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Abstract: A Heck reaction system incorporating Ph,PCI and using for the biological activity of compounds containing the

bromoarenes as substrates has enabled the syntheses of the amino acid residues.
conformationally constrained phenylalanine analoguesHicand Nic  In order to fully exploit the potential of Sic, Hic and Nic
to be dramatically shortened thus fecilitating the production of  in a biological context, significant quantities of the amino
significant quantities of these amino acids. acids were required. We found that syntheses of multi-
Key words: amino acid synthesis, Heck reaction, phenylalanine  gram quantities of Hic and Nic in particular were ham-
analogues, cyclisation, palladium catalysis pered, however, by the number of steps in the original
approach, (nine and eleven respectively). We wish to re-
port herein that both Hic and Nic may be readily synthe-
Conformationally constrained analogues of amino acid$sed in multigram quantities using six-step procedures
are useful tools in the design of more selective and/ahich rely on a versatile intermolecular Heck reaction and
more potent peptides as enzyme inhibitors, and agoniatshallenging bromoarene-based intramolecular Heck re-
or antagonists at receptdrgVe recently reported the first action, successfully executed using a recently reported re-
syntheses of the conformationally constrained phenylalaetion system.
nine analogues 2,3,4,5-tetrahydid-B-benzazepine-2-
carboxylic acid (Sic), 1,2,3,4,5,6-hexahydro-3-benzaz

cine 2-carboxylic acid (Hic) and 2,3,4,5,6,7-hexahydrye amination ofl and2 followed by nitrogen protection

lH—3—benzgzonine—f}—carb_oxylic _dacid h(Nrf:gwe have - 4nd introduction of a carbon-carbon double bond gave io-
nowl starte t_ohushet el?mlnob?ck S d[WhIC lolrm _aserlebs Barene substrates for Heck cyclisation. After some ex-
analogues with the well-established phenylalanine SUbStlz inentation, conditions were found which gave good
tute 1,2,3,4-tetrahydroisoquinoline-3-carboxylic  aci

S ; ; ields of the eight- and nine-membered riBgnd4. Fi-
(Tic)] in biological studies, and have demonstrated th Blly hydrogenation and acid hydrolysis®&nd4 pro-
the size of the restricting ring has important consequen ’

®eded in essentially quantitative yield to give Hic.HCI
and Nic.HCI.

Our original approach to Hic and Nic started with four-
%nd six-step syntheses of iodoaldehytiemd2. Reduc-

1i. ()-serine methyl ester
ii. NaBH3CN
n=2,61%;n=3,67% Boc H
2i. ((Boc)zo ’ 2 N.__COoMe N.__CO.H

ii. TsCl, EtsN ( \ 1. Ha, Pd/C qQ,
n

OH nCHO (n=2,66%; n =3, 76%) (n=2,96%; n =3, 97%) HCI
| | 3. cat. Pd(OAc), 2. HCI

NaHCO3, BugNCI (n=2,98%, n =3, 99%)
(n=2,73%; n =3, 86%)

1 (n=2,67% over 4 steps’) 3 (n=2) Hic.HCI (n=2)
2 (n=3,60% over 6 steps®) 4 (n=3) Nic.HCI (W=3)

1i. (%)-serine methyl ester
CHy=CH(CHy),,OH

| i. NaBH3CN Boc cat. Pd(OAc)»
@j NaHCO3, BugNCl @Eﬁ&mo (n=2,67%;n =3, 60%) a N\H/COQMe cat. PPh,Cl 3 (n=2)
—_— —_—
gr cat Pd(OAc); B 2i. (Boc)o0 NaOAc 4 (n=3)

r Br
ii. TsCI, EtsN
(M=1,82%: m =2, 87%) " (0= 2, 78%: n =3, 67%) (n =2, 58%; n = 3, 69%)
5 (n=2) 7 (n=2)
6 (n=3) 8 (n=3)

Synlett 1999, S1, 954-956 ISSN 0936-5214 © Thieme Stuttgart - New York

Downloaded by: Chinese University of Hong Kong. Copyrighted material.



LETTER

A Bromoarene Based Approach to Phenylalanine Analogues Hic and Nic

955

Table. Heck reaction conditions applied to bromoarene 84

Entry Pd(OAc), Solvent Temp. Time Base No/Ar Other Yield 4 Yield 8
(mol%) (cm3) (°C) G)) (%) (%)

1 2.5 DMF 110 16 NaHCO3 N> BuyNCl (1 equiv.) 4 77
(1.2) (2.5 equiv.) 4A mol sieves

2 2.5 DMF 150 16 NaHCO3 N> BuyNCl (1 equiv.) 6 27
(7.2) (2.5 equiv.) 4A mol sieves

3 5 DMF 120 0.5 NaOAc Ar Ph4PCl (0.3 equiv.) 57
(7.2) 150 3.5 (2 equiv.)

4 5 DMF 120 0.5 NaOAc Ar Ph4PCl (0.3 equiv.) 69 8
214) 150 4.25 (2 equiv.)

5 5 DMF 120 0.5 NaOAc Ar <1% 51
7.2) 150 4 (2 equiv.)

6 5 MeOH 130 10 NaOAc Ar DMG (1 equiv.) 0 88
8 (2 equiv.)

@ All reactions were carried out using 0.1 g of 8 except Entry 4 which was performed on a 3 g scale.

In order to shorten the original syntheses, we proposed to
replace their early stages with palladium-catalysed cou-
plings between 1-bromo-2-iodobenzene and the three and
four carbon unitsallyl acohol and 3-buten-1-ol, reactions
based on sound literature precedent.> Although these reac-
tions, if successful, would give rapid access to bromoal de-
hydes 5 and 6, this approach would introduce the non-
trivial challenge of using bromoarene based intramol ecu-
lar Heck reactions to make the medium-sized rings.

In practise, the conversions of 1-bromo-2-iodobenzene to
the previously reported bromoaldehyde 5° and the novel
bromoaldehyde 6 proceeded smoothly and were readily
performed using 20 g of the arene.” (Interestingly, at-
tempts to react 4-penten-1-ol with 1,2-diiodobenzene
gave only returned starting material, an observation tenta-
tively attributed to steric resistance to theinitia palladium
insertion step.) The bromoaldehydes 5 and 6 were then
converted into the Heck substrates 7 and 8 using the same
methodology asin the original synthesisand in very sim-
ilar yield.

Heck reactions employing bromoarenes are generaly
more difficult to effect than those using the corresponding
iodides.® It was thus not surprising to find that the condi-
tions used for the formation of 4 (in 86% yield) from its
iodoarene precursor gaveavery low yield (4%) of product
when applied to the bromoarene 8 (Table, Entry 1). Rais-

uct, were inconsistent with the transfer of aryl groups to
the alkene&via PhPCI as proposed by Reetz and supported
by strong evidence from experiments with chloroarénes,
we decided to perform a control experiment without
PhPCI (Table, Entry 5). This gave essentially no cyclisa-
tion, indicating that there is a role for JPICI in this reac-
tion albeit somewhat different from its role in the catalysis
of chloroarene-based Heck reactions.

Later in 1998, Reetz reported that Pd(OAD)the pres-
ence ofN,N-dimethylglycine (DMG) is an effective cata-
lyst of Heck reactions of bromoarernésReaction of8
using a higher loading of Pd(OAdB mol% rather than
1.5 mol%) but with otherwise identical conditions to those
reported to give a quantitative conversion of bromoben-
zene and styrene to Heck products, however, gave only re-
covered starting material (Table, Entry 6), thus
underlining the challenge associated with cyclising bro-
moareneB to the nine-membered ring Finally, applica-
tion of the PRPCI system to bromoarené gave the
desired cyclised produétin 58% yield, thus facilitating
the synthesis of Hic.

In summary, the BRCI based Heck system has allowed
us to use bromoarenes in the synthesis of Hic and Nic,
thus shortening the existing syntheses by three and five
steps respectively. The role of PICI in these systems,
which appears to be different to its role in chloroarene

ing the reaction temperature from 110 °C to 150 °C, in dased reactions, is under investigation.

attempt to force insertion of palladium into the carbon-
bromine bond only led to a lower recovery of starting m
terial (Table, Entry 2).

In early 1998, Reetz reported that the use of palladium
etate in the presence of PICI gives high catalytic activ-
ity with chloro- and bromoarene substr&t€n applying
this approach to our substrate, we were delighted to find

that bromoaren® cyclised to the Nic precursdrin 57% Referencesand Notes

yield on a trial scale (Table, Entry 3) and in 69% yield for(1) New address: S.E. Gibson (née Thomas), Department of
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of 0.3 equiv. of P{PCI, the 69% yield of, and our failure 2LS.
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In a typical procedure for the synthesi$o# Schlenk tube

was charged with 2-bromoiodobenzene (20.000 g, 70.69

(7

~

mmol), 3-buten-1-ol (7.647 g, 106.04 mmol), sodium hydro-

gencarbonate (14.855 g, 176.83 mmol), tettautylammoni-
um chloride (19.696 g, 70.87 mmol) and palladium acetate
(0.317 g, 1.41 mmol, 2 mol%). Anhydrous DMF (70%mas
added and the black reaction mixture saturated with argon.

(CHO); Mz (Cl, NHy) 262, 260 (MNH" + H,O - 2H, 100%),
246, 244 (MNH, 40) and 184, 182 (M-C}€HO-H, 41).

(8) Reetz, M.T.; Lohmer, G.; Schwickardi, Agew. Chem., Int.
Ed. Engl. 1998, 37, 481.

(9) Inatypical reaction, a two-neck r.b. flask fitted with a conden-
ser was charged with thoroughly mixed palladium acetate
(0.0871 g, 0.388 mmol, 5 mol%) and tetraphenylphosphonium
chloride (0.819 g, 2.18 mmol, 30 mol%) followed by anhy-
drous sodium acetate (1.197 g, 14.60 mmol). The apparatus
was evacuated and purged with argon four times after which a
solution of bromoaren (3.002 g, 7.28 mmol) in anhydrous
DMF (14 cn¥) was pipetted into the reaction mixture followed
by a further 200 cfof anhydrous DMF. After saturating the
solution with argon, the flask was lowered into a silicone oil
bath preheated to 120 °C and the reaction mixture heated at
this temperature for 30 min under an atmosphere of argon be-
fore raising the temperature of the bath to 150 °C and heating

The Schlenk tube was lowered into a preheated oil-bath at  for a further 4.25 h when the reaction mixture turned black.
40 °C and heated at this temperature, under an atmosphere of The reaction mixture was allowed to cool to room tempera-
argon, for 20.5 h. After this time, the solution was allowed to ture, diluted with diethyl ether (150 évand filtered through

cool to room temperature, diluted with diethyl ether (158)cm

a short pad of Kieselguhr. After evaporation of the solvents

and filtered. After evaporation of the solvents under reduced under reduced pressure and preabsorption of the red/brown oll

pressure and preabsorption of the red/black oil on,3i®
lumn chromatography (SiQhexane-ethyl acetate, 5:1) gave
aldehydes as a yellow oil (13.944 g, 61.40 mmol, 87%);
(Found: C, 52.8; H, 5.0.6H,,BrO requires C, 52.88; H,
4.88%);vh(neat)/cmt 1722vs (C=0)§, (300 MHz)
(CDCIy) 1.90-2.00 (2 H, m, ArCkCH,), 2.44 (2 H, tJ 7,
CH,CHO), 2.73 (2 H, tJ 8, ArCH,), 7.00-7.05 (1H, m, H-5),
7.16-7.23 (2 H, m, H-3, H-4), 7.50 (1 H, 8, H-6), 9.72 (1
H, s, CHO); 8c{*H} (75 MHz) (CDCL) 21.7 (ArCHCH,),
34.9 (ArCH,), 42.8 CH,CHO), 124.4 (C-1), 127.3, 128.2,
130.2, (C-3, C-4, C-5), 132.6 (C-6) 140.3 (C-2) and 201.9

on SiQ,, column chromatography (Sj(40-60 petroleum
ether - diethyl ether, 2:1) gave the heterocyas a colourless
oil (1.653 g, 4.99 mmol, 69%). The physical data&evere
identical to previously reported d&ta.

(10) Reetz, M.T.; Westermann, E.; Lohmer, R.; Lohmer, G.
Tetrahedron Lett. 1998, 39, 8449.
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