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A solid phase synthesis of macrolactones from three building blocks and in eight steps is described. The
synthesis which is carried out on the DHP resin includes Mitsunobu and DIC couplings. The macrocyclization

occurs by SN2 displacement of an allylic chloride by a malonate anion. The synthetic methodology is suitable
for the synthesis of arrays of macrocycles as well as linear compounds.

Introduction found at the RAA (reduced amino acid) position in the final

The solid phase synthesis of macro-heterocycief products A to F), (2) four monoprotected diols (alcohol at

significance to drug discovery and is an active area of the allylic position protected by TBDPS) (HG'OTBDPhS'
research. Macrolidésiave been used as pharmaceuticals and HO-H-OTBDPS, HO-OTBDPS, and HG-OTBDPS) that

are therefore attractive targets for the solid phase synthesisare located at the L1 (linker 1) position in the members of

of combinatorial libraries. The solid phase syntheses oftaxol th€ library G to0 J), and (3) four acids (HGx-H, HO-L,
and epothilontanalogues have been described. HO-M, and HON) which are coupled to the RAA parts by

To produce a potentially diverse combinatorial library of gster bonds and which are found at the L2 (Iinker.2) position
macro-heterocycles using solid phase techniques, it is!n the end products{ to N)..One of these four acids (HO-
important to design a synthesis in which at least three K-H) bears a malonate moiety and is therefore the only L2

components can be independently and readily varied. Our2ullding block which can lead to macrocycles by linking L1
research group has already described a powerful and versatild’ ith L2.
approaclt?, and the purpose of this work is to apply this

technology to prepare a library of 96 macrocycles and linear Results and Discussion

equivalents. A new investigation was carried out in solution in order
_ ) to find an alternative route to the less reliable allylic chloride
Design of the Library approach. The macrocychGK (1) was chosen as the target
The original route (Scheme 1) previously described By us molecule for that investigation. The eight steps necessary to
would allow the synthesis of the macrocycles such as obtainAGK were carried out as shown in Scheme 2. This

only six steps. However, we reasoned that the allylic chloride compound was first prepared in solution using a benzyl group
key building block2 or other related allylic, propargylic, or  to replace the polystyrene polymer. This strategy was used
benzylic chlorides could be rather unstable in some cases,to establish good experimental conditions for each individual
and this might be detrimental to the synthesis of large diverse step including the macrocyclization.
libraries in a reliable way. To design a more general route, The protected sering® was hooked to DHP resin mimic
it was therefore necessary to eliminate the use of such4 (Scheme 2) under mild acidic conditién® obtain the
reactive compounds. The new route which was designed iscorresponding ethér (benzyl instead of polystyrene) in 89%
only two steps longer and all building blocks are now yield. Then the alcohob’” was attached at the tosylamide
sufficiently stable such that they can be prepared on largeend of the previous molecule under Mitsundlzonditions
scale and stored over long periods of time. It is worth noting in 81% yield to provider. Step 3 consisted in the reduction
that the order of introduction of the two last building blocks of the methyl ester group by means of lithium aluminum
has been inverted, demonstrating the high flexibility of the hydride? and the alcohoB was obtained in 79% yield. The
chemistry involved. last building blockd® was then coupled to the alcot®ivith

The goal of the work was to build a library of 96 members, DIC (87% vyield) to give the triestet0. The silyl ether
among which 24 are macrocycles and 72 are linear productswas cleaved at step 5 with tetrabutylammonium fluoride
(Table 1). Both types of compounds are made from three (96% yield), and the resulting alcohll was transformed
sets of building blocks: (1) six suitably protectaeamino into the corresponding allylic chloride with carbon tetra-
acids (Ts-Ser-OMe, Ts-Thr-OMe, Ts-Tyr-OMe, PhS&&r- chloride and tributylphosphine with a yield of 91%. This
OMe, PhS@-Thr-OMe, and PhS@Tyr-OMe) which are new method of preparing the allylic chlorides generated
subsequently reduced to amino alcohol derivatives and arehigher yields in shorter reaction times and was preferred over

10.1021/cc000030y CCC: $19.00 © 2000 American Chemical Society
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Scheme 1

Original Route

solid phase chemistry (6 steps) :
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X is originally a protected alcohol which is transformed into a leaving group prior to macrocyclization.
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the previous orfgN-chlorosuccinamide, triphenylphosphine,
imidazole). The macrocyclization precursb? was then
added to a suspension of cesium carbonate in acetonitrile,
and the expected macrocyd®& was obtained with a yield

of 76%. Finally (step 8), the tetrahydropyrannyl ether
protecting group was cleaved by means of pyridinium
paratoluenesulfonate to release the macrocyclic alocbG#l
(82%). Although the route is two steps longer than the former
one (Scheme B AGK was obtained with an overall yield
of 27%, which is not much lower than the 35% yield obtained

during the six-step sequence procedure. On the other hand,
the route is now very robust and more suitable for combi-
natorial preparation of libraries. The same eight-step se-
guence was repeated on solid support using the same
conditions, andAGK was obtained in 28% overall yield.

The eight-step sequence as described above was slightly
modified to prepare acyclic compounds. In this seA&L
was synthesized directly on solid support in six steps
(Scheme 2) with an overall yield of 52%. The only difference
with the route to macrocycles lies in the fact that the allylic
chloride formation and the macrocyclization (steps 6 and 7)
are not carried out; apart from that, all other steps are
absolutely identical. As a result, a library composed of
macrocycles and acyclic compounds can be prepared ac-
cording to a common scheme (Scheme 3). 96 Kans
(IRORI)*? were loaded with DHP resin and were sorted into
six vessels for the first step. Each vessel was treated with
PPTS and one of the corresponding six amino acid ester
building blocks (Ts-Ser-OMeTs-Thr-OMe!® Ts-Tyr-OMe?
PhSQ-Ser-OMe!* PhSQ-Thr-OMe!® and PhS@Tyr-
OMe'®) (step 1 in Scheme 3). After completion of the
reaction (estimated to be 48 h from same experiment carried
out in solution), the Kans were pooled together, sorted into
four vessels for Mitsunobu coupling with the corresponding
alcohol building (HO&-OTBDPS® HO-H-OTBDPS® HO-
[-OTBDPS!® and HOJ-OTBDPS?) (step 2 in Scheme 3).
All Kans were pooled together in one reaction flask, and
the reduction step 3 with lithium aluminum hydride was
accomplished. The Kans were then sorted again into four
vessels for the last coupling with the suitable carboxylic acid
building blocks (HOK-H,®> HO-L, HO-M, and HON) by
means of DIC and DMAP (step 4 in Scheme 3). The Kans
were pooled, and the silyl ether was cleaved with TBAF (step
5). Then all 24 Kans possessing the gartvere pooled in
one reaction vessel, and the other 72 Kans were set aside
for cleavage. The 24 allylic alcohols were transformed into
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the corresponding allylic chlorides by means of £&hd from the statistics, then 59 of 72 compounds were synthe-
BusP (step 6) and subsequently macrocyclized with cesium sized which gives the very good success rate of 82%; also
carbonate (step 7). Finally, the 96 Kans were sorted and15 of 18 macrocycles were obtained with success rate of
treated individually with PPTS to yield the final compounds 83%. From the detailed analysis of the results (Table 2), it
in solution. The 96 reaction mixtures were then evaporated can also be seen that the tyrosine building blocks (leading
separately and purified by flash chromatography. to C andF in the final products) were not as efficient as the
The results are summarized in Tables 2 and 3. A total of serine and threonine building blocks (leadingAo B, D,
59 compounds out of 96 were finally obtained; of which (a) andE). This rough observation was confirmed by the lower
44 were acyclic compounds with 61% success rate, and (b)overall yields obtained with these two building blocks as
15 were macrocyclic compounds corresponding to 63% compared to those obtained with the serine and threonine
success rate. building blocks. This could be due to the fact that the phenol
It can be immediately observed that the propargylic alcohol of tyrosine did not couple as readily to the DHP resin as the
(HO-I-OTBDPS) failed completely, since none of the alcohols of serine and threonine; and this could lead to a
corresponding 24 final products were ever isolated. To lower loading at step 1. Moreover the THP ether bond (as
determine at what stage the problem arose, the Mitsunobuin tyrosine) is not as stable as the alcohol THP ether bond
reaction with that acetylene linker L1 was tried in solution (as in serine and threonine).
with tosylamide5 (polystyrene replaced by benzyl). The The macrocycles which were formed bear two “unsatura-
tosylamide was fully recovered but the acetylene linker L1 tions”, one being a formal unsaturation that comes from the
was not found in the reaction mixture. This experiment building blocks L1, and the other is the ester functionality
suggests that our acetylenic linker is not stable underthat provides some restriction in the flexibility of the
Mitsunobu conditions. If the acetylene L1 linker is removed macrocycles. This number of unsaturations seems almost
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Scheme 3 E. Merck 5715-7 plates. Flash chromatography was carried
prepare 96 kans containing: @_OAKOJ out using EM Smenc_e silica gel 6Q, 23800 mesh._
(®) is Polystyrene. Macrocyclization reactions were carried out under high
sort and split | in 6 batches dilution condition using a KD scientific syringe pump. For
| | | ! | I all experiments in solution phase, the polystyrene polymer

Step 1. PPTS  Ts-Ser-OMe  Ts-Thr-OMe Ts-Tyr-OMe PhSO,-Ser-OMe PhSO,-Thr-OMe PhSO,-Tyr-OMe

[08 |[©GB |60 oD |eB | had been replaced by a benzyl group.
nmd*’s"‘:i‘t R Preparation of DHP Linker (3,4-Dihydro-2 H-pyran-
| = | L I | 2-methanol). A suspension of 3,4-dihydroF2pyran-2-
Step 2. PhyP, DEAD  HO-G-OTBDPS HO-H-OTBDPS HO-I-OTBDPS HO-J-OTBDPS carboxylic acid salt (5.0 g, 33.3 mmol) in THF (150 mL)
| | | | was cooled to GC on an ice bath and was treated with LAH
pool |‘ (1.3 g, 33.3 mmol) in small portions for over 5 min. After
Smnsfs‘;;r li:ii{;atches completion of the addition, the cooling bath was removed,
I I | and the reaction mixture was stirred at room temperature
Step4.DIC,DMAP  HOKH  HOL HO-M HO-N for 2 h. It was then cooled to @C and quenched by slow

l | l | ] addition d 1 N NaOH (4 mL). The slurry was diluted with
g:}s_TBAF ether (200 mL) and stirred for over 20 min and filtered
sort through Celite. The filtrate was dried over anhydrous3@,
and the solvent was evaporated at reduced pressure with the
fv“h}f;';y;’(mai"l‘"gmmp"“"ds All other 72 Kans bath temperature not exceeding 16, the product being
Step 6, CCl Bugp vqlatile. The prod_u_ct was directly used for the next step
' | ' without further purification (3.26 g, 86%)H NMR (CDCl)

Step 7. C5,CO3 0 1.67 (m, 2H), 2.10 (m, 2H), 2.89 (s, 1H), 3.56 (bs, 2H),
3.86 (m, 1H), 4.57 (s, 1H), 6.38 (d, 1KH,= 5.8 Hz). MS
(MH*, 115).

DHP Resin Mimic 4 (Solution Phase Model)A solution
FETS of 3,4-dihydro-H-pyran-2-methanol (3.50 g, 30.7 mmol) in
) ) ) 50 mL of DMF was treated with NaH (1.25 g, 31.0 mmol,
ideal for this range of macrocycle size (14 and 15 members), 5o, syspension in oil), and the reaction mixture was stirred

and as a result all macrocycles derived from serine and u¢ 56m temperature for over 40 min before adding benzyl
threonine were synthesized in similar yields (the tyrosine . oride (3.6 mL, 31.0 mmol). Stirring was continued at

macrocycles were obtained with lower yields as explained 5pient temperature for 12 h and quenched with water. The
above). The size of the macrocycles controlled by the L1 yo4ction mixture was diluted with ether (100 mL) and washed
building blocks HO&-OTBDPS gnd HQ-OTBDPS and with water (3x), and the organic layer was separated, dried
the geometry of the unsaturation controlled by the L1 over anhydrous N&Q,, and evaporated. The crude com-

building blocks HOG-OTBDPS and HCH-OTBDPS did pound was purified with flash chromatography (3:1 hexane/

not produce significant effects on the yields that are all within ethyl acetate with 1% triethylamine). The desired compound
the same range (3736%). It is not at all clear why the L1 4 \voc optained as a yellow oil (5.2 g, 83%H NMR

linker HO-G-OTBDMS was very successful (It failed only (CDC|3) 5 157 (m 2H) 2.0 (m ZH) 272 (S 1H) 3.56
once), whereas HO-OTBDPS which bears only one ad- (bs, 2H), 3.84 (m, 1H), 4.52 (s, 2H), 4.70 (bs, 1H), 6.35 (d,
ditional CH, group when compared to HG-OTBDPS failed 1H, J = 6 Hz), 7.35 (m, 5H)22C NMR (CDCk) 6 19.46

to yield the desired product on nine occasions. 24.67, 72.52, 73.42, 74.11, 100.45, 127.17, 127.73, 127.81,
138.27, 143.70. MS (MH, 205).

Preparation of 5 (Step 1).To the solution of DHP resin

The work described in this paper demonstrates that the pnimic 4 (2.0 g, 9.80 mmol) in 1,2-dichloroethane (30 mL)
synthesis of libraries of macrolides and other macro- a5 added tosyl serine est&r (3.0 g, 11 mmol) and
heterocycles is a feasible goal in solid phase combinatorial pyridinium p-toluenesulfonate (1.26 g, 5 mmol), and the
chemistry. The limitations in terms of number and nature of (eaction mixture was stirred at 88 for 14 h. After cooling
unsaturations and ring size are now well understood so thatj; tg room temperature it was diluted with GEl, (100 mL)
the methodology shown here can be considered to be generalng washed with water (). The organic layer was separated
and is suitable for the preparation of arrays of compounds. gnd dried with anhydrous N8O, and the solvent was
evaporated under reduced pressure. The crude compound was
purified with flash chromatography (2:1 hexane/ethyl ace-

(a) Solution Phase Chemistry. GeneralAll reactions tate). The desired compouridwas obtained as a colorless
were performed with continuous stirring under dry argon oil (4.2 g, 89%).*H NMR (CDCl) 6 1.52-1.80 (m, 6H),
atmosphere. Commercial reagents were used without further2.38 (s, 3H), 2.40 (s, 3H), 3.4(8.41 (m, 2H), 3.53 (s, 3H),
purification. *H NMR (Varian 300 MHz) spectra were 3.55 (s, 3H), 3.82 (m, 2H), 4.634.05 (m, 1H), 4.124.16
recorded using tetramethylsilane as an internal standard.(m, 1H), 4.53 (s, 2H), 4.60 (s, 2H), 4.71 (s, 1H), 4.74 (s,
LCMS was performed using symmetry C8 column with PDA 1H), 5.48 (d, 1HJ = 9.17 Hz), 5.85 (d, 1HJ = 9.5 Hz),
detection from Waters/Micromass. TLC was performed on 7.23-7.32 (m, 7H), 7.71 (d, 2HJ) = 8.22 Hz).*C NMR

sort and put 96 kans | into 96 individual vessels

Conclusion

Experimental Section
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Table 2. Library Result8

Library 96
RAA L1 L2
i G H I J )
27%-512 22% - 512 0% 32% - 526 K (mac)
A 50% - 451* 35% - 451* 0% 45% - 448 L
48% - 448 48% - 448 0% 43% - 462 M
27% - 445* 50% - 445* 0% 42% - 464** N
36% - 526 17% - 526 0% 30% - 540 K (mac)
B 30% - 448 31% - 448 0% 25% - 462 L
20% - 462 33% - 462 0% 25% - 476 M
34% - 464**  38% - 464** 0% 0% N
0% 0% 0% 0% K (mac)
c 10% - 532*%*  10% - 532** 0% 0% L
10% - 547** 6% - 547** 0% 0% M
27% - 504 10% - 504 0% 0% N
36% - 498 17% - 498 0% 25% - 512 K (mac)
D 24% - 420 44% - 420 0% 42% - 434 L
36% - 434 31% - 434 0% 0% M
40% - 414 36% - 414 0% 0% N
33%-512 20% - 512 0% 27% - 526 K (mac)
E 42% - 434 27% - 434 0% 37% - 448 L
34% - 448 0% 0% 33% - 462 M
62% - 450**  40% - 450** 0% 34% - 464** N
13%-574 17% - 574 0% 17% - 588 K (mac)
F 10%-518** 27%-518 0% 0% L
7% - 532** 0% 0% 0% M
31% - 490 10% - 490 0% 30% - 504 N

aTotal yields and mass spectrometry data ([MpHare indicated. *: [MNH]™*. **: [MNa] *.

Table 3. Detailed Analysis of the Results (per Building Blocks)

RAA L1 L2
Ar) | Been | Cyn | Dgeny | Egeny |[Fon | G | H | T | J K L | M| N
12 11 6 10 11 9 23 21| 0 | 15 15 macrocycles 16 13 15
Over 16 Over 24

(CDClg) 6 17.56, 21.52, 27.10, 27.30, 29.15, 29.41, 30.53, The solvent was evaporated, and the residue was purified
30.75, 52.51, 55.85, 56.77, 67.25, 68.39, 68.47, 68.94, 72.74y flash chromatography (7:3 toluene/diethyl ether). The
73.09, 73.28, 73.31, 75.10, 97.37, 98.34, 102.50, 127.12,desired compound was isolated as a yellow oil (2.71 g,
127.27, 127.51, 129.33, 129.45, 129.56, 138.37, 143.45,81%).'"H NMR (CDCl;) 6 1.05 (s, 9H), 1.5+1.65 (m, 6H),
169.87, 170.03. MS (MH, 478). 2.35 (m, 2H), 2.39 (s, 3H), 3.243.27 (m, 2H), 3.373.39
Preparation of 7 (Step 2).To a solution o5 (2.0 g, 4.19 (m, 2H), 3.46 (m, 2H), 3.55 (s, 3H), 3.58 (s, 3H), 3.78 (m,
mmol) in THF (20 mL) were adde@ (2.12 g, 6.3 mmol) 2H), 4.10 (bs, 2H), 4.13 (m, 1H), 4.55 (s, 2H), 4.57 (s, 2H),
and PPh (1.65 g, 6.3 mmol). The reaction mixture was 4.76 (s, 1H), 4.86 (s, 1H), 5.55 (m, 2H), 7:32.39 (m, 14H),
cooled to OC on an ice bath, and DEAD (1.0 mL, 6.3 mmol) 7.64-7.72 (m, 7H)2*C NMR (CDCk) ¢ 17.60, 21.48, 26.79,
was added to it. The reaction mixture was stirred at this 27.30, 29.25, 30.80, 33.26, 33.71, 46.46, 46.58, 52.15, 59.20,
temperature for 20 min and at room temperature for 7 h. 59.92, 64.26, 65.93, 66.19, 68.48, 73.24, 75.38, 97.25, 98.21,
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126.67, 127.47, 127.58, 128.31, 129.33, 129.60, 131.10, Preparation of 12 (Step 6).A solution of 11 (1.10 g,
133.68, 129.33, 129.60, 131.10, 133.68, 135.48, 143.19,1.51 mmol) in CCJ (10 mL) was cooled to OC on an ice
169.58. MS (MH, 800). bath, and tributylphosphine (1.1 mL, 4.53 mmol) was slowly
Preparation of 8 (Step 3).To a solution of7 (2.6 g, 3.25 added to it. After complete addition, the reaction mixture
mmol) in THF (30 mL) cooled to OC on a ice bath was ~ Wwas stirred at this temperature for over 20 min and at room
added 1.0 M LAH (9.75 mL, 9.75 mmol). The reaction temperature for 1 h. The solvent was evaporated off, and
mixture was stirred at this temperature for 30 min and at the residue was purified by flash chromatography (3:1
room temperature for 3 h. It was then cooled t6@and  hexane/ethyl acetate) to furnish the desired compadlhd
quenched with saturated aqueous8H Ether (60 mL) was  (1.03 mg, 91%)!H NMR (CDCL) ¢ 1.54-1.59 (m, 8H),
added, and the organic layer was separated and dried ove&.85 (m, 2H), 2.27 (t, 2HJ) = 7.6 Hz), 2.38 (m, 5H), 3.25
anhydrous Nz50;, and the solvent was evaporated off. The (M, 2H), 3.34-3.40 (m, 5H), 3.72 (s, 7H), 3.84 (m, 1H),
residue was purified using flash chromatography (1:1 hexane/3.95 (d, 2HJ = 5.0 Hz), 4.53 (s, 2H), 4.68 (s, 1H), 4.74 (s,
ethyl acetate) to giv& as a colorless oil (1.98 g, 79%H 1H), 5.61 (m, 2H), 7.237.31 (m, 7H), 7.69 (d, 2H] = 8.1
NMR (CDCl) 6 1.04 (s, 9H), 1.561.59 (m, 6H), 2.38 (s,  H2).**C NMR (CDCE) 6 17.60, 21.43, 22.31, 27.17, 27.30,
3H), 2.39 (m, 2H), 3.24 (m, 2H), 3.38.42 (m, 4H), 3.75  28.08, 29.12, 30.79, 33.34, 33.56, 44.85, 52.56, 62.45, 65.98,
(m, 2H), 3.96 (m, 1H), 4.11 (bs, 3H), 4.53 (s, 2H), 4.64 (s, 73.25, 102.17, 127.20, 127.50, 129.52, 131.47, 138.27,
1H), 4.72 (s, 1H), 5.57 (m, 2H), 7.29.40 (m, 14H), 7.64 143.18, 169.57, 173.42. MS (MK 752).
7.75 (m, 7H).13C NMR (CDCk) 6 17.63, 19.15, 21.43, Preparation of 13 (Step 7). A suspension of GEO; (186
26.76, 27.05, 29.12, 29.25, 33.84, 33.97, 45.03, 45.23, 59.17mg, 0.57 mmol) in acetonitrile (50 mL) was heated to 70
59.59, 61.40, 62.11, 64.19, 65.11, 66.06, 66.57, 68.51, 68.72,°C on an oil bath. The substrai® (43 mg, 0.057 mmol)
73.11,73.24, 97.56, 126.57, 126.88, 127.14, 127.58, 128.30was dissolved in acetonitrile (1.0 mL) and was slowly added
129.53, 131.27, 131.40, 135.46. MS (MH772). to the above suspension via syringe pump for 10 h (.1
Preparation of 10 (Step 4).To a solution of8 (1.72 g, 102 M concentration after addition). After complete addition,
2.23 mmol) in CHCI, (15 mL) were adde@d (730 mg, 3.35 the reaction mixture was stirred at this temperature for a
mmol), DIC (0.53 mL, 3.35 mmol), and DMAP (110 mg, further 3 h and then cooled to room temperature. The solvent
0.90 mmol). The reaction mixture was stirred at room was evaporated off; the residue was diluted with ether (30
temperature for 12 h. The solvent was evaporated off, andmL), washed () with water, and dried over anhydrous
the residue was purified by flash chromatography (2:1 N&SOs; and the solvent was removed under reduced
hexane/ethyl acetate) to gii® as a colorless oil (1.87 g,  pressure. The crude was flash chromatographed (1:1 hexane/
87%)."H NMR (CDCl) 6 1.05 (s, 9H), 1.5%1.56 (m, 8H), ethyl acetate) to furnish the desired macrocyi3g31 mg,
1.82 (m, 2H), 2.12 (t, 2H) = 7.5 Hz), 2.39 (m, 5H), 3.24  76%)."H NMR (CDCl) 6 1.39-1.56 (m, 8H), 1.91 (m, 2H),
(m, 2H), 3.36-3.49 (m, 5H), 3.73 (s, 7 H), 3.92 (m, 1H), 2.24-2.29 (m, 2H), 2.35 (m, 5H), 2.64 (t, 2H,= 7.2 Hz),
4.10 (bs, 2H), 4.50 (bs, 2H), 4.59 (s, 1H), 4.61 (s, 1H), 5.58 3.28 (M, 2H), 3.37 (m, 2H), 3.48 (m, 1H), 3.71 (s, 3H), 3.72
(m, 2H), 7.25-7.42 (m, 14H), 7.627.69 (m, 7H)13C NMR (s, 3H), 4.06 (t, 1H,]) = 10.35 Hz), 4.19 (m, 1H), 4.34 (s,
(CDCly) 6 17.59, 19.15, 21.45, 22.68, 26.75, 27.15, 28.42, 1H), 4.36 (s, 1H), 4.53 (s, 2H), 4.54 (s, 1H), 4.67 (s, 1H),
29.12, 29.15, 33.76, 33.85, 34.11, 45.14, 45.30, 51.66, 52.905.21 (m, 2H), 5.53 (m, 2H), 7.187.27 (m, 7H), 7.68 (d,
59.17,59.71, 61.39, 63.23, 65.46, 67.63, 68.72, 72.93, 73.012H, J = 8.2 Hz).*3C NMR (CDCk) 6 17.41, 19.50, 21.19,
98.61, 127.13, 127.27, 127.68, 128.13, 129.56, 134.40,21.42,22.32,27.27,28.09, 29.42, 31.26, 32.89, 33.45, 34.50,
135.41, 169.64, 178.83. MS (MK 972). 35.36, 44.62, 52.64, 52.99, 56.36, 62.44, 63.15, 67.18, 68.58,
Preparation of 11 (Step 5).To a solution ofl0 (1.66 g, ~ 102.24, 127.56, 128.42, 129.61, 131.47, 137.84, 143.74,

1.70 mmol) in THF (10 mL) was added a 1.0 M solution of 169.32, 172.46. MS (MH, 716).

TBAF (2.7 mL, 2.7 mmol), and the reaction mixture was Preparation of AGK (Step 8). To a solution of13 (28
stirred fa 3 h atroom temperature. Ether (30 mL) was then mg, 0.039 mmol) in 1,2-dichloroethane (6 mL) and methanol
added to the reaction mixture, and it was washed with a (14 mL) was added pyridinium-toluenesulfonate (39 mg,
saturated solution of aqueous MH (2x), the organic layer ~ 0.16 mmol), and the reaction mixture was stirred at’C0
was separated and dried over anhydrousS@g, and the for 12 h. It was then cooled to room temperature, and the
solvent was removed under reduced pressure. The crudesolvent was evaporated. The residue was then diluted with
material was then purified by flash chromatography (1:1 ether (20 mL) and washed with water{® The organic layer
hexane/ethyl acetate) to furniéth as an oily compound (1.19 was separated and dried over anhydrousS®, and the

g, 96%)."H NMR (CDCl;) 6 1.53-1.60 (m, 8 H), 1.83 (m,  solvent was removed under reduced pressure. The crude
2H), 2.14 (m, 2H), 2.14 (m, 2H), 2.37 (m, 5H), 3.19 (m, product was purified using flash chromatography (1:1
2H), 3.39-3.41 (m, 5H), 3.72 (s, 7H), 3.91 (m, 1H), 4.16 hexane/ethyl acetate) to give the desired macrocik&&

(s, 1H), 4.53 (s, 2H), 4.58 (s, 1H), 4.61 (s, 1H), 5.60 (m, as colorless oil (16.4 g, 82%3} NMR (CDCl) 6 1.44 (m,
2H), 7.23-7.32 (m, 7H), 7.69 (d, 2H] = 8.0 Hz).13C NMR 2H), 1.85 (m, 2H), 2.26 (m, 4H), 2.42 (s, 3H), 2.59 (m, 2H),
(CDCls) 6 17.60, 21.42, 22.32, 27.17, 27.29, 29.12, 29.30, 3.30 (m, 1H), 3.56 (m, 1H), 3.66 (m, 2H), 3.70 (s, 3H), 3.72
33.33, 33.51, 44.39, 44.85, 51.30, 52.54, 56.03, 56.36, 62.13(s, 3H), 4.11 (m, 1H), 4.21 (m, 2H), 5.16 (m, 1H), 5.45 (m,
62.44, 65.98, 67.16, 68.56, 73.25, 75.38, 97.62, 102.17,1H), 7.30 (d, 2H,J = 7.96 Hz), 7.72 (d, 2HJ = 8.2 Hz).
127.20, 127.50, 128.30, 129.52, 131.47, 137.96, 169.51,°C NMR (CDCk) 6 19.46, 21.91, 31.18, 32.71, 34.64, 35.28,
172.42. MS (MH, 734). 45.31, 52.90, 52.99, 56.70, 59.53, 61.09, 63.12, 126.05,
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127.57, 129.94, 132.52, 137.64, 143.74, 171.63, 171.76,This was followed by the following washings: 0.1 N aqueous
171.95. MS (MH, 512). NaOH (40 mL), and water (% 100 mL). The Kans were
(b) Solid Phase Chemistry. GeneralThe solid phase was  then stirred with saturated aqueous JOHfor 4 h and further
carried out with Unisphere 200 Merrifield HL resin (with a washed with the following solvents: water (6 100 mL),
loading of 1.21 mmol Cl/lg, 1% DVB, 7990 mesh) DMF (6 x 100 mL), MeOH (5x 100 mL), THF (3x 100
purchased from Irori. The chemistry was carried out in mL), and CHCI; (5 x 100 mL) and dried under high vacuum
macroKans, and radio frequency tags were used as a codingor 24 h.
device. Sorting was done manually. Preparation of 10 and 15 (Step 4)To preparel0, two
Preparation of a Batch of DHP Resin (10 g)A solution macroKans were sorted out and put into a 250 mL round-
of 3,4-dihydro-MH-pyran-2-methanol (7.0 g, 61 mmol) in  bottom flask, and CECl; (20 mL) was added to it. This was
DMF (70 mL) at room temperature was treated with NaH followed by addition of building block (262 mg, 1.2 mmol,
(2.5 g 62 mmol, 60% suspension in oil). After complete 5.0 equiv), DIC (0.19 mL, 1.2 mmol, 5.0 equiv), and DMAP
addition the reaction mixture was stirred at this temperature (59 mg, 0.48 mmol, 2.0 equiv). The Kans were stirred at
for 40 min. Then Merrifield resin (10 g, 12.1 mmol, 1.21 room temperature for 10 h and washed with the following
mmol Cl/g) was added to it. The mixture was then left to solvents: THF (3x 50 mL) and CHCI, (6 x 30 mL). The
shake on a platform shaker (at 200 rpm) for 18 h at room Kans were then dried under high vacuum for 12 h.
temperature. The suspension was reddish brown and was The two remaining Kans were used to prepabe They
quenched with water (4 mL), and the solvent was filtered were put into a 250 mL round-bottom flask, and £H} (20
off under suction using a sintered funnel. The resin was mL) was added to it. This was followed by addition of
washed several times with DMF, DCM (2 30 mL), MeOH building block14 (293 mg, 2.4 mmol, 10 equiv), DIC (0.38
(5 x 30 mL), and DCM (10x 50 mL) and dried at high  mL, 2.4 mmol, 10 equiv), and DMAP (117 mg, 0.96 mmol,
vacuum for over 48 h to give the desired product (10.13 g). 4 equiv). The Kans were stirred at room temperature for 10
This batch was later used for optimization studies in the Kans h and washed with the following solvents: THF {3 50
and subsequently for the library synthesis. mL) and CHCI, (6 x 30 mL). The Kans were then dried
Typical Procedure (Preparation of AGK and AGL, See under high vacuum for 12 h. Excess equivalents of reagents
Scheme 2)The amounts of equivalents of building blocks Wwere used in the latter case because benzoic Btignd
needed are calculated on the basis of original loading of also toluic and hexanoic acids, see building blocks L2 MO-
Merrifield resin (1.21 mmol Cl/g). and HON) was commercially available and was therefore
Preparation of 5 (Step 1). Four macroKans filled with  less valuable thas.
DHP resin (100 mg) were put into a 250 mL round-bottom  Preparation of 11 and 16 (Step 5)The four Kans were
flask, and about 60 mL of 1,2-dichloromethane was added pooled into a 250 mL round-bottom flask. THF (40 mL) was
to it. This was followed by addition of amino acid building added followed by TBAF (2.4 mL, 2.4 mmol, 5.0 equiv),
block 3 (655 mg, 2.4 mmol, 5 equiv) and pyridinium and the resulting mixture was stirred at room temperature
p-toluenesulfonate (542 mg, 2.16 mmol, 4.5 equiv). The Kans for 3 h. The Kans were then washed with the following
were then stirred at 76C for 48 h. After cooling the flask ~ solvents: saturated aqueous M} (3 x 100 mL), water (5
to room temperature, the solvent was sucked out underx 100 mL), DMF (6 x 100 mL), MeOH (6x 100 mL),
vacuum (water pump) and the Kans were washed with the THF (6 x 100 mL), and CHCI; (6 x 100 mL) and finally
following solvents: DMF (4x 100 mL), water (3x 100 dried under high vacuum.

mL), DMF (6 x 100 mL), MeOH (5x 100 mL), and CHCI, Preparation of 12 (Step 6).The two Kans containing1
(6 x 100 mL) and dried by means of a high vacuum pump were sorted and put into a 100 mL round-bottom flask for
for 12 h. the chlorination step. C¢I(20 mL) was added, and the

Preparation of 7 (Step 2).THF (40 mL) was added to  reaction mixture was cooled to 0C on an ice bath.
the above flask containing the four Kans, and the mixture Tributylphosphine (0.60 mL, 2.4 mmol, 10 equiv) was then
was cooled to ®C on an ice bath. Building block (816 added, and the Kans were stirred at this temperature for 20
mg, 2.4 mmol, 5 equiv) was added, then triphenyl phosphine min and at room temperature for 4 h. The Kans were then
(629 mg, 2.4 mmol, 5 equiv), and diethyl azodicarboxylate washed with the following solvents: GBI, (5 x 50 mL),

(38 mL, 2.4 mmol, 5 equiv). Stirring was continued for 20 THF/MeOH (1:1) (5x 50 mL), and CHCI, (6 x 50 mL)
min at this temperature and then at room temperature for 12and dried under high vacuum.
h. The solvent was then sucked out under vacuum, and the Preparation of 13 (Step 7).To the 100 mL round-bottom

Kans were washed with the following solvents: £H (3 flask containing the two Kans filled witi2 were added
x 100 mL), DMF/ether (1:1) (4 100 mL), and CHCI, (5 acetonitrile (60 mL) and GEO; (1.9 g, 6 mmol, 25 equiv).
x 100 mL) and dried under high vacuum. The mixture was stirred at 7 on a oil bath for 24 h. The

Preparation of 8 (Step 3).THF (40 mL) was added to  Kans were then cooled to room temperature and washed with
the above flask, and the mixture was cooled t&on an the following solvents: DMF (2« 100 mL), HO (3 x 100
ice bath. A solution of 1.0 M LAH (1.92 mL, 1.92 mmol, 4 mL), DMF (4 x 100 mL), MeOH (4x 100 mL), CHCI; (5
equiv) was subsequently added, and stirring was continuedx 100 mL) and dried under high vacuum.
at this temperature for 30 min. It was then stirred at room  Preparation of AGK (Step 8). To the two Kans in the
temperature for 3 h, the solvent was sucked under vacuum,100 mL round-bottom flask was added pyridiniup
and the Kans were quenched with ethyl acetate (100 mL). toluenesulfonate (602 mg, 2.4 mmol, 10 equiv) in 1,2-
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dichloroethane (6 mL) and methanol (14 mL), and the 2H), 3.36 (m, 1H), 3.69 (m, 4H), 3.71 (m, 3H), 3.95 (m,

reaction mixture was stirred at 7€ for 12 h. It was then

1H), 4.08 (m, 1H), 4.14 (m, 2H), 5.10 (m, 1H), 5.40 (m,

cooled to room temperature, and solvents were evaporatedlH), 7.33 (d, 2HJ = 7.97 Hz), 7.74 (d, 2HJ = 8.24 Hz).

off. The residue was diluted with GBI, (15 mL) and the
Kans were washed several times with portions 0bCHl(5
mL). The organic layer was combined and washed wi® H
(1x), separated, and dried over anhydrous®a, and the

13C NMR (CDCh) 0 19.28, 21.82, 21.90, 31.20, 32.39, 34.66,
35.22, 52.89, 52.94, 56.58, 125.75, 127.64, 129.94, 132.62,
137.88, 143.79, 171.62, 172.62. MS (MH526).

BHK: H NMR (CDCl;) ¢ 1.24 (d, 3H,J = 6.86 Hz),

solvent was rotovaporated. The crude compound was then1.73 (m, 4H), 2.25 (m, 4H), 2.59 (s, 3H), 2.61 (d, 2H+=
purified using flash chromatography (1:1 hexane/ethyl 7.69 Hz), 3.35 (m, 1H), 3.46 (m, 1H), 3.71 (bs, 4H), 3.92
acetate), and the desired compound was isolated as a whitgm, 2H), 4.21 (m, 1H), 5.08 (m, 1H), 5.40 (m, 1H), 7.30 (d,

oil (29 mg, 28% overall yield). All the spectral data were

2H, J = 7.96 Hz), 7.73 (d, 2H) = 8.21 Hz).**C NMR

identical to that of the authentic sample (synthesized in (CDCl) 6 20.26, 21.35, 21.89, 28.96, 30.55, 31.57, 35.03,

solution phase) as described above.
Preparation of AGL (Step 6). The experimental details
are the same as described above A@K. The desired

compound was isolated as a white oil (54 mg, 52% overall

yield). 'H NMR (CDCl) 6 2.42 (bs, 5H), 3.35 (m, 2H), 3.65
(dd, 2H,J = 4.39 Hz, 11.26 Hz), 3.72 (dd, 2H,= 3.84
Hz, 10.98 Hz), 4.26 (d, 2H) = 4.94 Hz), 5.79 (m, 2H),
7.26 (d, 2H,J = 10.98 Hz), 7.44 (m, 2H), 7.61 (m, 1H),
7.76 (d, 2H,J = 8.24 Hz), 8.07 (d, 2HJ = 8.51 Hz).:*C
NMR (CDCl) 6 21.92, 50.54, 55.56, 58.99, 63.88, 100.39,
127.65, 130.02, 130.34, 131.26, 133.82. MS (MMNN451).

(c) Solid Phase Combinatorial Synthesis of the Library.
General. The library of acyclic as well as macrocyclic

45.84, 52.93, 52.96, 57.03, 63.48, 64.20, 65.96, 125.06,
127.35, 130.03, 130.40, 137.86, 143.90, 171.38, 171.41,
171.87. MS (MH, 526).

BJK: H NMR (CDCk) 6 1.23 (d, 3H,J = 7.1 Hz), 1.42
(m, 2H), 1.72 (m, 4H), 2.22 (m, 4H), 2.43 (s, 3H), 2.54 (m,
2H), 3.16 (m, 2H), 3.67 (m, 2H), 3.70 (s, 3H), 3.71 (s, 3H),
3.95 (m, 1H), 4.21 (m, 1H), 5.18 (m, 1H), 5.45 (m, 1H),
7.35 (d, 2H,J = 7.41 Hz), 7.70 (d, 2H) = 8.24 Hz).:%C
NMR (CDCly) 6 19.85, 20.22, 21.94, 30.05, 30.27, 30.45,
32.12, 35.23, 36.41, 46.70, 52.97, 57.00, 64.06, 65.81,
125.72, 127.41, 130.22, 134.12, 137.10, 144.01, 171.52,
171.60, 172.21. MS (MH, 540).

DGK: H NMR (CDCl) 6 1.42 (m, 2H), 1.81 (m, 2H),

products was carried out according to Scheme 3 and used.27 (m, 4H), 2.58 (m, 2H), 3.31 (m, 1H), 3.53 (m, 1H),

the Irori technology with Unisphere 200 Merrifield HL resin
(with a loading of 1.21 mmol Cl/g, 1% DVB, 7090 mesh).

MacroKans (containing 100 mg of DHP linker bound resin)
were used for making the library of macrocycles, while
miniKans (containing 50 mg of DHP linker bound resin)
were used for making the library of acyclic compounds.

3.65 (m, 2H), 3.69 (s, 3h), 3.71 (s, 3H), 4.02 (m, 1H), 4.23
(m, 2H), 5.28 (m, 1H), 5.47 (m, 1H), 7.52 (m, 3H), 7.84 (d,
2H, J = 8.24 Hz).13C NMR (CDCE) 6 19.44, 31.17, 32.63,
34.61, 35.25, 45.26, 52.90, 53.00, 56.69, 59.47, 61.05, 63.00,
126.14, 127.53, 129.33, 132.42, 132.89, 140.60, 171.62,
171.77, 172.95. MS (MH, 498).

Radio frequency tags were used as a coding device, and DHK: H NMR (CDCk) 6 1.44 (m, 2H), 1.75 (m,2H),
sorting was done manually. The cleavage was carried out2.29 (m, 4H), 2.64 (d, 2H] = 7.69 Hz), 3.31 (m, 1H), 3.44

on 96 individual 100 mL round-bottom flasks each containing (m, 1H), 3.69 (m, 2H), 3.72 (s, 6H), 4.05 (m, 2H), 4.41 (m,
a single Kan according to the procedures described abovelH), 5.13 (m, 1H), 5.42 (m, 1H), 7.52 (m, 2H), 7.84 (d, 2H,
for compoundsAGK and AGL. The final products were  J = 7.96 Hz).3C NMR (CDCk) ¢ 20.62, 24.66, 29.53,
purified using flash chromatography with suitable solvent 30.90, 32.03, 35.07, 45.52, 52.97, 53.00, 56.99, 58.70, 60.84,

system and characterized By NMR, *3C NMR, and LCMS.
Spectral data for macrocyclegtHK: *H NMR (CDCly)
0 1.45 (m, 2H), 1.85 (m, 2H), 2.28 (m, 4H), 2.42 (s, 3H),

64.11, 125.09, 127.22, 127.55, 129.33, 129.47, 130.19,
133.02, 140.59, 171.38, 171.44, 172.74. MS (MH98).
DJK: *H NMR (CDCl) 6 1.42 (m, 2H), 1.70 (m, 4H),

2.59 (m, 2H), 3.29 (m, 1H), 3.56 (m, 1H), 3.68 (M, 2H), 2.08 (m, 2H), 2.21 (m, 2H), 2.54 (m, 2H), 3.14 (m, 1H),
3.70 (s, 3H), 3.72 (s, 3H), 4.18 (M, 1H), 4.20 (m, 2H), 5.16 3.21 (m, 1H), 3.70 (m, 2H), 3.71 (s, 3H), 3.73 (s, 3H), 3.97
(m, 1H), 5.43 (m, 1H), 7.30 (d, 2H} = 7.96 Hz), 7.72 (d,  (m, 2H), 4.36 (m, 1H), 5.14 (m, 1H), 5.42 (m, 1H), 7.60
2H,J = 8.24 Hz).13C NMR (CDCk) 6 19.46, 21.91, 31.18,  (m, 3H), 7.87 (d, 2H,J = 7.96 Hz).2*C NMR (CDCk) 6
32.70, 34.64, 35.28, 45.30, 52.90, 52.99, 56.70, 59.52, 61.09,20.00, 30.22, 30.26, 35.08, 36.53, 46.60, 52.94, 56.93, 59.18,
63.12, 126.05, 127.57, 129.94, 132.51, 137.64, 143.74,61.68, 64.07, 125.85, 127.27, 129.50, 132.94, 134.23, 140.44,
171.39, 171.76, 172.96. MS (MH512). 171.54, 171.59, 172.95. MS (MH512).

AJK: 'H NMR (CDCls) 6 1.43 (m, 2H), 1.69 (m, 4H), EGK: H NMR (CDCl) ¢ 1.23 (d, 3H,J = 6.31 Hz),
2.11 (m, 2H), 2.25 (m, 2H), 2.41 (m, 3H), 2.55 (m, 2H), 1.40 (m, 2H), 1.60 (M, 2H), 2.26 (M, 4H), 2.55 (s, 3H), 2.57
3.19 (m, 2H), 3.69 (M, 2H), 3.56 (M, 1H), 3.70 (s, 3H), 3.71 (m, 2H), 3.34 (m, 1H), 3.69 (bs, 4H), 3.70 (s, 3H), 3.92 (m,
(s, 3H), 3.86 (m, 1H), 3.95 (m, 1H), 4.34 (M, 1H), 5.19 (m, 1H), 4.18 (m, 2H), 5.17 (m, 1H), 5.35 (m, 1H), 7.57 (m,
1H), 5.23 (m, 1H), 7.30 (d, 2H] = 7.96 Hz), 7.72 (d, 2H,  3H), 7.86 (d, 2H,) = 7.96 Hz).13C NMR (CDCk) & 19.29,

J = 8.20 Hz).13C NMR (CDCk) 6 13.96, 19.96, 21.89,  21.94, 24.89, 31.23, 32.37, 33.10, 34.63, 35.23, 52.90, 52.96,
24.58, 24.63, 30.23, 30.36, 32.20, 35.18, 36.48, 46.42, 52.9456.58, 63.41, 66.65, 125.88, 127.63, 129.33, 132.54, 132.91,
56.94, 59.04, 61.50, 64.24, 125.75, 127.28, 130.08, 134.27,140.87, 171.58, 171.64, 172.62. MS (MH512).

137.49, 143.74, 171.54, 171.62, 172.88. MS (MI526).
BGK: 'H NMR (CDCls) 6 1.23 (d, 3H,J = 6.3 Hz), 1.40
(m, 2H), 1.71 (m, 2H), 2.24 (m, 4H), 2.43 (s, 3H), 2.56 (m,

EHK: H NMR (CDCL) 6 1.23 (d, 3H,J = 6.0 Hz), 1.44
(m, 2H), 1.73 (m, 2H), 2.25 (m, 4H), 2.62 (m, 2H), 3.36
(m, 1H), 3.54 (m, 1H), 3.71 (s, 6H), 3.76 (m, 2H), 4.12 (m,



Solid Phase Synthesis of a Macro-Heterocycle Library

2H), 4.20 (m, 1H), 5.09 (m, 1H), 5.42 (m, 1H), 7.55 (m,
3H), 7.86 (d, 2HJ = 7.96 Hz).3C NMR (CDCk) 6 20.32,
21.42, 24.60, 24.66, 24.89, 28.93, 30.04, 30.56, 31.57, 35.00,
45.90, 52.95, 57.04, 63.54, 64.14, 65.96, 125.14, 127.33,
127.62, 129.34, 129.42, 130.33, 133.62, 140.84, 171.40,
171.85. MS (MH, 512).

EJK: IH NMR (CDCl) 6 1.21 (d, 3H,J = 6.30 Hz),
1.37 (m, 2H), 1.75 (m, 4H), 2.16 (m, 4H), 2.53 (m, 2H),
3.14 (m, 2H), 3.69 (m, 2H), 3.71 (bs, 6H), 3.97 (m, 1H),
4.22 (m, 1H), 5.12 (m, 1H), 5.41 (m, 1H), 7.60 (m, 3H),
7.83 (d, 2H,J = 8.2 Hz).3C NMR (CDCk) 6 19.91, 20.34,
21.41, 30.06, 30.47, 32.20, 35.10, 36.50, 46.01, 52.94, 56.97,
60.68, 63.84, 65.97, 125.78, 127.41, 129.57, 133.10, 134.07,
140.10, 171.50, 172.27. MS (MK 526).

FGK: H NMR (CDCl) 6 1.45 (m, 2H), 1.87 (m, 2H),
2.21 (m, 2H), 2.61 (m, 4H), 3.27 (m, 2H), 3.58 (m, 2H),
3.70 (s, 3H), 3.73 (s, 3H), 3.95 (m, 1H), 4.12 (m, 2H), 5.19
(m, 1H), 5.44 (m, 1H), 6.71 (d, 2Hl = 8.51 Hz), 6.93 (d,
2H,J=8.51 Hz), 7.55 (m, 3H), 7.87 (d, 2H,= 8.21 Hz).
13C NMR (CDCh) 6 19.31, 24.67, 31.07, 32.33, 34.67, 35.28,
35.34, 37.54, 44.02, 52.85, 52.94, 56.70, 59.28, 63.45,
115.88, 126.28, 127.59, 129.01, 129.30, 130.19, 131.85,
132.77, 140.68, 154.91, 171.67, 172.85. MS (MI1374).

FHK: H NMR (CDCl) 6 1.47 (m, 2H), 1.86 (m, 2H),
2.29 (m, 2H), 2.65 (m, 4H), 3.27 (m, 2H), 3.46 (m, 2H),
3.72 (s, 6H), 3.95 (m, 1H), 4.27 (m, 2H), 5.14 (m, 1H), 5.43
(m, 1H), 6.72 (d, 2H,J = 8.50 Hz), 6.90 (d, 2HJ = 8.51
Hz), 7.25 (m, 3H), 7.81 (d, 2H) = 6.90 Hz).'3C NMR
(CDCls) 6 20.46, 22.91, 29.45, 30.04, 34.65, 37.56, 45.14,
52.95, 56.82, 59.02, 64.81, 66.17, 115.87, 127.26, 129.35,
130.25, 131.07, 132.80, 154.78, 171.26, 172.35. MS {(MH
574).

FJK: *H NMR (CDCl3) 6 1.42 (m, 2H), 1.90 (m, 4H),
2.21 (m, 2H), 2.55 (dd, 2H] = 4.40 Hz, 13.71 Hz), 2.81
(dd, 2H,J = 3.84 Hz, 14.01 Hz), 3.25 (m, 2H), 3.66 (m,
2H), 3.73 (s, 3H), 3.79 (s, 3H), 3.96 (m, 1H), 4.28 (m, 2H),
4.98 (m, 1H), 5.21 (m, 1H), 6.72 (m, 2H), 6.91 (m, 2H),
7.52 (m, 3H), 7.90 (m, 2H)}3C NMR (CDCk) ¢ 20.55,
22.85, 24.10, 24.68, 25.50, 32.00, 33.82, 36.07, 51.61, 52.90,
53.08, 55.64, 62.61, 64.80, 115.86, 126.73, 127.41, 129.08,
129.36, 130.14, 131.64, 132.67, 138.25, 171.29, 172.63. MS
(MH™, 588).
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