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Abstract The stereospeclflc synthesis of the novel 9,11-azo-PGH1 analogues 2 and 3 from the - - 
bxyclx Internedlate 9 1s reported - 

The 9,11-azo-PGHI analogue 1 1s a potent lnhlbltor of human blood platelet aggregation which _ 

acts by blocklng both thromboxane A2(TXA2) synthetase and the PGH2/TXA2 receptors ' Interestingly, 

the sxnple blcyclw compounds 4 and 2, which lack both side chains, also exhlblt anti-aggregatory - 

actlvlty2 whereas certain analogues lacking only the top sxde chain are lnactlve. 3 These 

flndlngs prompted us to report our own work in this area and we describe herein a synthesis of 

the novel 9,11-azo-PGH1 analogues 2 and 3 which lack the bottom side chain and the 15-hydroxy - - 

group of 1 respectively The synthesis proceeds via the key lntermedlate 2 whxh 1s easily 

prepared and purlfled on a large scale without recourse to tedious chromatography (cf. ref. 1) 

and can be used to prepare a variety of related analogues lncludlng the known1 Tm2 'synthetase 

lnhlbltor,'receptor blocker' 

Clearly analogues 2 and 2 will provide a deeper lnslght into the structure-actlvlty 

relatlonshlp of this class of compound which in turn ~111 define future ob]ectlves II-I the search 

for anti-thombotlc drugs 

1 R = OCH2CH(OH) (CH214CH3 
2 R=H 
5 R = O(CH2)6CH3 _ 

PGHl 

x-x 
4 o-o 
s N=N _ 
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6 I 8 9 10 X=H _ - - _ 
11 X=OH 

R = (CH2)6CO$H3 Y = CO2CH3 ii? X = O(CH2)6CH3 - 

Sequential treatment of cyclopentadlene with methylllthlum (0.95 equlv., THF, O', 0.5 h) 

followed by methyl 7-bromoheptanoate (0.8 equlv., 23', 4 5h) afforded a mixture of the 2- and 3- 

alkylated cyclopentadlenes 6 In 83% yield Treatment of crude 6 with dlmethyl azodlcarboxylate _ _ 

7 (0 95 equlv., ether, 23', 6h) gave a 43 57 mixture of the two lsomerlc adducts 8 and 9 In _ -- 

quantltatlve yield. Separation of the required Isomer 9 was achieved by simply cocllnq a solution - 

of the lsomerlc mixture In ether (0 8 ml/g) at -4' for one to seven days which gave a crystalline 

preclpltate of 9 Flltratlon followed by one recrystalllsatlon from ether afforded 9 both =so- - _ 

merlcally and analytically pure4 In 45% yield from 5 (78% recovery) [m p 70-71°, NMR/CDC13 66 03 

(lH,bs,C=CH), 65 04 (lH,bs, ?CH), 64 98 (lH,bs,;‘CH), 63.77 (6H, s,CH302CN), 63 65 (3H, s,COzCH3), 

61 71 (2H,m, tCH7_*), vma,/cm-l 1730,1720,1700, TLC (slllca, ether) Rf 0 53 -red colour with phos- 

phomolybdlc acid (PMA), cf isomer 8 Rf 0 61-blue colour with PMA] 

Catalytic hydrogenation of 9 (Pd,THF) gave the reduced compound 10 (99%) derived from the - - 

cls-addltlon of hydrogen to the least hlndered exo-face of 2 5 Hydrolysis of 10 (KOH,HO(CHz)>OH, - 

120°, 5h) followed by the addltlon of excess aq. CuC12 at pH 7afforded the copper complex of 2 - 

as an insoluble red preclpltate Treatment of this complex with aq NaOH liberated the required 

analogue 2 [m.p. 68-69'1 In 76% yield from 9 Hydroboratlon-oxldatlon6 of 9 afforded the exe, - _ - 

trans-alcohol 11 [85%,m p 67-68'1 which was treated sequentially with NaH (2 equlv , DMSO, x0', - 

0 5h) followed by 1-lodoheptane (4 equlv , 23", 7h) to give 12 (55%) Hydrolysis of 12 followed - - 

by oxldatlon, as described above, gave the analogue 3 (51%) as a pale-yellow 011 Blologlcal _ 

evaluation of 2 and 3 ~111 be reported at a later date 7 
- - 
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SOME PECULIAR CASEb OF 7-TELESUBSTITUTION BY ANIONIC PHOSPHORUS NUCLEOPHILES 
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2 
Summary Both 2-chloro- and 2-fluoro[3,5,7- H3ltropone were 

found to react with llthlum dlphenylphosphlde In tetrahydro- 

furan to give 2-dlphenylphosphlnoC4,6-LH21tropone In what 

constitutes the first example of telesubstltutlon by an anl- 

onlc nucleophlle In a non-protic solvent on tropones carrying 

nucleofugal groups, lithium dlphenylphosphide oxide showed the 

same behavlour. 

1 
In the course of our search for novel covalent adducts between bases and troponolds, we 

needed a tropone carrying a dlalkyl- or a dlarylphosphino group at C-2. 
2 

We report here on the synthesis of such an lntermedlate from 2-halotropones and lithium 

dlphenylphosphlde which reveals peculiar cases of nucleophlllc 7-telesubstltutlon with troponolds. 

0 

LIP(A)Ph, 

V THF V 

V 

la,X = Cl, Y = H, Z = H 
N 

lb,X = Cl, Y = D, Z = D 
- 

2,X = F , Y = li, Z = H 

ld,X = F , Y=D,Z=D 

2a, 
- 

2, 

2c, 

2, 

Y=Z=H. A=nll 

Y=D (and partial deuterlatlon at C-7),A=n11 

Y=Z=H, A=0 

Y=D (and partial deuterlatlon at C-71, A=0 

0 
Thus, to 2-chlorotropone' (2) (0.504 g, 3 6 mmol) In tetrahydrofuran- (10 ml) was added,dropwlse, 

at room temperature under nitrogen, slightly less than one molar equivalent of llthlum dlphenylphos 
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0 
phlde (LIP Ph2) The mxture, which immediately turned to yellow-brown, was evaporated 1n vacua 

to leave a tarry residue which was chromatographed on a Merck Kieselgel 60 P 
254 

slllca gel plate, 

2 mm thick, eluant ethyl ether. The RF 0 7 band gave 2a (0.45 g, yield 43%, based on the starting 
rCr 

1 
2) f t yellow crystals, mp 139-140°C, uv,A 

CH30H 
224, 306 nm, logE= 3 5, 2 8, H nmr, + 6 max (C6D6) = 7 4 

13 
(4H,m), 7 0 (6H,m), 7-6 (5H,m), C mr, s*l86.73, 187.44, A&=-O.71 (d,2J(PCC) = 16 5, 16 8, C-l), 

139 54, 139 76, A&=-O 22(d,LJ(PCC)= 4 8, 5.2, C-3), 138 33, 139 66, A&=- 1.33 (d,=J(PCCC)= 2.7, - 

2.7, C-7), 135.42, 137 68, A&= - 2 26 (d,'J(PC) = 13 3, 12 8, C-2), 135.21, 135 06, A6=0.15 (poorly 

resolved d, C-4), 133.32, 133 36, A6=- o 04 (d,4g(PCCCC) = 2.6, 2 9, c-51, (the slgnal for C-6 in 

(CD3)2CO-CDC13 was obscured by a phenyl resonance at 132 821, 133.10, As= -0 3 (s,C-6), and four 

phenyl resonances, ms (EI, 70 eV), m/e(%) = 292 (3.1), 291 (21.2),290 (100). These 
13 

C nmr data 

are In accordance with structure 22 In particular, the two largest dlfferentlal shifts (Ah) allow 

3 
us to assign the two carbons In the a-posltlon to the carbonyl group. Moreover, all other asslgn- 

3 
ments are compatible with known trends for carbon to phosphorus coupling. The data below for the 

deuterlated analogue 2b confirm this assignment. 

Starting from 2-fluorotropone'(lc) , under the same condltlons used for la, we obtalned 2a 

In a lower, ca lo%, yield (based on the starting lc) 
* 

Both In this and In the above case no 

other troponoldal compound could be detected besides 2a 

The reactlon of 2-chloro[3,5,7- 2H31tropone 
4,§ - 

(2) with llthlum diphenylphosphide,under Iden- 

tlcal condltlons to those used for la and lc, gave 2-dlphenylphosphlno[4,6-2H21tropone (2b), partl- 

Xzllow Zystals, mp ally (ca 20%) deuterlated at C-7, 140°C, t In a ca 10% yield, ms(E1, 70 eV) m/e 

(%) = 294(8 Z), 293(44 7), 292(100), uv spectrum ldentlcal to that of 2a Starting from 2-fluoro- 

[3,5,7-2B31tropone 
4,s 

(Id), under the same conditions used for lc, the yield of 2b was low, as in 

the case of 2a from lc, while the extent of deuterlatlon at C-7 was high (ca.60%), ms(E1, 70 eV), 

m/e(%)= 294(19), 293(80), 292(100) In the reaction mixtures obtalned from either lb or Id we could 
Y - 

not detect any other troponoldal compound besides 2b 

In accordance with complete deuterlation at both C-4 and C-6, the 
13 

C nmr spectra of 2b in 

either 1 2 (CD3)2CO-CDC13 or C6D6 revealed only extremely weak, broad resonances at the values at- 

trlbuted to C-4 and C-6 for 2a Structure 2b 1s also fully supported by the results In the accompa- 

2 
nylng paper 

Slmllar results were obtained with la or lb and llthlum dlphenylphosphlde oxide (LiP(A)Ph2= 
u 'c 

f 
LI P(O)Ph_) to 

L2 
nylC4,6- ~~1 

give, respectively, 2-dzphenylphosphlnyltropone (2c), mp 173OC, and 2-dlphenylphosphl- 
.- 

tropone (Zd), mp 172'C, in 21% and 13% yields, based on starting 1 Structures 2c 
- 

17 
h 

and 2d are fully supported by the 

6=18:8 (d, 
2 

--C nmr spectra in 1 2 (CD3)2CO-CDC13. In particular, for 2c, 

J(PCC) = 22 0, C = 0), 145 1 (d,'J_(PCC) = 6 7, C-3), 142.5 (d, 3J(PCCC) = 5 8, C-7), - - 

137 3 (d, 
4 
<(PCcCC) = 1 1, c-51, 135.5 (s,C-6), 133 l(d,3J(PCCC)= 16.7, C-4). For 2d, in accordance 

with complete deuterlation at both C-4 and C-6, and partral deuterlatlon at C-7, no signals were de- 
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tectable for either C-4 or C-6, while the doublet for C-7 (6=142.5, 
3 
J(PCCC) = 5 7) was much wea- 

ker, and broadened, than with 2c 

The whole body of the above results can be rationallsed by the mechanism In the Scheme 

which, for slmpllclty, is drawn for the case of lithium dlphenylphosphlde only. According to this 

mechanism, the halogen X activates attack at C-7 by Ph_PO, to give the intermediate 3 
5 

That this 

0 

Dl \ 
X 

0 D 

lbor Id 
- ry 

1 

SCHEME O@ 
0 LI 

Ph,PLi 

Ph,P 

(-Ph,PD) 

II Ph,PH(D) 

Ph,P 

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

Therefore, 3 can only awalt for protonatlon at C-2 to give 4 We propose that the actual protonatlng 
h 

agent is, at the beglnnlng,Ph2PH, generated by the reaction of Ph2P 
0 

with traces of moisture E~J.- 

nunation of DX from lntermedlate 4 by the available base (Ph2P 
0 0 

and/or OH ) generates bldeuterlated 

2b No", as Ph2PD has become available, deuterlatlon can occur In the step 3 * 4, leadlng to trade- 
NY 

uterlated 2b The overall result 1s 2b partially deuterlated at the carbon vacated by the halogen 
- - 

According to this vie", It 1s the lrreverslblllty of the l+ 3 step that deterrunes the C-7 reglos- 

5 
N- 

peclflty for these reactions. 

Financialsupport by both C.N R and M.P.1 , Roma, is gratefully acknowledged. 

FOOTNOTES 

Freshly subllmed. Stored material, even in the cold, gave poorer yields 
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+- Freshly distilled from lithium alumrnum hydride 

0 

t 

Prepared by the addition of one molar equivalent of n-butyl llthlum to Ph2PH 

Satisfactory elemental analyses were obtained. 

f rr 
Yields of 2 varied somewhat from run to run, under identical experrmental condltlons The yl- 

elds reported here represent the mean values from several runs and have actually to be compa- 

red with the maximum theoretlcal yreld for2 which, according to the mechanism at the Scheme, 

5 
1s 50% A lower yield for the reaction of 2-fluoro- vS.2-chlorotropone has no precedent. Ac- 

tually, the reverse order of yields was always found for Ipso-nucleofllic substltutlons of fluo- 

5 
rune We belleve that the present reactlon of 2-fluorotropone 1s drsfavoured with respect to 

that of the chloro-analogue, because the rate is limited by the elimlnatlon of HX from C-7 - 

5 
c-2. In fact,ellmlnatlon of HF 1s expected to be more dlfflcult than ellmlnatlon of HCl 

+ 6 1s given In ppm with respect to internal SlMe 
13 

4 
as reference while J 1s given In Hz The C 

nmr spectra are fully proton decoupled In the case of 2a the 
13 

C chemical shifts are reported 
Y 

first In a 1 2 (CD~)~CO-CDC~~ solvent mixture and then In C6~6, followed by the differential 

shift (As) and, withln parenthesis, by the multipllclty and the coupling constants of 
13 

c to 

31 
P In the two solvent media, 1s the order given above 

# The extent of deuterlatlon at C-7 varied from run to run, 

A higher deuterlation extent at C-7 when starting from Id 

gent causes than the presence of fluorine rn the place of 

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 Carlo A Veraclnl, 

a d 
Marlno Cavazza, Gloia Morgantl, and Francesco Pletra 

(aIstltuto di Chlmlca Generale and 
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Summary The phosphonlum salt obtained by P-methylatlon of 2-diphenyl- 

phosphinotropone with methyl iodide was found to undergo C-7 addition 

by piperidlne, and loss of hydrogen iodide, to give an acylphosphorane 

which could be isolated, the reglospeclflcity of plperzdine addltron 

was proven by deuterium labeling at the troponold ring 

1 
In our search for novel U-adducts between troponoids and bases, tropones bearing either a 

quaternary ammonlumL or a sulphonlum' substituent at C-2 gave particularly lnterestlng results 

We now report on the reaction of a related phosphonlum salt with piperidlne, leading to a peculiar 

acylphosphorane 

The reactions of either 2-iodo- or 2-chlorotropone with triphenylphosphlne or trl-n-butyl- 

phosphlne, In a variety of solvents, under nitrogen, only led to untractable tars However, when 

2-dlphenylphosphlnstropone 
4 

(0 2 g, 0 7 mm011 In dry ethyl ether (10 ml), under nitrogen, was ad- 

ded of methyl iodide (0.215 g, 1 5 mmol), an orange-brown powder Immediately preclpltated, which 

proved to be the desxed quaternary phosphonium salt 2 t (0 28 g, 97 %I Mp 9%lOl'C, UV,~ 
(CH3)2S0 

1 * 2 
max 

335, 311, 295 nm, 

5+ 

H nmr, 6 ((CD3)2SO) 8-7 (15H,m), 3 0 (3H, d, J(PCH) 

6 ((CD3J2SO) 184 8 (d,3J(PCC) = 6.0 Hz, C = O), 

= 13 8 Hz, CH3), 13C nmr, 

120 8 (d,'J(PC) = 89.6 Hz, C-2) , 8 9 k&PC) 

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

t 
2 Was prepared analogously, in a comparable yield, 

4 1 
ne + 2 

from 2-dlphenylphosphlno C4,6-2H21tropo- 

H nmr, 6 ((CD3j2SO) 8-7 (13H, m), 3.0 (3H, d, J(PCH) = 13.8 Hz, CH3) 

On addrtion of a few drops of piperidine to a ca 

1 

0 32 M solution of 2 in dry (CD3j2S0,under 

nitrogen, both the H nmr signals and the uv absorption bands due to la immediately disappeared 
N 

while the colour of the mixture turned to deep-green and the following signals attributable to the 

acylphosphorane 2a (Scheme) appeared uv A (CH3)2So 312 nm. 
1 * 

'u max 
H nmr, 6 (C03)2SO) 7 6 (lOH, m, phenyl 

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

3 

6 1 (1H, m, J 5,6 

J(PCCH) = 11 7 HZ could be seen, H-3 and H-41, 5 1 (lH, dd, J 

2 6 (3H, d, 
2 
J(PCH)= 14.0 Hz, CH3), 

13 
C nmr, 'gf( (CD3j2SO) 17s.z':d: ~9P",:,a:d6~~1;:,=C6_0D::'l~J61' 

4119 
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and 129 (serves of signals for o-, m-, and p-c of the phenyl groups), 126 7 (s, C-S), 125 4 

1 3 
(d, J(PC) = 15 o Hz, possibly phenyl C-P), 118.6 (s, C-6), 115 8 (d, J(PCCC) = 16.4 Hz, C-4), 

1 1 
77 7 (d, J(PC) = 104 5 Hz, C-2), 74 9 (d, 

2 
J(PCC) = 10 4 HZ, C-3), 53 3 (s, C-7), 10 4 (d, J(PC) 

= 62 9, CH3) 

SCHEME 

(4'2'-C H 

'-C5HloNtf ,'O 
NJ-i 

m 

01 z 1 

‘-._* 

rsH1oN 7 ’ 2 

x 47 Pme) h2 

Y5 43/ 

la X=Z=H 2a X=Z=H 
W u 

lb X = D (and partial deuterlatlon at C-7) 
N 

2b X = D (and partial 
cv 

deuterlatlon at C-7) 

Addition of plperidine, following the above lines, to 

C4,6- 2H21tropone, partially (ca 20%) deuteriated at C-7, 
1 

of a deuterlum at both C-6 and C-4 in 2, no 
I 
H nmr sIgna appeared at 6 5 1 and a simple doublet, 

with 'g(PCCH) = 11 7 Hz, appeared at 6 5 7, while all other 
1 
H nmr signals were quite slmrlar to 

a sample of lb obtalned from 2-chloro- 
e 

4 
gave 2b. Consistently with the presence 

N 

those reported for 2a Furthermore, in accordance wrth such a deuterratlon pattern, the 
13 
C nmr 

'v 

spectrum for 2 revealed only extremely weak, broadened signals at both 6 118 6 and 115.8, whereas 

13 
all other C nmr srgnals were srmilar to those reported for 2a 

d- 
H 

The structural assignement was further confirmed by isolating both 2 and 2 and by running 

1 
therr H nmr spectra in hexadeuteriobenzene in the absence of free piperidine in excess. This al- 

lowed us to ldentlfy the signals for both H-7 and the bound-plperldlne protons which were burled 

by the signals due to the free-plperldlne protons in the spectra reported above for 2 and $ Thus, 

always working under nitrogen, a solutron of 2 in (CD3)2S0 was added of chloroform, washed wrth 

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, solld 2 could be Isola- 

1 
ted H nmr, 6 

* 5 
(C6D6) 7 0 (lOH, m, phenyl protons), 6 4 (lH, m, J 5,6 = 9 3 Hz, J(PCCCCH) = 1.5 
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3 
Hz, H-S), 5 9 (ZH, m, in which a doublet with J(PCCH) = 12.0 Hz could be seen, H-3 and H-41, - 

5 7 (lo, dd, J = 9 3 HZ and J = 6.0 Hz, H-61, 3 4 (1H, d, J = 6 0 Hz, H-7), 3 0 6 5 6,7 7,6 

(4H, m, N-CH2- 1: 
2 

2.0 (3H, d, _ J(PCH) = 13.5 HZ, CH~), 1.4 (6~, CH~) 

1 
Similar experiments were carried out with 2& In comparison with the H nmr spectrum of 2a, 

N 
1 

the H nmr spectrum of 2b in C D lacked the 6 5 77 slgnal, while the signals at 6 6 4, 6 5 9, yu 6 6 

and 6 3 4 became, 
5 

respectively, a doublet with J(PCCCCH) = 1 5 Hz, a doublet with 3J(PCCH) = - 

l? 0 HZ, and a singlet All other signals were quite slmllar to those reported above for 2a Cle- 
Cy 

arly this 1s in full accordance with the deuterlatlon pattern proposed for 2b. 
- 

It 1s lnterestlng now to consider the peculiar phosphorane 2 In the perpectlve of the long, 
h, 

contlnulng debate about the electronic structure of phosphoranes To this concern, we have found 

31 
that on going from la to 2a in (CD3j2S0 there 1s a high-field shift of the P resonance by 9 6 

n/ N 

ppm, which indicates less positive charge at phosphorus with 2a than with la This observation, 
N W 

together with the facts that on going from la to 2a there 1s both a high-field shift of the 
N 'v 

13 
C-2 resonance and an increase in the P - C-2 coupling constant, point to an extended con]ugatlon 

from oxygen to phosphorus, as lndlcated by 2 In the Scheme This is in qualltatlve agreement with 
N 

5a 
the conclusions drawn for typical phosphorancs and acylphosphoranes from both spectral data and 

calculations 5b" 

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

FOOTNOTES 

t Satisfactory elemental analyses were obtained 

+ 
1 13 

In ppm, with respect to Internal SlMe 
4 

as reference (100 MHz for H and 25 MHZ for C). 

§ 
Fully proton decoupled spectrum. 

-+ Neither broadening nor weakening of the C-7 slgnal could be appreciated, which 1s compatible 

4 
with the low extent of deuteriatlon at this carbon (see also the accompanying paper ) 

0 Unfortunately, since with both 12 and E most nmr signals were superimposed with one another, 

we do not have lndlcatlons about the extent of the shleldlng for corresponding hydrogens and 

carbons, on going from 1 to 2 Therefore, we lack lnformatlons about the extent of negative 
-W 

charge dispersal on the seven-membered ring wlth2 In view of previous experience with related 

1 
compounds, it might well be, however, that the entire seven-membered ring enters the con]uga- 

tlon, as 1s shown by the following canonical forms for 2a 
Cv 
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A NEW GENERAL METHOD OF cf-AMIDO-ALKYLATION 

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

ICI Pharmaceuticals Dlvlslon, Alderley 
Park, Mereslde, Macclesfleld, Cheshire 

Summary : N-(1-p-Toluenesulphonyl-alkyl) amldes, which are readily prepared from an aldehyde, 
an amide and sodium p-toluenesulphrnate, are versatile a-amldo-alkylatlng agents for sulphur 
nitrogen and carbon nucleophlles. 

Compounds of type (1, R'=H, X=halogen, -OH, -OR" , -0COR" , -NHCOR" , -NR2" or -NR3"+ ) are 

members of a well known, 
1 

synthetlcally Important class of a-carboxamldo-methyLatlng agents . 

RCONH, X 

Y 

RCONH 

Y 

NHCOR RCC:ei 

R’ R’ 
ut 

R’ 

(1) (2) (3) 

Attempted extension of this class of synthon to the preparation of a-carboxamldo-alkylatlng 

agents (1, R'#H) falls in all but a few exceptzonal cases, being restricted almost excluslv- 

ely to the use of N,N'-alkylldine and N,N'-arylldlne-blsamldes (2, R'=alk and R'=aryl respec- 

tlvely). We now report the synthesis of a series of sulphones (4), In which the groups R and 

R' can be aryl, alkyl and substituted alkyl and their use In the a-carboxamido-alkylation of 

thlols, amines and carbon nucleophlles. The sulphones (4) are therefore electrophlllc syn- 

thons for the a-carboxamldo alkyl moiety (3) and their ready synthesis flL1.s a gap In present 

synthetic methodology. 

The sulphones (4) are prepared2 by condensation of an amide, an aldehyde and sodium p-toluene 

sulphlnate In the presence of formic acid, and are stable crystalline sollds (eq 1). 

Table 1 Lists 

RCONH2+CY0 +Nati02 (Ec+d 

kl I+ 

(4) 

the sulphones 
4 

prepared ,generalLy we find that allphatlc amldes condense more 

slowly than benzamlde, presumably due to the Less nucleophlllc amide nitrogen atom. 

TABLE 1 

\ 

RCONH q 

Y 
5-02’~5- 

R’ 

R = Ph Ph PhCH2 Ph Ph CH3 
CH3 

R' = PhCH2 PhCH2CH2 PhCH2 CH3CH2 Ph PhCH2 (cH~)~~H 
% YleLd 29 60 21 54 40 20 21 (Yields are not optrmlsed) 
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These sulphones are versatile a-amldo-alkylatlng agents, reacting readily with sulphur, 

nitrogen and carbon nucleophlles to give the corresponding a-amldo-alkylated products. 

N-p-Toluenesulphonylmethyl acetamlde (4,R=CH 3,R'=H) reacts with benzyl thlol In the presence 

of potassium t-butoxlde to give the thlo-ether (5j5. In connectlon with other work we 

wlshed to extend this reactlon to functlonallsed thlols. However, under these condltlons 

t-butyl 3-mercapto-lsobutyrate (6) falled to react with N(l-p-toluenesulphonyl-3-phenyl- 

propyl)-benzamlde (4,R=Ph,R'=(CH2)2Ph) to give the expected thlo-ether (7) because the pot- 

asslum salt of the thlol (6) 1s unstable and decomposes before sulphlnate drsplacement 

occurs. 
CH,CONH vS,,?n HS&CO&, PhCONV 

Fh 

(5) (61 17) 

We have lnvestlgated the use of alternatlve bases and find that while trlethylamlne falls to 

give slgnlflcant amounts of the product (7),the use of the more powerful base tetramethyl- 

guanldlne (pKa 13.4) gives (7) 
12 

as a mixture of dlastereolsomers In 96% yield. 

Using the other adducts (Table 1) a range of thlo-ethers l3 (9) can be prepared In high yield. 

Two possible alternatlve mechanisms to account for the formatlon of thlo-ethers of type (9) 

are, (a) an ellmlnatlon of toluene sulphlnlc acid, to give an acyllmlne IntermedIate (8), 

which LS trapped by thlol to give the observed product and, (b) a direct SN2 sulphlnate 

displacement. 

/ 
a b 

\ 

[nC0N~~j R”SH RCONH .fR” 

(8) (9) 

We have not lnvestlgated which of these two mechanzsms 1s operatrng. However, the following 

observations are relevant. The sulphlnate group of N-p-toluenesulphonylmethyl formamlde can 

be displaced by thlophenol in the presence of weak bases such as trlethylamlne' to give thlo 

ether (10). However alkyl thlols, such as benzyl thlol and (b), require strong bases such as 

potassium t-butoxlde or tetramethylguanldlne to lnltlate reaction. Thus the acrdity of the 

thlol governs the base required a d this suggests that formatlon of the thlolate anion 1s 

required for reactlon to occur. Provided that attack on the acyllmlne (8) 1s not rate 

determlnlng these observations favour mechanism (b) under these condltlons, because the 

base required to lnltlate mechanism (a) would be Independent of the thlol used. 

The reactlon can be extended to other nucleophlles. Thus primary amlnes, like S-alanlne 

benzyl ester react with N-(1-p-toluenesulphonyl-2-phenylethyl) benzamlde (4, &Ph,R'=CH2Ph) 

In the presence of tetramethylguanldlne to give the acyl amlnals (ll),as an easily separable 

mixture of dlastereolsomers 
7 
(71% yield) and represents an efflclent method of preparlng 
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peptldes contalnlng "retropeptlde" sequences8. 

OHCNH 
i-! 

vSPh PhCONH +/COO *PII 

Ph iie 

(1C) (11) 

COOEt 
PnCONH 

-6 
Ph/ 

COOEt 
PhCON H 

(12) (13) 

Carbon nucleophlles can also be seadlly a-amldo-alkylated. Reactlon of N-(l-p-toluenesul- 

phonyl-Z-phenylethyl) benzamlde (4,R=Ph, R'=CH2Ph) with dlethylmalonate ln the presence of 

sodium hydride III tetrahydrofuran gives the racemlc substituted malonate (12j9 In 78% yield 

and treatment with ethyl magnesium bromide (solvent THF) lo gives the benzamlde (13)11' 4751%,) 

Thus the sulphones (41, which are readily prepared from an aldehyde, amide and sodium 

p-toluene sulphlnate, are versatile a-amldo-alkylatlng agents for sulphur, nitrogen and 

carbon nuclecphlles. 

A typlcal sulphone preparation 1s as follows - Freshly dIstIlled phenylacetaldehyde (104g), 

bevxamlde (96.88) and sodium p-toluene sulphlnate (171.2g) were dissolved in a mixture of 

water (21) and formic acid (200ml) in an Inert atmosphere ol argon. The mixture was refluxed 

for 2 hours and the yellow crystalllne solld Isolated by flltratlon. Recrystalllsation from 

methanol/chloroform gave the product N-(1-p-toluenesulphonJ1-2-phenylethyl) benzamlde (87g) 

as a white crystalllne solxd m.p. 150-Z'. 

In a typlcal thloether preparation N-(l-p-toluenesulphonyl-3-phenylpropyl)-benzam~de (0.39g) 

was dissolved In methylene dlchlorlde (5ml) and the thlol (6) (0.2ml) and tetramethyl- 

guanldlne (0.5ml) added. The reactlon mixture was stirred for 2 hours. The product (7) was 

Isolated by pouring the reactlon mixture into 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 011 (0.39g). 
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OHCNH~SO2 OHCNH,, S-Ph 

e.) 

6. T. OllJnsma, J.B.F.N. Engberts and J. Stratlng, Recuell, 1972, 9l, 209. 

7. Dlastereolsomer 1, C25H26N203. Theory, C, 74.7; H, 6.5, N, 7.0, Found, C,75.1; H, 6.5;N, 

6.5,n.m.r. In deuterlochloroform, 1.26, 3H, d, J=9 Hz., CH3 CH , 2.28, lH, s, NH, exchangea- 

ble with D20; 3.06, 2H, d, J=5Hz.,PhCH2CH ; 3.56 lH, q, J=9Hz., CH3m , 4.8b, 2H, q, J=15Hz., 

PhCH20; 5.26, lH, m, CONHC&NH, 6.38, lH, d, J=lOHz., CON, 7.1-7.86, 15H, m, aromatlc 

protons. Dlastereolsomer 2,n.m.r. In deuterlochloroform 1.256, 3H, d, J=9Hz., c&3 CH ; 2.26, 

lH, s, NH, exchangeable with D20; 3.08, 2H, m, PhCH2CH ; 3.66, 1H q, J=9Hz., CH3g ; 5.058, 

2H, s, PhCH20; 5,2E, lH, m, CONH-Cg-NH; 6.36, lH, d, J=lOHz., CONE; 7.1-7.88, 15H, m, 

aromatlc protons. 

8. M. Chorev, C.G. Wilson and M. Goodman, J.A.C.S., 1977, 99, 8075. 

9. C22H25N05, m.p., 137-8' Theory; C, 68.9, H, 6.5; N, 3.6: Found, C, 68.9; H, 6.5; N, 3.4. 

n.m.r. In deuterlochloroform; 1.256, 6H, quintet (2 overlapplng t), CH2CH3, 3.06, 2H, d 

quartet, JAB=14Hz., JAX=lOHz,JBX =8Hz,PhCH2;3.66,1H, d, J=4Hz..(EtOOC)2CH, 4,26,4H,sextet (2 

overlappIng quartets), EZCH3; 5.16, lH, m, PhCH3g , 7.2-7.98, llH, m, aromatlc protons 

and CONK. 

10. Treatment of 4-phenylsulphonylazetldln-2-one with ethyl magnesium bromide gives 4-ethyl- 

azetldln-2-one. T.Kobayash, N. Ishlda and T Hlraoka, J.C.S. Chem. Comm. 1980, 736. 

11. N.m.r. In deuterlochloroform; 0.96, 3H, t, CH2CH3; 1.56, 2H,sextet, CH2CH3, 2.86, 2H, 

d, J=8Hz., PhCH2; 4.36,1H, m, CONH-g ; 5.98, lH, bd, CONK, 7.1-7.88, lOH, m, aromatic 

protons. 

12. N.m.r. In deuterlochloroform, 1.26, 3H, m, CH3CH; 1.48, 9H, s, C(g3j3; 2.16, 2H, m, 

-CH2CH2Ph; 2.86, 5H, m, -Ss2-, PhC&I,-, CH3x ; 5.56, lH, m, -NH% ; 6.46, 1H, m, -CO!&-; 

7.2-7.86, lOH, m, aromatlc protons. 

13. The use of sulphone (4, R=Ph, R'=CH2Ph) gives the mlxed dlastereolsomers (16) which 

are thiomethylenepeptldes140f BzPheAlaOtBu, In which the peptlde llnkage (-CONH-) has been 

replaced by a thloether metllylene llnkage (-S-CH2-) 
15 

PhC0lut-l 

)G 

pioo’8” 

Ph 

(16) 

14. In methylenethlopeptldes the peptlde llnkage (-CONH-) IS replaced by a methylene thlo- 

ether llnkage (-CH2S-1. J.A. Yankeelov, K-F Fok and D.J. Carothers, J.O.C., 1978, 42, 

1623, A.F. Spatola and A.L. Bettag, a., 1981, 46, 2393. 

15. For further work see J. Morton, N Renshaw and E.R.H. Walker ln press. 

(Received In UK 26 July 19821 
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METHODS FOR THE HOMOLOGATION OF BENZOFURANCARBOXYLIC 

ACIDS USING DIANIONIC INTERMEDIATES 

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

Department of Chemistry, Unlverslty Park, 

Nottingham, NG7 2RD, England. 

Summary: Dianlons (21, (51, and (lo), can be derived from the 

corresponding benzofurancarboxyllc acids using llthlum dllsopropylamlde, 

and are useful lntermedlates for the homologatlon of the parent acids. 

The benzofuran nucleus occurs in a diverse range of natural products. 

Some of these compounds together with many synthetic benzofurans have 

slgnlflcant pharmocologlcal activities.' We report herein new methods for 

the homologation of various benzofurancarboxylic acids based on the lntermedl- 

acy of dlanlonlc species, derived from the parent acids by metallatlon using 

llthlum dllsopropylamlde (LDA). 

In common with many heterocycles, 2 benzofuran Itself undergoes direct 

metallatlon at the carbon a to the heteroatom, when treated with ;-butyl- 

llthlum2 or LDA3, to give 2-llthlobenzofuran. This useful intermediate can 

also be obtained from 2-bromobenzofuran by halogen-llthlum exchange with 

n-BuLi.4r5 - It was therefore antlclpated6 that 3-benzofurancarboxylic acid 

(lJ7 could give rise to dlanlon (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 decolourlsed on addition of chlorotrlmethylsllane. Acidic work-up 

then gave the 2-trlmethylsllyl derivative (3a) In virtually quantitative yield. 

The material was pure according to its lH n.m.r. spectrum; subsequent 

crystalllsatlon gave analytically pure (3a) in ca. 80% yle1d.O Similar - 
reactions with benzaldehyde and heptanal were slower, but after allowing the 

reaction mixture to warm to room temperature, (3b) and (3~) respectively 

were obtained ln ~a. 75% Isolated yield. Unfortunately, attempted alkylatlons 

of (2) with ethyl lodlde failed to give more than traces of (3d) under a 

variety of conditions. Alkylations of dianlons related to (2) have also been 

found to be unsatlsfactory.6 On warming, the dlanlon (2) was slowly 

protonated (THF as proton source?); for example, when a solution of (2) was 

allowed to reach O'C during 0.5 h., then quenched with MeaSiCl, only a 35% 

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

We have also lnvestlgated the posslbl .11ty of ut1 .llslng this method for 

the homologatlon of benzofuran-2-carboxyllc acid (4a).g Dean et.al.3 have -- 
reported that (4a), on treatment with 2 equivalents of LDA followed by COP, 

gave a good yield of benzofuran-2,3-dlcarboxyllc acid together with some of 

the acetylenlc acid (6a), arlslng from ring opening of the Intermediate 

dlanlon (5a). We have been unable to extend the utility of this reactlon; 

attempts to trap dlanlon (5a) with a variety of electrophlles (Me3SiC1, MeI, 

RCHO) all falled to give more than traces of the desired products, even when 

the reactions were carried out at low temperatures (< -90°C). In all cases, 

the mayor or exclusive product was the acetylenlc acid (6a).4r5 Indeed, 

treatment of a benzofuran-2-carboxylic acid with 2.1 equivalents of LDA at 

-78'C, followed by warming to room temperature IS, In our opinion, an 

effective method for the preparation of (2-hydroxyphenyl)propynolc acids (6)! 

Hy contrast, metallatron of 5-methoxybenzofuran-2-carboxyllc acid (4b)' 

using LDA at -90°C followed by the addition of methyl iodide, benzaldehyde, or 

n-heptanal gave the desired products, (7a), (7b), and (7~) respectively, in 

ca. 90% yield accompanied by, at most, 

<6b). 

only traces of the ring opened product 

Presumably, the "para" methoxy group stabillses the intermediate dlanlon 

(5b), with respect to ring opening, by causing the furan oxygen to be a 

poorer leaving group than in the unsubstltuted dlanlon (5a). Similarly, 

dlanion (5d), in which the methoxy substltuent 1s ortho to the furan oxygen, 

could also be trapped by the same electrophlles at -90°C to give (8a), (8b), 

and (8~). In these cases, the stablllslng 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 (4~),~ in which the methoxy group 1s meta to the furan oxygen, 

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

In an attempt to circumvent the problem of ring opening in benzofuran-2- 

carboxylic acid (4a), we investigated the posslblllty of forming a dlanlonlc 

species (lO)lO, from 3-methylbenzofuran-2-carboxylic acid (9)". We were 

pleased to find that the bright-red dlanlon (10) could indeed be obtained and 

that it coupled with a range of electrophiles to give the desired products 

(lla-e) In ca. 90% isolated yields. We have found that these reactlons are - 
best carried out using 2.1 equivalents of LDA in THF at -1O'C. In contrast to 

the vinyl carbanlons (vlde supra), dlanlon (10) also reacted very efficiently 

with ethyl Iodide, to give (llg) in 80% yield, and with 1,2-epoxybutane to 

give (llf ) in 93% yield. Thus, this method appears to have considerable 

potential for the efficient synthesis of many 3-substituted benzofuran-2- 

carboxyllc acids. 
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C02H m = I oiyL’ 
(2) 

m = I IrzH 
(3) 

(a) R=SlMe3 

(b) R=CH(OH)Ph 

(C) R=CH(OH)IJ-hex 

(d) R=Et 

R’ 

(4) (5) 

(a) R~=R~=R~cH; (b) R'=OMe; R2=R3=H; (C) R1=R3=H; R2=OMe; 

(d) R1=R2=H; R3=OMe. 

(7) 

(9) 

(a) R=Me 

(b) R=CH(OH)Ph 

(C) R=CH(OH)n-hex 

(a) R=Me 

(b) R=SlMe3 
(e) R=CH(OH)n-hex 

(c) R=CH(OH)Ph 
(f) R=CHzCH(OH)Et 

(9) R=Et 
(d) R=C Me.(OH)Ph 
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AN EFFICIENT SYNTHESIS OF HEXA-SUBSTITUTED 

BENZENES AND THE DISCOVERY OF A NOVEL HOST 

CONFORMATION FOR HEXAKIS(6-NAPHTHYLTHIO)BENZENE 

David D. MacNlcol", Paul R. Mallinson, Anthony Murphy, and Gordon J. Sym 

Department of Chemistry, Unlverslty of Glasgow, Glasgow G12 8QQ, Scotland 

Summary. The title host molecule (III) has been syntheslsed by reaction of 
hexachlorobenzene with an excess of the sodium salt of 6-mercaotonaphthalene in 
1,3-dlmethyl-2-imidazolidinone (DMEU) as solvent; other hexakis(aryithio)- 
benzenes, hexakls(phenoxy)benzene (IV), and hexakls(phenylseleno)benzene (V) 
were prepared analogously from hexahalobenzenes, HMPA being used as solvent in 
the last case. An X-ray apalysls of the channel-type adduct of (III) with 1,4- 
dloxan 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- 

host' molecules with a two or more atom link X ]oining the outer rings (G) to 

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

R 

=H 

= Me 

= t-Bu - 

t 
Information protected by U.K. Patent application no. 8217510. 
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OPh 
PhO / 0 I OPh 

PhO\ OPh (IV) 
OPh 

SePh 
PhSefiSePh 

PhSe&,kePh 
SePh 

W) 

been comparatively neglected due to synthetic dlfflcultles. 
2 

This latter class 

is of particular interest owing to Its close formal resemblance to the (OH...O) 

hydrogen-bonded hexamerlc unit found In the clathrates of phenol, hydroqulnone, 

Dianin's compound and related systems. 
5 

Greatly encouraged by a recent report6 

by Tlecco and colleagues of complete substitution of C6F6 and C6C16 by I-PrSNa 

In HMPA, to give C6(SPr1)6 in high yields, we lnvestlgated the action of the 

arenethlolate salt PhSNa on C6C16 and found remarkably facile displacement of 

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

C6(SPh)6, (IIa), entry 5 in Table. The first example of a hexakis(arylseleno)- 

benzene was prepared analogously, reactlon of PhSeNa with C6C16 (Table, entry 6) 

furnishing a 51% yield of hexakls(phenylseleno)benzene (V), which on recrystal- 

llsatlon from pentachloroethane contalnlng excess CBr4, gave the CBr4 adduct of 

(V) as beautiful orange rhombs, m.p. 195-196'C, (after apparent guest loss at 

ca. lOOOC), - a host/guest ratlo of 1:2 being determlned by microanalysis for 

halogen. 
7 

Wlshlng to avold prolonged use of the known* carcinogen HMPA, we sought an 

alternatlve solvent capable of promoting efflclent aromatic halogen displacement. 

1,3-Dlmethyl-2-lmldazolldlnone, dlmethylethyleneurea (DMEU), was found to be a 

remarkably effective, and probably much less toxlcl substitute. 
9 

Reactlon of 

C6F6' C6C16 I or C6Br6 with PhSNa in DMEU gave in each case a high yield pure 

(IIa), entries 2-4 in Table: and the general nature of this substltutlon pro- 

cedure 1s suggested by the analogous high yield synthesis, employing the sodium 

salt of the appropriate arenethlol, of hexakis(p-t-butylphenylthio)benzene (IIc), 

entry 7, and hexakls(B-naphthylthlo)henzenzene (III), entry 1. The unique host 

molecule conformation of (III) In its 1,4-dloxan adduct 1s described below. To 

our knowledge no hexakls(aryloxy)benzene has yet been reported and hexakls- 

(phenyloxy)benzene (IV), an analogue of the hydrogen-bonded hexameric unit 

present in phenol clathrates, 
10 

appeared an attractive target. This hexaether, 

whose potential lncluslon propertles are currently being studled, was obtained 

as colourless needles, m.p. 277-280°C (with subllmatlon); In this case instead 

of the normal ambient conditions a temperature of 120°C was employed to effect 

complete substltutlon. 
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TABLE Condltlons for complete substltutlon of hexahalobenzenes 

Entry No ProductC solvent Substrate, Time, 
a 

Yield 
b 

m P. 
molar equivalents temperature 

ArXNa 

1 

2 

(III) 

(IIa) 

(ITa) DMEU 

(IIa) DMEU 

(IIa) HMPA 

W) HMPA 

(IIC) DMEU 

(IV) DMEU 

DMEU 

DMEU 

C6C16, 12 5dr 

C6F6, 12 2d, 

c Cl 
6 6' l2 

C6Br6, 12 

C6C16, 12 

C6C16, 12 

C6C16, 12 

C6F6, 18 

3dr amblent 

2d, amblent 

4d, amblent 

ad, amblent 

3dr amblent 

ad, 12ooc 

amblent 

amblent 

72% 194.5-195oc 

86% 186.5-187'C 

(llt.4 186-186 5OC) 

96% 

90% 

90% 

51% 195-196OC 

76% 242-243.5'C 

73% 277-28O'C 

a The minimum times required have not yet been established. 
b. The yields are not optlmlsed. 
c. fll new compounds gave a satisfactory mlcroanalysls and had spectroscopic propertles (l.r., 

H n.m.r., and m.s.) concordant with their formulated structures. 

Crystal structure of compound (III). 
$ 

The host (III) forms a highly crystalline adduct with 1,4-dloxan, the host/ 

guest ratlo determined by 
1 
H n.m.r. being 1:l. The triclinic crystals have 

2 = 10.118(2), b = 15.172(2), c = 20.379(S) ii, a = 75.05(2), B = 82.64(2), 

y = 68.45(l)', space group ET, and DC = 1.32 g cmw3 with two host and two guest 

molecules in the unit cell. A crystal measuring 0.1 x 0.15 x 0.05 mm, enclosed 

in a thin-walled glass capillary tube, was used for the measurement at 20°C of 

9841 independent X-ray intensities (MoK c1 radiation) by a O-W scan on a Nonius 

CAD4 diffractometer. The structure was solved by direct methods employing 5100 

X-ray intensities with F2 > 20(F21, - - 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 stereovlew of the host molecule (III), which is located 

in a general posltlon in the unit cell. In contrast with the trlgonal conform- 

ation of C6(SPh)6 which 1s located on a point of 3 symmetry in its Ccl4 clath- 

rate, 4 (III) is not constrained to have alternate dlsposltlon of side chains 

above and below the plane of the central ring: indeed, instead of having three- 

fold symmetry the molecule approximates to the point group C2, adjacent 'legs' 

being found on the same side of the central ring, with a corresponding adlacent 

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

$ 
The atomic co-ordinates for this work are available on request from the Dlrector of the 
CambrIdge Crystallographic Data Centre, Unlverslty Chemical Laboratory, CambrIdge CB2 1EW. 
Any request should be accompanied by the full literature cltatlon for this communlcatlon. 
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Figure 1. A stereovlew showing 

the host molecule of hexakis- 

(8-naphthylthlo)benzene in its 

1,4-dloxan channel-type lnclus- 

ion compound. All hydrogen 

atoms have been omitted for 

clarity. The molecule has 

approximate C2 symmetry. 

lcant distortion of the central benzene ring, which has an approximate two-fold 

rotation axis. The retention of lncluslon propertles for (III), whose conform- 

ation corresponds to an interchange of two adlacent 'legs' away from a trigonal 

situation, 
5 1s of particular Interest in view of the recent conslderatlon by 

Huang and Mak 
11 

of the dominant role that two-fold molecular symmetry plays in 

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 in the triclinic 

crystal. The chair-shaped 

1,4-dloxan molecules can be 

seen to be located In continu- 

ous voids in the structure. 

stereoview of the host-guest packing; the host and guest molecules both occupy 

general posltlons in the centrosymmetrlc structure. The 1,4-dloxan 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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