4d, 120°C 73% 277-280°C

a The minimum times required have not yet been established.

b. The yields are not optimised.

c. All new compounds gave a satisfactory microanalysis and had spectroscopic properties (1i.r.,
H n.m.r., and m.s.) concordant with their formulated structures.

1

Crystal structure of compound (III).
The host (III) forms a highly crystalline adduct with 1,4-dioxan, the host/

guest ratio determined by 1H n.m.r. being 1:1. The triclinic crystals have
o
a = 10.118(2), b = 15.172(2), ¢ = 20.379(5) A, « = 75.05(2), B = 82.64(2),

3 with two host and two guest

y = 68.45(1)°, space group ET, and Dc = 1.32 g cm’
molecules i1n the unit cell. A crystal measuring 0.1 x 0.15 x 0.05 mm, enclosed
1n a thin-walled glass capillary tube, was used for the measurement at 20°C of
9841 independent X-ray 1intensities (MOKa radiation) by a 6-w scan on a Nonius
CAD4 diffractometer. The structure was solved by direct methods employing 5100
X-ray intensities with 22 > 20(22), and refinement by least squares methods gave
a final R factor 0.048. During the course of the analysis all the host hydrogen
atoms were located and included in subsequent refinement. The guest hydrogen
atoms were not located.

Figure 1 shows a stereoview of the host molecule (III), which 1s located
1n a general position in the unit cell. 1In contrast with the trigonal conform-
4 clath-
rate, (III) 1s not constrained to have alternate disposition of side chains

ation of C6(SPh)6 which 1s located on a point of 3 symmetry in 1ts CCl

above and below the plane of the central ring: 1indeed, instead of having three-
fold symmetry the molecule approximates to the point group 92’ adjacent 'legs'
being found on the same side of the central ring, with a corresponding adjacent

pair on the opposite side. The molecular conformation is reflected in a signif-

The atomic co-ordinates for this work are available on request from the Director of the
Cambridge Crystallographic Data Centre, University Chemical Laboratory, Cambridge CB2 1EW.
Any request should be accompanied by the full literature citation for this communication.
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Figure 1. A stereoview showlng
the host molecule of hexakis-
(B=~naphthylthio)benzene 1n 1ts
1,4-d1oxan channel-type 1nclus-
1on compound. All hydrogen
atoms have been omitted for
clarity. The molecule has

approximate C, symmetry.

2

1cant distortion of the central benzene ring, which has an approximate two-fold
rotation axis. The retention of inclusion properties for (III), whose conform-
ation corresponds to an interchange of two adjacent 'legs' away from a trigonal
51tuat10n,5 1s of particular interest in view of the recent consideration by
Huang and Mak11 of the dominant role that two-fold molecular symmetry plays 1in

the architecture of the lattices of many inclusion compounds. Figure 2 shows a

Figure 2. A stereoview showing
the host-guest packing of the
adduct of (III) with 1,4-dioxan
as guest 1n the triclinic
crystal. The chair-shaped
1,4-d10xan molecules can be
seen to be located in continu-

ous voids 1in the structure.

stereoview of the host-guest packing; the host and guest molecules both occupy
general positions in the centrosymmetric structure. The 1,4-dioxan guest mole-
cules have a chair conformation and can be seen to be located in continuous

voids running through the crystal.
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