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Total Synthesis of Balanol and Designed Analogues 

K. C. Nicolaou,” Kazunori Koide and Mark E. Bunnage 

Abstract: The total synthesis of balanol, a 
potent protein kinase C inhibitor isolated 
from the fungus Verticillium balanoides, is 
described. The hexahydroazepine frag- 
ment was prepared from D-serine through 
a sequence of reactions including the 
diastereoselective allylboration of a 
derived amino aldehyde and a base-in- 
duced 7-exo-1ei ring closure as key steps. 
The benzophenone fragment was secured 
through the initial coupling of the two 

Introduction 

functionalised aromatic components ketone bridge. After coupling of the two 
through an ester linkage, followed by in- balanol domains, the adoption of benzyl- 
tramolecular nucleophilic attack of an derived protecting groups for the latent 
aryl lithium derivative to  form the desired functionalities then allowed the libera- 

tion of balanol in a single step by 
catalytic hydrogenolysis. Finally, the 
newly developed synthetic strategy was 
applied to  the synthesis of a variety of de- 
signed balanol analogues for biological 
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Recent years have witnessed an increasing awareness of the 
importance of protein kinases as pivotal mediators in an array 
of cellular events. Although the number of known protein kinas- 
es continues to  expand, the interest associated with protein ki- 
nase C (PKC) remains unparalleled!’] Protein phosphorylation 
mediated by PKC is known to lead to  a range of cellular re- 
sponses, including gene expression and cell proliferation,[’* ’] 
and activated PKC has been implicated in conditions as diverse 
as cancer, cardiovascular disorders, asthma, inflammation, dia- 
betes, CNS dysfunction and HIV infection.tz1 In particular, the 
observation that the tumour-promoting phorbol esters cause 
unfettered PKC activationrtd] has suggested that effective in- 
hibitors of PKC could prove useful in cancer chemotherapy. 

Balanol (1, Fig. l ) , I 3 1  a metabolite produced by the fungus 
Verticillium balanoides, represents a significant new develop- 
ment in the quest for effective inhibitors of PKC. Balanol has 
been found to  inhibit the majority of P K C  isozymes in the low 
nanomolar range and its novel structure serves as a new lead for 
the development of potent and selective PKC inhibitors. Such 
an endeavour may not only provide useful tools for illuminating 
signal transduction pathways involving PKC, but may also re- 
sult in the introduction of novel drugs with considerable thera- 
peutic value.[’1 In this paper we present full details of our recent 
total synthesis of balanol,’4’ and demonstrate the utility of the 
newly developed synthetic strategy by the preparation of a vari- 
ety of balanol analogues for biological evaluation. 
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evaluation. 

Fig. 1 .  Strategic bond disconnec- 
tions of balanol. 

OH 

Cyclisation 

1: balanol 

Total Synthesis of Balanol 

Retrosynthetic Analysis and Strategy : The structural features of 
balanol suggested the strategic bond disconnections illustrated 
in Figure 1. Balanol is in essence comprised of two major do- 
mains coupled through a central ester linkage. The hexahy- 
droazepine-containing fragment can be simplified by removal of 
the 4-hydroxybenzoic acid segment through dissection of the 
amide moiety. We expected that the 7-membered hexahy- 
droazepine ring could be secured through the intramolecular 
displacement of a suitable leaving group by an amino-derived 
nucleophile; this 7-exo-tet cyclisation is formally allowed ac- 
cording to  Baldwin’s rules.[’] Furthermore, the potential to gen- 
erate the hexahydroazepine stereogenic centres through stere- 
ocontrolled addition of a n  appropriate nucleophile to  a 
homochiral a-amino aldehyde derivative was attractive in view 
of the ready availability of potential homochiral amino acid 
precursors such as D-serine. 

We envisioned synthesising the remaining benzophenone do- 
main of the molecule through conventional Stille-type coupling 
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of the appropriately substituted acid chloride and arylstannane 
components suggested by the disconnection shown in Figure 1. 
It was anticipated that commercially available 4-bromo-3,S-di- 
hydroxybenzoic acid could be simply elaborated to deliver the 
acid chloride fragment and a regioselective metallation of a 
3-hydroxybenzoic acid surrogate was expected to provide its 
arylstannane counterpart. 

Finally, the amino acid nature of balanol suggested the use of 
benzyl-derived protecting groups for the functional groups not 
involved in the coupling steps, since this should allow facile 
liberation of the natural product by hydrogenolysis. 

Synthesis of the Hexahydroazepine Domain: Our synthetic ap- 
proach to the hexahydroazepine fragment is presented in 
Scheme 1. The readily available homochiral amino acid D-serine 

2: D-serine 3 : R = H  
G 4 :  R = TPS 

[Boc = CO2'Bul 
VPS = Si'BuPh~l 

\\ 

OTPS 

6 5 

7:R=OH 

lc9: R = N3 

, G 10: R = TPS 
' hc8: R = OMS 

[Z = CO,Bn] 
[Ms=SO,MeI 

Scheme 1 .  Synthesis of the hexahydroazepine ring system. Reagents and condi- 
tions: a) 1.2 equiv of (Boc),O. 2.1 equiv of NaOH. 1.4-dioxane. H,O, 0+25"C.  
2 h. 100%: b) 1.1 equiv of K,CO,, 2.0 equiv of Mel. DMF. 0 -. 2S"C, 2 h, 100%; 
c)1.2equivofTPSCI,1.4equivofimidazole,DMF,25"C. 14h,I00%;d)2.5equiv 
of DIBALH. toluene. -78 'C. 1.5 h; e) 1.8 equiv of allyl-B('Ipc),. Et,O. -78°C. 
3.5 h;  ethanolamine; f) 5.0 equiv of 2.2-dimethoxypropane. 0.01 equiv of CSA, 
CH,CI,. 25 "C, 3 h, 68% (3 steps); g) 2.2 equiv of 9-BBN. THF, 0 - 25°C. 20 h ;  
NaOH. H,O,. 0 - + 2 5 " C ,  5 h ,  97%; h) 1.2equiv of MsCI. 1.Sequiv of Et,N, 
CH,CI,.O"C. 10 min; 1)6.O equiv of NaN,. DMF. 25°C. 24 h.98% (2steps); j) H,, 
0.1 equiv of Pd/C. THF, 19 h ;  k) 1.15 equiv ofbenzyl chlorocarbonate, 3.0 equiv of 
NaOH, 1.4-dioxane, H,O. O'C, 15 min. 100% (2 steps): I )  1.2 equiv ofTBAF, THF, 
25°C. 1 6 h , 9 6 % ; m )  1.2equivofMsCI. ISequivof  E I , N . C H , C I , , O " C . ~ O ~ ~ ~ :  
n) 1.2 equiv of KOtBu added over 1 h at 0.02 M, T H E  25 "C. 80 YO (2 steps); 0) excess 
TFA. CH,CI,. 25°C. 1 h; p) 1.5 equiv ofp-(benzy1oxy)benzoyl chloride, 5.0 equiv 
of Et,N. CH,CI,, 0-25"C. 1.5 h, 73% (2  steps). Boc = C0,rBu; TPS = 
rBuPh,Si; DIBALH = di-i-butylaluminium hydride; allyl-B('lpc), = I-allyldi- 
isopinocampheylborane; CSA = (+)-camphorsulfonic acid; 9-BBN = 9-bordbicy- 
clo(3.3.l)nonane; Ms = MeSO,; TBAF = tetra-n-butylammonium fluoride: 
TFA = CF,CO>H. 

was first protected as its N-Boc derivativeI6] by treatment with 
di-fur-butyl dicarbonate (Boc,O) and then converted to the 
methyl ester 3 with methyl iodide and potassium carbonate.[61 
The remaining hydroxyl group was then silylated to give the 
fully protected derivative 4 in quantitative overall yield. 

Reduction of 4 with excess DIBALH afforded the corre- 
sponding amino aldehyde,I6* 'I which was not isolated but in- 
stead treated in situ with Brown's diisopinocampheylborane 
reagent,''' allyl-B('Ipc),, to yield a 12: 1 mixture of amino alco- 
hol diastereoisomers 5. The stereochemical outcome of ally- 
boration with diisopinocampheylborane is known to be mainly 
determined by the chirality of the reagent, with the stereodirect- 
ing effect due to the substrate being largely overridden.['] We 
therefore effected allylboration using the reagent derived from 
(-)-a-pinene, since this was expected to deliver the desired syn 
amino alcohol arrangement.l'l Indeed, confirmation of the syn 
configuration of 5 was obtained by desilylation with TBAF and 
conversion to the known acetonide 15 (Scheme 2).[91 The cou- 

15 5 

Scheme 2. Determination of configuration of compound 5: for 15, JH.,Hb = 1.7 Hz 
(ref. 19) JH.,Hb = l S H z ) .  Reagents and conditions: a )  1.2equiv of TBAF, T H E  
25 "C, 16 h; b) excess 2-methoxypropene. 0.1 equiv of CSA. CH,CI,. 25°C. 1 h. 

pling constant for the vicinal ring protons in 15 (JHaHb = 1.7 Hz) 
correlated closely with that reported in the literature for this 
material (JHaHb = 1.5 H z ) [ ~ ]  and was inconsistent with that de- 
scribed for the acetonide derived from the alternative anfi 
diastereoisomer (JHaHb = 9.5 Hz).19] 

Although this allylation reaction was successful, we were also 
interested in the possibility of synthesising the syn j-amino alco- 
hol 5 by a purely substrate-controlled nucleophilic addition. For 
example, the allylation of 16 was attempted by reaction 
with allyltrimethylsilane promoted by tin tetrachloride"'' 
(Scheme 3) but this approach only afforded the desired adduct 
5 with poor syn selectivity (3: 1) and in low yield (40%). We also 
investigated the potential for the diastereoselective reduction of 
a variety of protected a-amino ketones (Scheme 4). Unfortu- 
nately, despite extensive investigation, only poor to moderate 
syn selectivities were obtained (Table 1 ) .  Surprisingly, however, 
it did prove possible to achieve excellent anti selectivity in the 
reduction of ketone 18 with the tetramethylammonium triace- 

0 OH 

H+oR + 

NHBoc NHBoc NHBoc 
16 (R=TPS) 5 17 

5:17 = 3 1  

Scheme 3. Allylation of amino aldehyde 16. Reagents and conditions: a) 2.0 equiv 
of allyltrimethylsilane. 1.2 equiv of SnCI,. CH,CI,, -78 "C, 1 h. 40%. 

&OR 

19 
NHBoc 

Scheme 4. Reduction of allylic ketones 18. 
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Table 1. Stereoselectivities of the reduction of ketones 18 (Scheme 4). 

R Reducing agent Solvent Yield ("A) [a] 19:ZO 

H L-select ride 
Me,NB(OAc),H 

-C(OMe)Me, LiAIH, 
NaBH, 
NaBH, + CeCI, 
K-Selectride 
L-Selectride 
L-Selectride + TMEDA 

TBS L-Selectride 
PMB L-select ride 

T H F  51 
AcOH/MeCN 47 
Et,O 25 
MeOH/THF 28 
MeOH 13 
T H F  82 
T H F  70 
TH F 62 
T H F  19 
TH F 72 

1.3 
<5:  2 9 5  

1 . 5  
1.3  
1:4 
2: 1 
4: 1 
5:l 
1 : l  
3:l 

[a] For 2 steps from the corresponding Weinreb amide. 

toxyborohydride reagent developed by Evans." 'I These experi- 
ments led us to conclude that the reagent-controlled allylbora- 
tion reaction described above was the most convenient method 
for the generation of the stereogenic centres within balanol; we 
then concentrated on the conversion of 5 to the hexahy- 
droazepine ring system (Scheme 1). 

Firstly, amino alcohol 5 was protected as the corresponding 
acetonide (68% yield from 4), and this material was then hy- 
droborated with 9-BBN to deliver the alcohol 7 in 97% yield 
upon workup with alkaline hydroperoxide. This alcohol was 
then converted to the corresponding mesylate (8), which was 
subsequently displaced by sodium azide to  furnish 9 in 98% 
overall yield. Reduction of the azide group over 10% Pd/C was 
followed by protection of the resultant amino moiety as its 
benzyloxycarbonyl (Z) derivative to deliver 10 in quantitative 
overall yield. In order to prepare for closure of the hexahy- 
droazepine ring, the primary alcohol within 10 was exposed by 
desilylation with TBAF (96% yield), and then converted to the 
corresponding mesylate derivative (12). The Pexo-tet cyclisa- 
tion was then effected by treatment of 12 with a slight excess of 
potassium [err-butoxide in THF at  ambient temperature under 
moderately dilute conditions (0.02 M) to afford the protected 
hexahydroazepine fragment 13 in 80% overall yield. The alter- 
native addition process, whereby the substrate was added to 
potassium (err-butoxide solution, afforded only a trace amount 
of the cyclised product. 

We selected a rigid acetonide protecting group for the precur- 
sor 12, postulating that this would reduce the unfavourable 
entropy factors associated with inrramokcular mesylate dis- 
placement and thus encourage cyclisation. To lend weight to this 
hypothesis, we examined the cyclisation of the unsubstituted 
hexahydroazepine precursor 21. Interestingly, under an identi- 
cal set of conditions, the cyclisation of 21 did lead to a somewhat 
lower yield of the corresponding hexahydroazepine (22) than 
that observed when 12 was used (Scheme 5). 

[Z=CO,Bn] l3 

,,,,,,,OMS b_ 
ZHN 

21 i 22 
Scheme 5. Comparison of hexahydroazepine nng system closures. Reagents and 
conditions: a) 1.2 equiv of KOfBu, 0 . 0 5 ~ .  THF, 25°C. 1 h. 69%: b) 1.2equiv of 
KOIBu. 0 . 0 5 ~ .  THF, 25°C. 1 h. 46%. 

Finally, conversion of 13 to the targeted fragment 14 was 
readily achieved by removal of the Boc and acetonide protecting 
groups with trifluoroacetic acid (TFA) and subsequent derivati- 
sation of the resultant free amino alcohol by treatment with 
Cbenzyloxybenzoyl chloride (73 YO overall yield). Large quanti- 
ties of the key balanol component 14 could thus be secured in 
36 O h  overall yield from D-serine by means of the above sequence 
of reactions. 

Synthesis of the Benzophenone Domain: With the hexahydro- 
azepine fragment of balanol successfully prepared, we anticipat- 
ed that the remaining benzophenone domain could be synthe- 
sised by utilisation of a Stille coupling" 21 of the appropriately 
functionalised acid chloride and arylstannane components sug- 
gested by the disconnection in Figure 1. Indeed, our initial ef- 
forts focussed upon attempts to couple the arylstannane 25 with 
the acid chloride 26 (Scheme6). The generation of the acid 

28: R2 OBn. 23: R' = H 26: R2 = OBn. 
24: R' = Li R3 = CH2OTPS R3 = CHZOTPS 
25: R' = SnBu3 27: R2 = R3 = H 29: R 2 = R 3 = H  

Scheme 6. Attempted Stille coupling approach to the benzophenone domain 

chloride fragment was smoothly achieved through treatment of 
the corresponding benzoic acid with oxalyl chloride and a cata- 
lytic amount of N,N-dimethylformamide (DMF) .  The acid it- 
self was readily prepared, as anticipated, from 4-bromo-3,5-di- 
hydroxybenzoic acid (vide infra). 

Our choice of 25 as the arylstannane counterpart was based 
on the ready availability of the oxazoline 23t13*141 and its 
straightforward conversion to 25 through initial regioselective 
lithiation and subsequent transmetallation by treatment with 
tributyltin chloride." Unfortunately, however, all attempts to 
couple 25 and 26 proved unsuccessful, despite the investigation 
of an extensive range of catalysts and conditions. Furthermore, 
although it has been reported that lithiated oxazolines related to 
24 can react with acid chlorides to  form the corresponding ben- 
zophenones directly,[I6] we were unable to couple 24 with 26. 
These results suggested that coupling was frustrated by an over- 
powering degree of steric congestion; the observation that both 
the aryllithium 24 and the arylstannane 25 could be coupled 
with benzoyl chloride (27) to provide 29 in good yield supports 
this contention. We therefore considered alternative methods to 
obtain the benzophenone. In particular, we wanted to ascertain 
whether an aryllithium species such as 31 would undergo in- 
tramolecular attack at  the ester moiety["] and thus generate the 
desired ketone linkage between the two aromatic components 
(Scheme 7). Indeed, such a rearrangement might be expected to 
prove very favourable in the light of the greater thermodynamic 
stability of the resultant alkoxide ion. In addition, we anticipat- 
ed that the prerequisite aryllithium species would be readily 
obtainable from the corresponding aryl bromide by low temper- 
ature halogen-metal exchange with n-butyllithium since this 
reaction is known to proceed at  a significantly greater rate than 
the alternative pathway of ester To test this method- 
ology, the ester 30 was prepared from the corresponding com- 
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0 OMe 0 OMe 

Li Me0 
30 31 

Scheme 7. Model study for new benzophenone strategy. Reagents and conditions: 
a) nBuLi. THF. -98 - -78°C. 0.5 h: aq. NaHC03. 87%. 

mercially available carboxylic acid and alcohol. To our delight, 
treatment of 30 at  low temperature ( -  98°C) with n-butyl- 
lithium followed by warming the reaction mixture to ambient 
temperature and protic workup resulted in the formation of the 
benzophenone 32, which was isolated in 87% yield. 

We then attempted to  generate the targeted benzophenone 48 
using this method. The necessary ester precursor 41 was pre- 
pared as follows (Scheme 8): firstly, the alcohol component (35) 
of ester 41 was prepared from 3-benzyloxybenzaldehyde (33) by 
a two-step sequence. Aldehyde 33 was subjected to regiospecific 
lithiation by the protocol developed by corn in^.['^^ and this 
aryllithium species was trapped with 1,2-dibromotetrafluoro- 
ethaneIzo1 to  deliver the bromide 34 as a single regioisomer in 
77% yield. DIBALH reduction of this aldehyde then furnished 
the benzyl alcohol 35 in 96% yield. As indicated above, com- 
mercially available carboxylic acid 36 proved a convenient pre- 
cursor for the acid component (40) of ester 41. Tribenzylation of 
36 with benzyl bromide and potassium carbonate in D M F  oc- 
curred smoothly (96% yield) and the resultant benzyl ester 37 
was reduced with DIBALH to the corresponding primary alco- 
hol 38 (100Y0 yield), which was finally silylated to  afford 39 in 
82% yield. This material was then subjected to lithium-halogen 
exchange with n-butyllithium, and the resulting aryllithium spe- 
cies was trapped with carbon dioxide to  provide the desired 
carboxylic acid 40 in good yield (60% overall). 

The coupling of 35 and 40 was most eficiently achieved by the 
Mitsunobu which gave the target ester 41 in 93% 
yield. Interestingly, we found that mechanistically divergent 
methods of ester formation, namely those which proceed 
through attack of the alcohol a t  an activated acid derivative 
(e.g., DCC, acid chloride, etc.), resulted in poor yields of41, and 
this again presumably reflected the degree of steric congestion at  
the carbonyl centre. As anticipated, the aryllithium species re- 
sulting from the low temperature ( -  98 "C) treatment of41 with 
n-butyllithium successfully underwent the desired rearrange- 
ment to afford the corresponding alcohol (42) upon protic 
workup. Although this material could be isolated, it proved 
somewhat unstable, and direct oxidation to aldehyde 43 (65% 
yield from 41) with TPAP/NMO["] was generally more conve- 
nient. With this material in hand, we then employed sodium 
chlorite 0xidation1~~1 to secure the carboxylic acid 44, which was 
readily converted to  the benzyl ester 45 in the normal manner 
(96 % yield from 43). Subsequent TBAF-mediated desilylation 
of 45 provided the alcohol 46 (95% yield), which was in turn 
subjected to TPAP/NMO oxidation to  give the aldehyde 47 
(70% yield). Finally, oxidation of this aldehyde with sodium 
chlorite proceeded smoothly (95 % yield) to furnish the protect- 
ed balanol benzophenone component 48. Utilisation of the 
above approach thus allowed for the preparation of large quan- 

CHO CHO f O H  

33 34 35 

HOQ Br H B n O q O B n  Br , B n O q  C02H Bn - - 
/ 

COiH R 

36 37: R = C02Bn 40 
L38: R = CH20H ' c 3 9 :  R = CH20TPS 

OTPS 

'J 
0 OBn 

F o a O T P S  Br BnO 

6Bn  41 

~ ~ 4 2 :  R = CH2OH ~ 0 OBn 

J L ~ ~ : R = c o ~ H  I 
k L 4 5 :  R = C02Bn 

43: R = CHO 

OTPS 
OBn BnO 

C02Bn 0 

47:R=CHO 46: R = C H 2 O H ( f &  I 

Scheme 8. Synthesis of the benzophenone system 48. Reagents and conditions: a) 
1.03 equiv of nBuLi. 1.07 equiv of MeNHCH,CH,NMe,. PhH. 0 -t 25 "C. 0.5 h;  
aldehyde, 0 --* 25 "C. 0.5 h: 3.0 equiv of PhLi, 0 - 25°C. 7.5 h; 4.0 equiv of 1.2- 
dibromotetrafluoroethane, THF, -78 -25"C, 0.5 h; 0°C. 77%; b) 1.2 equiv of 
DIBALH, CH,CI,, -78-0°C. 1 h, 96%; c) 3.3equiv of BnBr, 5.0equiv of 
K,CO,, DME 25°C. 4 h ,  96%; d) 24equiv of DIBALH. CHJI,. -78-0°C. 
1 h. 100%;e)l .2equivofTPSCI, 1.5equivofimidazole.DMF,25'C, 1 h.82%;f) 
1.1 equiv of nBuLi. T H E  -98 - -78°C. 0.5 h; excess CO,. -78 + 25'C. 0.5 h;  
aq. KHS04, 60%; g) 1.1 equiv of DEAD, 1.1 equiv of Ph,P. THF, 0 -25°C. 
40min.93%;h)1.05 equivofnBuL1,THF. -98 - -78"C,O.5 h ,86%;i ) lSequiv  
ofNMO.0.OSequivofTPAP. CH,CN.2S°C.0.S h. 75%;j)3.OequivofNaCIO,. 
3.0 equiv of NaH,PO,, 8.0 equiv of 2-methyl-2-butene, THF, rBuOH, H,O. 25 "C. 
8 h, 9 8 % :  k) 2.0equiv of BnBr, 3.0equiv of K,CO,, DMF, 25°C. 1 h, 98%; I )  
1.2 equiv of TBAF, THF. 25 "C, 10 min, 9 5 % ;  m) 1.5 equiv of NMO. 0.05 equiv of 
TPAP. CH,CN. 25 "C. 0.5 h. 70%; n) 3.0 equiv of NaCIO,. 3.0 equiv of NaH,PO,. 
8.0 equiv of2-methyl-2-butene. THF, rBuOH, H,O. 25 'C, 1 h, 95%. En = PhCH,; 
DEAD = diethyl azodicarboxylate; NMO = 4-methylmorpholine N-oxide: 
TPAP = tetra-n-propylammonium perruthenate(vl1). 

48: R = C02H OBn BnO R 

tities of the targeted benzophenone fragment in 17% overall 
yield from 36 (longest linear sequence). 

Coupling of Domains and Generation of Balanol: The union of 
the two protected components 14 and 48 was successfully ac- 
complished by esterification by means of a modified Mukaiya- 
ma proceduret241 to give the fully protected balanol progenitor 
49 in 79% yield (Scheme 9). The adoption of benzyl-derived 
protecting groups for the latent functionalities in this coupling 
step was rewarded here: mild palladium-catalysed hydrogenoly- 
sis of 49 at  ambient temperature in formic acid resulted in the 
generation of balanol (1) as a yellow solid in quantitative yield 
( 2 9 0 %  purity).1251 Final purification was achieved by a combi- 

Chem. Eur. J.  1995. I, No. 7 (9 VCH Verlagsgesellschaft mbH, 0 4 9 4 5 1  Weinheim, 1995 09474539/9S/OlO7-04S7 $30.00+ .ZS/O 457 



FULL PAPER 

C02Bn 9 OBn 

Scheme9. Coupling of fragments 14 and 48 and generation of balanol (1). 
Reagents and conditions: a) I 3 equiv of 2-chloro-l -methylpyridiniurn iodide, 
2.0equivofEtJN.0.5equivofDMAP,CH,CI,.25"C.3 h,79%;b)2,8equivofPd 
black, HC0,H. 25-C. 7 h. 80%. DMAP = 4-dimethylaminopyridine. 

nation of normal-phase and reversed-phase preparative TLC to 
provide a sample of balanol in 80 % yield which exhibited char- 
acterisation data consistent with the proposed structure and a 
' H N M R  spectrum that correlated precisely with that of an 
authentic sample.[261 Furthermore, synthetic balanol proved to 
be as active an inhibitor of PKC as the natural product 
[IC,, = 4 nM; rat brain kinases (Ca" dependent)].1271 

Design and Synthesis of Balanol Analogues 

Having accomplished the total synthesis of the natural product, 
we were now able to use the same strategies to prepare a variety 
of new balanoids for biological evaluation.[271 In particular, we 
wished to identify the functional group requirements for PKC 
inhibition, with the eventual aim of preparing a highly selective 
inhibitor of equal potency to balanol and even more synthetical- 
ly accessible. We hypothesised that the inhibitory properties of 
balanol stemmed from its potential to mimic ATP at the PKC- 
catalytic domain, and designed analogues accordingly. These 
studies will be described in full detail elsewhere;'271 here we 
report the chemical synthesis of our designed balanoids. 

At the outset of our analogue program we required access to 
model compounds for both the benzophenone and hexahy- 
droazepine domains of balanol for individual testing. Conse- 
quently, compound 51 (Fig. 2) was selected as an ideal model of 
the benzophenone fragment and was readily prepared 
(Scheme 10) by conversion of the protected benzophenone do- 
main 48 to the corresponding methyl ester (100% yield) fol- 
lowed by hydrogenolysis of the benzyl groups (92 'YO yield). Sim- 
ilarly, the hexahydroazepine fragment 52 (Fig. 2) was readily 
prepared (Scheme 10) by the cleavage of the protecting groups 
in 14 (l00Y0 yield). 

The finding that both domains were required for activity. 
together with results from molecular modelling studies,t2'1 led 
us to conclude that the balanol backbone should be retained. 
Furthermore, our modelling studies suggested that the ana- 
logues 73, 74.75 and 76 (Fig. 2) would serve as useful indicators 
of the validity of our ATP-mimetic hypothesis, and they were 
therefore targeted for synthesis. 

The dideoxybenzophenone fragment 62, required for ana- 
logue 75, was prepared in a similar manner (Scheme l l )  to that 
described above for the natural fragment 48. Commercially 
available ester 53 was first protected by silylation in the normal 
manner (1 00 YO yield) and then carefully hydrolysed to  the corre- 
sponding carboxylic acid 55 (62 % yield). Condensation of 55 
with the previously prepared (vide supra) alcohol 35 then af- 
forded the rearrangement precursor 56 in 96% yield. This mate- 
rial was rearranged and oxidised as described earlier to provide 
the aldehyde 57 in 57% overall yield for the two steps. The 
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H02C 0 OH q0 
H ' OH 

HO HO 
OMe 

51: benzophenone 52: hexahydroazepine 
domain domain 

' 0  
HO 

73: 10'-deoxybalanol 74: 14"-decarboxybalanol 
hydrochloride 

H02C 0 H02C 0 OH qo wo HO HO 

(Jo&-J (M%"s / 
H OH H 

75: 4",6"-dideoxybalanoI 76: 5'-deoxybalanol 

Fig. 2. Designed balanol analogues. 

P 
t. 

40: R '  = CO2Bn; R2 = R3 = OBn 
62: R' = C02Bn: R2 = OBn: A'= H 
67: R' = C02Bn: R2 = H; R3 = OBn 

71: R' = H; R2 = R3 = OBn 

'0 14: R4=OBn 
72: R4 = H 

t" 
Fully-protected balanol analogues 77-80 

I 

I Balanol analwues 73-76 

Scheme 10. Synthesis of balanol analogues. Reagents and conditions: a) 2.0 equiv 
of Me[, 1.2 equiv of K,CO,, DME 25 "C. 2 h. 100%; b) 0.25 equiv of Pd-black. H, 
(1 atm), THF, 25°C. 12 h, 92%: c) 2.8equiv of Pd-black, HC0,H. 25°C. 7 h, 
100%; d) 1.3 equiv of 2-chloro-1-methylpyridinium iodide, 2.0 equiv of Et,N, 
0.5equiv of DMAP. CH,CI,. 25'C. 3 h. 86-96%; e) 2.8equiv of Pd-black. 
HC0,H. 25°C. 7 h, 90-97%. 

conversion of 57 to the target carboxylic acid 62 was again 
achieved in a n  analogous fashion (48 YO overall yield) to that 
detailed above for the synthesis of 48. 

For the preparation of the benzophenone fragment required 
for the synthesis of analogue 73, we wished to  establish whether 
the rearrangement step could be omitted and the synthetic se- 
quence thus shortened. We discovered that the anion derived 
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Balanol 454-466 

BnOzC 0 

OBn R OBn 

i c 6 0 :  61: R R = = CH2OH CHO 6: 1 :& 
' c 6 2 :  R = C02H ' 6 5 9 :  R = C02Bn 

Scheme 11. Synthesis of the 4,6"-dideoxybenzophenone fragment. Reagents and 
conditions: a) 1.15 equiv of TPSCI, 1.5 equiv of imidazole. DMF. 0 -. 25-C, 2 h. 
100%; b) 2.Oequiv of LiOH, 1.4-dioxane. H,O. 2S'-C. 24 h, 62%; c) 1.Oequiv of 
35, 1.1 equiv of DEAD. 1.1 equiv of Ph,P, THF, 0 - 25°C. IS min. 96%; d) 
1.1 equivofnBuLi,THF, -98 -. - 7 8 T . 0 . 5  h;e) 1.5equivofNMO.0.05equivof 
TPAP. CH,CN. 25°C. 0.5 h. 57% (2 steps); f )  3.0 equiv of NaC10,. 3.0equiv of 
NaH,PO,. 8.0 equiv of 2-methyl-2-butene. THF. tBuOH. H,O. 25°C. 8 h. 94%; g) 
1.6equiv of BnBr, 1.6equiv of K,CO,. DMF. 25°C. 2 h, 98%; h) l.2equiv of 
TBAF. T H E  25'C. 10min. 92%; i )  1.5equiv of NMO. 0.05 equiv of TPAP, 
CH,CN. 2YC. 0.5 h. 64%; j) 3.0equiv of NaCIOI. 3.0equiv of NaH,PO,, 
8.Oequiv of 2-methyl-2-butene. T H E  tBuOH. H,O. 25'C. 1 h. 89%. 

from lithium- halogen exchange of the previously prepared aryl 
bromide 39 could indeed react directly with phthalic anhydride 
to deliver the carboxylic acid 63 in 73% yield upon protic 
workup (Scheme 12). This acid was then protected as its benzyl 
ester derivative 64 (98 YO yield) before desilylation and oxidation 
to the target carboxylic acid 67 in the standard manner (58 YO 

BnOzC 0 OBn 

'BnO R 

63: R = CO2H ,=65: R = CHpOH 
R = C02Bn 66: R = CHO 

' 6 6 7 :  R = C02H 

Scheme 12. Synthesis of the 10-deoxybenzophenone fragment. Reagents and con- 
ditions: a) 1.2 equiv of nBuLi. T H E  -98 + - 78 "C. 0.5 h ;  1.3 equiv of phthalic 
anhydride. - 7 8 4 2 5 ' C .  0.5 h ;  KHSO,, 73%;  b) 2.0equiv of BnBr. 3.0equiv of 
K,CO,. DMF. 25°C. 3 h.98%;c) 1.2equiv ofTBAF, THF.25'C. IOmin. 92%: 
d )  1.5 equiv of NMO. 0.05 equiv of TPAP. CH,CN. 25 'C. 0.5 h. 6 3 % ;  e) 3.0 equiv 
of NaCIO,. 3.0 equiv of NaH,PO,. 8.0 equiv of 2-methyl-2-butene, T H E  rBuOH. 
H,O. 25 "C. t h. 100%. Bn = PhCH,; TBAF = tetra-n-butylammonlum fluoride; 
NMO = 4-methylmorpholine N-oxide; TPAP = tetra-n-propylammonium per- 
ruthenate(vi1). 

yield for the three steps). The overall yield of 67 was thus 33 YO 
in just 7 steps compared to the 17 YO (1 2 steps) required for the 
naturally occurring component 48. 

The benzophenone fragment required for the decarboxy ana- 
logue 74 was prepared in a related manner (Scheme 13). Thus 
the aryllithium derived from 39 was found to react with 2-(ben- 
zy1oxy)benzaldehyde to furnish the carbinol 68 (67% yield). 
Desilylation of 68 mediated by TBAF afforded the diol69 (99% 
yield), which was oxidised to the benzophenone 70 by TPAP/ 
NMO (53 Yo yield) and then finally to the desired carboxylic acid 
71 with sodium chlorite (96% yield). Again, this approach 
proved significantly more direct than the previous rearrange- 
ment method. 

Finally, for the preparation of analogue 76, a deoxygenated 
hexahydroazepine fragment was required. This material was 

OBn OH OBn OBn 0 OBn 

68: R = CHpOTPS 70: R = CHO 
b g 6 9 :  R = CH2OH d c 7 1 :  R = C02H 

Scheme 13. Synthesis of the 14-decarboxybenzophenone fragment. Reagents and 
conditions: a) 1.2equiv of nBuLi, T H E  - 9 8 -  -78°C. 15min; 1.5equiv of 2- 
(benzy1oxy)ben~Idehyde. -78 -0°C. 1 h, 67%; b) l.2equiv of TBAF. THF. 
25°C. 10min.99%;~)3.0equivofNMO,0.1 equivofTPAP.CH,CN,25"C.0.5 h. 
53%; d)  3.0 equiv of NaCIO,. 3.0equiv of NaH,PO,, 8.0equiv of 2-methyl-2- 
butene. T H E  rBuOH. H,O. 25°C. 1 h, 96%. 

simply synthesised in 52% yield by deprotection of the hexa- 
hydroazepine 13 (vide supra) with TFA and treatment of 
the corresponding free 
amino alcohol with ben- 
zoyl chloride (Scheme 14). 

fragments prepared, cou- 
pling was performed in the 
standard manner and the 
desired balanol analogues 

13 A u.oib With all the necessary 0 
B n O 3  

0 72 

Scheme 14. Synthesis of the 5'deoxyhex- 
(73- 76) were then liberat- 
ed by hydrogenolysis in 

ahydroazepine fragment. Reagents and 
conditions: a) excess TFA. CH,CI,, 25'C. 
2 h; 2.0 equiv of benzoyl chloride. 10 equiv 

uniformly high yield or EI,N. CH,CI,. 2 5 ~ .  I h, 52%. 
(Scheme 10). TFA = CF,CO,H 

Conclusion 

The important role of protein kinase C in a variety of cellular 
processes has prompted a dramatic effort to identify novel and 
potent inhibitors of this enzyme. The recent isolation of balanol 
provides an important new lead in this regard, particularly in the 
light of its impressive activity and structural divergence from 
other known PKC inhibitors such as staurosporine.t281 The syn- 
thetic strategies outlined in this paper provide a direct and effi- 
cient synthesis of this natural product and allowed for the 
preparation of a variety of analogues for biological investiga- 
tion. Studies concerning the biological action of balanol and its 
analogues will be reported elsewhere.1271 

Experimental Section 

General techniqws: All reactions were carried out under an argon atmosphere with 
dry, freshly distilled solvents under anhydrous conditions. unless otherwise noted. 
Tetrahydrofuran (THF). diethyl ether (EI,O) and benzene were distilled from sodi- 
umbenzophenone, toluene was distilled from sodium, and methylene chloride 
(CH,CI,) was distilled from calcium hydride. Yields refer to chromatographically 
and spectroscopically ('H NMR) homogeneous materials, unless otherwise stated. 
All reactions were monitored by thin-layer chromatography carried out on 0.25 mm 
E. Merck silica gel plates (60F-254). unless otherwise stated. UV light, 2.4% phos- 
phomolybdic acid/l.4% phosphoric acid/S % sulfuric acid in water or 0.2% ninhy- 
drin in ethanol and heat were used as developing agents. E. Merck silica gel (60, 
particle size 0.040-0.063 mm) was used for flash column chromatography. Prepar- 
ative thin-layer chromatography (PTLC) separations were carried out on 0.50 or 
1 .I0 mm E. Merck silica gel plates (60F-254) or E. Merck reversed phase plates 

NMR spectra were recorded on a Bruker AMX-500 instrument and calibrated with 
tetramethylsilane as an  internal reference. The following abbreviations are used to 
indicate the multiplicities: s. singlet; d, doublet; 1. triplet; q. quartet; m. multiplet; 
b, broad. The balanol numbering system used herein is in accordance with that 
employed by Kulanthaivel et al.[3] IR spectra were recorded on a Perkin-Elmer 
1600 senes FT-IR spectrometer. Optical rotations were recorded on a Perkin- 
Elmer 241 polarimeter. High resolution mass spectra (HRMS) were recorded on a 
VG ZAB-ZSE mass spectrometer under fast atom bombardment (FAB) conditions. 

(RP-18 FzS4). 
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Silyl ether 4: A solution of D-serine derivative 3 161 (42.18 g, 192.4 mmol) and 
imidazole (19.65 g. 248.4 mmol) in DMF (250 mL) was treated with fBuPh,SiCI 
(60.0 mL, 230.9 mmol) at 0°C and stirred at 25°C for 14 h. The reaction was then 
quenched with MeOH (20mL) and diluted with Et,O/petroleum ether (3/l, 
lo00 mL). The resultant solution was washed with water (lo00 mL) and the 
aqueous layer extracted with Et,O/petroleum ether (3/1. 600 mL). The combined 
organic layers were washed with water (1000 mL x 2) and brine (500 mL) and then 
dried (Na,SO,). filtered and concentrated. Purification of the residue by flash 
chromatography (silica gel, 3 -  10% EtOAc in petroleum ether) afforded 4 
(88.06g, 100%) as a colourless oil: R, = 0.33 (10% EtOAc in petroleum ether); 
[a]:' = -13.4 (c = 0.62 in CHCI,); IR (thin film): i,. =1749 (C=O). 1717 
(C=O), 1496.1165.1110.704cm~'; 'HNMR(500MHz.CDCI,.2O0C):6 =7.61 
(m,4H:Ar).7.44(rn.?H:Ar).7.39(m.4H;Ar).5.42(d. J =  8.8 Hz. lH;NH),4.40 
(ddd. J = 8.8, 3.0. 2.9 Hz. 1H; 3-H). 4.07 (dd, J =10.1. 2.9 Hz. 1H; 2-H), 3.89 (dd. 
J = 1 0 . 1 . 3 . 0 H ~ ,  ~H~~-H').~.~~(S.~H;CO,CH~).~.~~(S.~H;CO,~B~).~.O~(S. 
9H; SiPh,fBu): "C NMR (125 MHz. CDCI,. 20°C): 6 =171.2. 155.4. 135.52. 
135.47. 132.9. 132.8, 129.9, 127.8. 79.9, 64.6. 55.5. 52.3. 28.3, 26.7. 19.3; FAB 
HRMS: calcd for C,,H,,NO,Si (M + H'): 458.2363, found: 458.2370. 

Homoallylie alcohol 5:  A solution of silyl ether 4 (21.72 g. 47.46 mmol) in toluene 
(220mL) was cooled to -78°C and treated with DIBALH (119.0mL, 1 . 0 ~  in 
toluene) dropwise over 1 h. After the mixture had been stirred at - 78 "C for 30 min. 
the reaction was quenched by the addition of MeOH (30 mL). The reaction mixture 
was then treated with 1 N HCI (500 mL) and stirred at 0 ° C  for 1.5 h. The organic 
layer was then separated and the aqueous layer extracted with EtOAc (500 mL). The 
combined organic layers were washed with 1 N HCI (300 mL), saturated NaHCO, 
(300 mL) and brine (300 mL) and then dried (Na,SO,). filtered and concentrated. 
The crude product was used in the next reaction without further punfication. 
A solution of (+)-B-methoxydiisopinocampheylborane (27.02 g, 85.43 mmol) in 
Et,O (200 mL) was cooled to 0°C and treated with allylmagnesium bromide 
(76.0 mL, 1.0 M in Et,O). After stirring for 3 h a t  25 'C. the resultant suspension was 
cooled to -98 'C and the crude aldehyde in Et,O (50 mL x 2) was then added over 
25 min. After stirnng at -78'C for 3.5 h. the reaction was quenched with 
ethanolamine (14.0 mL) and stirred for 24 h at 25'C. The resultant mixture was 
filtered through Celite and washed with water (200 mL). and the aqueous layer 
extracted with Et,O (300 mL). Thecombined organic layers were then washed with 
saturated aqueous NH,CI (300 mL) and brine (300 mL) and then dried (Na,SO,). 
filtered and concentrated. Punfication of the residue by flash chromatography (sil- 
ica gel. 5 + 12% EtOAc in petroleum ether) afforded 5 (27.37 g. crude) as a colour- 
less oil. An analytical sample of 5 was obtained by PTLC (silica gel, 20% EtOAc in 
petroleum ether): R, = 0.30 (15% EtOAc in petroleum ether); [a]:' = - 6.0 
(c  = 0.87 in CHCI,); IR (thin film): imx = 3440 (OH), 1693 (C=O), 1500. 1169, 
1109,703cm~';'HNMR(500MHz,CDCI,.20"C):6=7.64(d. J =  6.4Hz.2H: 
Ar),7.47-7.37(m,8H;Ar). 5.84(m. lH;6-H).5.18-5.10(m, 3H;7-HZandNH).  
4.03(m,lH;4-H),3.84(dd,J=10.3,4.3Hz,1H;2-H),3.80(dd,J=10.3.3.4Hz. 
1H; 2-H'). 3.65 (m. 1H; 3-H). 3.00 (d. J = 1 . 7  Hz, 1H; OH), 2.29 (dd. J =13.6, 

(s. 9H; SiPh,rBu); "C NMR (125 MHz. CDCI,. 20°C): 6 =155.9, 135.54. 135.50. 
134.3, 132.6. 132.5. 130.0. 127.9, 117.9. 79.3. 72.0.66.6. 53.4.38.5.28.4. 26.8. 19.1; 
FAB HRMS calcd for C,,H,,NO,Si (M + H'): 470.2727, found: 470.2744. 

Acelonide 6:  A solution ofcrude homoallylic alcohol 5 (27.32 g) in CH,CI, (1 50 mL) 
was treated with 2.2-dimethoxypropane (23.3 mL. 189.8 mmol) and then camphor- 
sulfonic acid (1 10 mg, 0.47 mmol). After stirring at 25 "C for 3 h. the reaction was 
quenched by the addition of triethylamine ( 1  .O mL. 7.2 mmol) and then concentrat- 
ed in vacuo. Purification of the residue by flash chromatography (silica gel, 2 - 4 %  
EtOAc in petroleum ether) afforded 6 (16.73 g. 69% for the 3 steps) as a colourless 
oil: R, = 0.28 (4% EtOAc in petroleum ether); [a];' = - 13.9 (c = 1.02 in CHCI,); 
IR (thin film): 9,. =1698 (C=O). 1384. 1109. 703cm-';  ' H N M R  (500MHz. 
C,D,. 67'C): 6 =7.97-7.76 (m. 4H: Ar). 7.26-7.21 (m, 6H; Ar). 5.90 (m, 1H; 
6-H),  5.09 (d, J=17.1  Hz. IH; 7-H). 5.03 (d. J = 1 0 . 1  Hz, 1H; 7-H) ,  4.47 (dd. 
J = 1 1 . 9 , 6 . 0 H z , l H ; 2 - H ) , 4 . 1 1 ( b s ,  lH;3-H).3.97(bd.J=I1.9Hz,lH;2-H'). 
3.81 (dt. J = 5.6, 3.8 Hz. 1H; 4-H). 2.40 (bt, J = 5.6 Hz. 2H; 5-H2). 1.73 (bs. 3H; 
acetonide), 1.61 (5. 3H: acetonide). 1.37 (bs, 9H: C0,fBu). 1.17 (s, 9H; SiPh,fBu); 
"C NMR (125MHz. C,D,. 70°C): 6 =152.1, 136.2. 136.1, 134.8. 134.1, 134.0, 
130.1. 117.3, 94.6. 79.5, 77.5, 63.3. 61.2. 39.6. 28.6. 27.4. 21.3, 27.1. 19.6; FAB 
HRMS calcd for C,,H,,NO,Si (M + H t ) :  510.3040. found: 510.3055. 

Alcohol 7: A solution of acetonide 6 (16.73 g, 32.82 mmol) in T H F  (30 mL) was 
cooled to 0°C and treated with 9-BBN (1444mL. 0 . 5 ~  in THF). After stirring at 
25°C for 20 h. the solution was treated with MeOH (50 mL) and 40 mL of an 
aqueous solution of NaOH (3 N). and then cooled to 0 "C and treated dropwise with 
30% H,O, (40 mL). After this had been stirred at 25 'C for 5 h. the T H F  and 
MeOH were evaporated in vacuo and the aqueous residue was extracted with 
EtOAc (300 mL x 2). The combined organic layers were washed with saturated 
NaHCO, (300 mL) and brine (500 mL) and then dried (Na,SO,), filtered and con- 
centrated. Purification of the residue by flash chromatography (silica gel, 15 + 25 % 
EtOAc in petroleum ether) afforded 7 (16.77 g. 97%) as a colourless oil: R, = 0.19 
(20% EtOAcinpetroleumether);[a]~' = -14.7(e =1.05inCHCI,);IR(thinfilm): 
i,,, = 3433 (broad.OH), 1694(C=O). 1389,1110,703 cm-' ;  ' H N M R  (500 MHz, 
C,D,, 75°C): 6 =7.79-7.76 (m. 4H; Ar). 7.28-7.23 (m, 6H: Ar), 4.38 (m. IH;  

7.3H~.lH;5-H).2.24(dd,J=13.6,6.0Hz,1H;5-H').1.45(~,9H;CO,fBu),1.06 

2-H). 4.10 (bs.lH; 3-H), 3.98 (dd. J 9.7. 2.4 Hz, IH;  2-H'). 3.72 (ddd, J =  6.0. 
6.0. 3.3 Hz, 1H; 4-H). 3.46 (1. J = 5.7 Hz. 2H; 7-H,). 1.71 (bs, 3H; acetonide), 
1.69-1.61 (bm. 4H; 5-H, and 6-H,). 1.60 (s, 3H; acetonide), 1.38 (s.9H; C0,rBu). 
1.17(s.9H;SiPh,rBu);"CNMR(125MHz,C6D6.75"C):6 =152.2.136.1.136.1. 
134.1. 134.0. 130.1. 128.6, 94.5, 79.6. 77.9, 63.9. 62.5, 61.4, 31.8. 29.8, 28.5, 27.4, 
27.3. 27.1. 19.6; FAB HRMS calcd for C,,H,,NO,SiCs (M + Cs'): 660.2121. 
found: 660.2129. 

Azide 9 :  A solution of alcohol 7 (16.26g. 30.87mmol) in CH,CI, (160mL) was 
cooled 0 ° C  and treated with triethylamine (6.45 mL, 46.28 mL) and methanesul- 
fonyl chloride (2.87 mL. 37.1 mmol). After strirring at O'C for 10 min, the reaction 
mixture was quenched with water (100 mL) and then concentrated in vacuo. The 
aqueous residue was extracted with EtOAc (300 mL x 2). and thecombined organic 
layers were washed with water (300mL) and brine (300mL) and then dried 
(Na,SO,). filtered and concentrated. The crude product 8 was dissolved in D M F  
(160 mL) and treated at 25°C with sodium azide (12.04 g, 185.2 mmol). The resul- 
tant suspension was stirred at  25 'C for 24 h and then diluted with water (800 mL) 
and extracted with Et,O/petroleum ether (2/1, 400 mL x 2). The combined organic 
layers were washed with water (400 mL x 2) and brine (500 mL) and then dried 
(Na,SO,), filtered and concentrated. Purification of the residue by flash chromatog- 
raphy (silica gel, 4 - 6 %  EtOAc in petroleum ether) afforded 9 (16.72 g, 98%) as 
a colourless oil: R, = 0.21(5% EtOAc in petroleum ether); [a]:' = - 14.5 (c = 1.12 
in CHCI,); IR (thin film): C,,, = 2095 (N,). 1697 (C=O). 1387, 1110. 703cm-';  
'HNMR (500 MHz, C,D,, 67°C): 6 =7.76 (m. 4H; Ar), 7.28-7.23 (m, 6H; Ar), 
4.28 (bs. IH; 2-H). 4.06 (bs. 1H; 3-H). 3.96 (bd, J =7.7 Hz. 1H: 2-H'), 3.67 (ddd, 
J = 5 . 8 .  5.8, 3 . 4 H ~ .  1H; 4-H). 2.89 (dd, J=12.3. 5.9H2, 1H; 7-H), 2.84 (dd, 
J = 12.3. 6.4 Hz. IH; 7-H),  1.70 (s, 3H; acetonide), 1.60- 1.45 (m, 4H; 5-H, and 
6-H,), 1.58 (s. 3H; acetonide). 1.38 (s. 9H; C0,rBu). 1.17 (s. 9H; SiPh,rBu); "C 
NMR (125 MHz. C,D,. 75°C): 6 =152.0. 136.0. 134.0. 133.9, 130.1. 128.1. 94.6. 
79.6,77.5,63.8.61.3,51.4,32.3,28.5,27.4.27.3,27.1,25.8,19.6;FABHRMScalcd 
for C,,H,,N,O,SiNa ( M  + Na'): 575.3030, found: 575.3045. 

Benzyloxycarboaylamine 10: A solution of azide 9 (9.80 g. 17.73 mmol) in T H F  
(100mL) was treated with 10% palladium on activated carbon (188mg, 
1.77 mmol). and the resultant mixture was stirred under an atmosphere of hydrogen 
for 19 h a t  25'C. The reaction mixture was then filtered and concentrated. and the 
crude product dissolved in 1.4-dioxane (94 mL). This solution was then cooled to 
0°C and treated with 3~ NaOH (17.7 mL, 53.1 mmol) and benzyl chloroformate 
(2.93 mL, 20.52 mmol). After stirring at  O'C for 15 min. the reaction mixture was 
treated with saturated aqueous NH,CI (50 mL). and the 1.4-dioxane was then 
evaporated in vacuo. The residue was extracted with EtOAc (450 mL) and the 
organic layer was washed with brine (300 mL) and then dried (Na,SO,), filtered and 
concentrated. Purification of the residue by flash chromatography (silica gel. 10 -+ 

20% EtOAc in petroleum ether) afforded 10 (11.56g. 99%) as a colourless oil: 
R, = 0.19(15% EIOA~inpetroleumether):[a];~ = -11.9(r =1.00inCHC13);IR 
(thin film): C,..=3349 (NH). 1696 (C=O), 1391. 1110. 7 0 2 c n - ' ;  ' H N M R  
(500 MHz, C,D,. 75°C): 6 =7.77 (m, 4H; Ar). 7.32-7.11 (m, IOH; Ar), 7.07 (bt. 
J =7.3 Hz. 1H;Ar),5.1O(s.ZH;CO,CH,Ph),4.28(m,ZH;2-Hand NH),4.10(bs, 

(bs. 2H; 7-H,). 1.70 (s.3H; acetonide). 1.60 (5. 3H; acetonide). 1.51 - 1.43 (m, 4H; 
5-H, and 6-H,). 1.38 (5. 9H; C0,rBu). 1.17 (s. 9H; SiPh,rBu); "C NMR 
(125MHz. C,D,, 75°C): 6=156.4. 152.1. 138.0, 136.13, 136.11. 134.1. 134.0, 
130.2, 128.2. 94.6. 79.6. 77.7.66.7. 63.9, 63.3, 41.4, 32.3. 30.2. 28.6, 28.3. 27.3, 27.0. 
19.6; FAB HRMS calcd for C,,H,,N,O,SiNa (M + Na'): 683.3492. found: 
683.3502. 

Alcohol 11: Asolutionofbenzyloxycarbonylamine 10(11.29 g, 17.08 mmo1)inTHF 
(48 mL) was treated with tetrabutylammonium fluoride (20.5 mL. 1 . 0 ~  in THF)  
and stirred for 16 h at 25°C. The reaction mixture was then concentrated and the 
residue purified by flash chromatography (silica gel, 1 % MeOH and 50 - 90% 
Et,O in petroleum ether) to afford I1 (6.93 g. 96%) as a colourless oil: R, = 0.30 
(1 %O MeOH and 80% Et,O in petroleum ether): [a]:' = + 1.1 (e = 1.02 in CHCI,); 
IR (thin film): P,, = 3341 (broad, OH and NH). 1695 (C=O), 1396, 1 2 5 6 m - ' ;  
' H N M R  (500 MHz, C,D,, 70°C): 6 =7.27 (d, J = 7 . 3  Hz. 2H; Ar(orfho)). 7.14 
(dd. J =7.3.7.3 Hz. 2H; Ar(mera)). 7.08 (t, J =7.3 Hz, 1H; Aqpara)), 5.09 (s. 2H; 
OCH,Ph).4.28 (bs. IH;  3-H). 3.67-3.61 (m, 3H; 2-H, and NH). 3.51 (m, 1H;4-H), 
3.01 -2.91 (m. 2H; 7-H,). 1.58 (s, 3H; acetonide), 1.45 (s, 3H; acetonide), 1.41 -1.32 
(m.4H;5-H,and6-H2). 1.38(s.9H;C02rBu); "CNMR(125 MHz.C6D,.75"C): 
6 = 156.6.153.7,137.9.128.7.128.6, 128.44.128.37.94.5.80.5. 76.8.66.7.65.6.64.3, 
41.1, 31.2, 28.5, 28.2. 26.6; FAB HRMS calcd for C,,H,,N,O,Na (M + N a + ) :  
445.2315, found: 445.2331. 

Hexahydroazepiw 13: A solution of alcohol 11 (8.47 g. 20.05 mmol) in CH,CI, 
(85 mL) was cooled to 0 "C and treated with triethylamine (4.19 mL. 30.08 mL) and 
methanesulfonyl chloride (1.86 mL, 24.1 mmol). After stirring at 0°C for 20 min. 
the solution was quenched by the addition of water (100mL) and the organic 
solvent was then evaporated in vacuo. The aqueous residue was extracted with 
EtOAc (160 mL x 2) and the combined organic layers were washed with water 
(150 mL) and brine (150 mL) and then dried (Na,SO,), filtered and concentrated. 
The crude product was dissolved in T H F  (1003 mL. 0 . 0 2 ~ ) ,  and KOfBu (24.1 mL. 
1 .OM in T H F )  was added dropwise over 50 min at 25 "C. After being stirred for a 

1H; 3-H). 3.93 (bd. J =  9.6Hz. 1H; 2-H'). 3.64(td. J =  6.0. 3.1 Hz. lH;4-H).3.04 
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further 10 min. the reaction was quenched with saturated aqueous NH,CI (1 50 mL) 
and the organic solvent was then evaporated in vacuo. The aqueous residue was 
extracted with EtOAc (200 mL x 2). and the combined organic layers were washed 
with brine (300 mL) and then dried (Na,SO,), filtered and concentrated. Purifica- 
tion of the residue by flash chromatography (silica gel, 10-20% EtOAc in 
petroleum ether) afforded 13 (6.46 g. 80%) as a white solid. An analytical sample 
of 13 was prepared by recrystallisation from Et,O/petroleum ether: M.p. 84-86°C: 
R, = 0.25 (20% EtOAc in petroleum ether); [a]:' = - 104.6 ( c  = 1.10 in CHCI,); 
IR (thin film): I,,, =1697 (C=O), 1393 cm-'; 'H NMR (500 MHz, C,D,, 70°C): 
6 =7.26 (d, J =7.3 Hz, 2H; Aflorrho)). 7.12 (dd, J =7.3. 7.3 Hz. 2H; Ar(me1a)). 
7.05 (1. J = 7 . 3  Hz, 1H; Ar(pora)). 5.16, 5.09 (AB system. J =12.8 Hz. 2H; 
CO,CH,Ph). 4.25 (bs. 1H; 3-H), 3.80-3.46 (bm. 4H: 2-H,, 4-H and 7-H). 2.56 (bs. 
1H; 7-H'). 1.93 (m. 1H: 5-H), 1.65 (s. 3H: acetonide). 1.51 (s. 3H; acetonide), 
1.46-1.25 (m. 3H; 5-H'and 6-H,); "C NMR (125 MHz. C,D,. 75°C): 6 =155.8. 
152.4. 137.9, 128.7. 128.6, 94.8. 79.9. 78.3, 74.3. 67.3, 62.5, 49.2. 45.4. 31.4, 28.6. 
27.3. 26.0, 24.7. 24.1; FAB HRMS calcd for C,,H,,N,O, ( M  + H'): 405.2389. 
found: 405.2376. 

Amide 14: A solution of hexahydroazepine 13 (4.00g. 9.89mmol) in CH,CI, 
(40 mL) was treated with trifluoroacetic acid (10 mL, excess) and stirred at 25 "C for 
1 h. After dilution with benzene (120 mL). the solution was concentrated and the 
crude product was employed in the next reaction without further purification. 
A suspension ofp-benzyloxybenzoic acid (3.39 g, 14.84 rnmol) in CH,CI, (34 mL) 
was cooled to 0°C and treated with triethylamine (10.30mL. 73.90mmol) and 
oxalyl chloride (7.04 mL. 2 . 0 ~  in CH,CI,). The reaction mixture was then warmed 
to 25 "C and stirred for 25 min. The crude aminoalcohol prepared above was dis- 
solved in CH,CI, (40 mL) and treated with the freshly prepared solution of p-ben- 
zyloxybenzoyl chloride and triethylamine. and the resultant mixture was then 
stirred for 1.5 h at  25°C. After quenching with MeOH (100mL) and pyridine 
(20 mL). the reaction mixture was concentrated and then diluted with EtOAc 
(300mL). This mixture was washed with 2N HCI (150mL x2).  water (150mL). 
saturated aqueous NaHCO, (150mL) and brine (150mL) and then dried 
(Na,SO,). filtered and concentrated. Purification of the residue by flash chromatog- 
raphy (silica gel. 80 + 100% Et,O in petroleum ether containing 1 % MeOH) and 
recrystallisation of the product from EtOAcin-hexane afforded 14 (3.42 g. 73% for 
the 2 steps) as white crystals: M.p. 123-124.5'C: R, 0.17 (3% MeOH in CH,CI,); 
[u];' = -73.0 (c =1.00 in CHCI,); IR (thin film): I,,, = 3345 (broad, OH and 
NH). 1680 (C=O). 1638 (C=O). 1608 cm-I: 'HNMR (500 MHz. CDCI,. 20°C): 
d = 8.75 (d. J = 5.5 Hz. I H ;  NH). 7.82 (ddd, J = 8.8. 2.8, 1.9 Hz. 2H; 3'-H and 
7'H'). 7.45-7.29 (m. 10H; Ar). 7.02 (ddd, J = 8.8,2.8. 1.9 Hz. 2H: 4-H and 6-H) ,  
5.21, 5.18 (AB system. J =12.3 Hz. 2H; CO,CH,Ph). 5.13 (s. ?H; 5'-OCH,Ph). 
4.19 (dd. J = 14.3. 3.8 Hz. 1H; 7-H). 4.15 (d, J = 15.4 Hz, 1H; 2-H). 4.10 (m. 1H;  

2-H'). 2.79 (ddd, J=14.3,  13.2, 3.5 Hz. 1H; 7-H'). 1.95-1.81 (m. 3H; 5-H, and 
6-H), 1.66 (m. 1H;  6-H'); "C NMR (125 MHz, CDCI,. 20°C): 6 =168.5. 161.5. 
157.7. 136.3. 136.1, 129.1. 128.62. 128.56. 128.2. 128.1. 127.7, 127.4, 125.6, 114.6. 
79.7, 70.0. 67.8, 60.7. 50.4, 50.2, 32.7, 27.3; FAB HRMS calcd for C,,H,,N,O, 
(M + Hi) :  475.2233. found: 475.2242. 

Benzyl alcobol32: A solution of ester 30 (124 mg. 0.354 mmol) in T H F  (2 mL) was 
cooled to -98°C and treated with nBuLi (0.23 mL, 2 . 0 ~  in pentane). The reaction 
mixture was then allowed to warm to - 78 "C over 10 min and stirring was contin- 
ued for a further 20 min. The reaction was then quenched by the addition of saturat- 
ed aqueous NaHCO,, diluted with water (10mL) and extracted with CH,CI, 
(3 x 15 mL). The combined organic layers were then dried (Na,SO,). filtered and 
concentrated. Purification of the residue by PTLC (silica gel, 1 % Et3N and 80% 
Et,O in petroleum ether) afforded 32 (84 mg. 87%) as a white solid: M.p. 93.5- 
95.5.C: R, = 0.20 (60% Et,O in petroleum ether); IR (thin film): i.,,, = 3420 
(broad. OH), 1663 (C=0),1593, 1472. 1252, I l lOcm-I ;  'HFIMR (500MHz. 

3-H). 3.77 (ddd. J=10.2.  6.1. 1.6Hz. 1H; 4-H). 3.35 (dd, J=15.4.  5.1 Hz. 1H; 

[D,]DMSO, 20°C): 6 =7.85 (d, J =7.7 Hz. 1H; 10-H) ,  7.61 (1. J =7.7 Hz. 1H; 
2"-H), 7.40(dd, J=7 .7 ,  7.7Hz. 1H;  ll"-H).7.37(d. J = 7 . 7 H z .  1H; 13"-H),7.29 
(dd .J=7.7 .7 .7Hz. lH;  12"-H).6.76(d,J=7.7Hz,2H;3"-Hand7"-H),5.34(bt, 
J = 4 . 6 H z . l H ; O H ) . 4 . 9 1 ( d . J = 4 . 6  Hz,2H;CH,OH).3.65(s.6H;4"-OCH3and 

132.8. 131.7, 131.0. 126.4, 126.2, 118.8. 104.5. 61.3, 55.9; FAB HRMS calcd for 
C,,H,,O, (M + H'): 273.1127. found: 273.1137. 

Bromide34: A solution of N,N,N'-trimethylethylenediamine (4.97 mL, 39.09 mmol) 
in benzene (100 mL) was cooled to 0°C and treated with nBuLi (18.81 mL, 2.0M in 
pentane). After stirring at 25 "C for 30 min, the reaction mixture was recooled to 
0°C and 3-(benzyloxy)benzaMehyde 33 (7.75 g. 36.51 mmol) was added in one 
portion. The resultant solution was then stirred at 25°C for 30min and again 
recooled to O'C before treatment with PhLi (60.9 mL. 1 . 8 ~  in cyclohexane/Et,O). 
This mixture was allowed to warm to 25 "C and then stirred for a further 7.5 h. The 
resultant dark purple solution was diluted with T H F  (100 mL), cooled to -78 "C 
and treated with 1.2dibromotetrafluoroethane (17.5 mL. 146.0 mmol). The reac- 
tion mixture was subsequently allowed to warm to 25 'C over 30 min and the 
solvents were then evaporated in vacuo and the residue diluted with EtOAc 
(300 mL). The resultant mixture was washed with 1 N HCI (200 mL x 2). saturated 
aqueous NaHCO, (150 mL) and brine (150 mL) and then dried (Na,SO,). filtered 
and concentrated. Purification of the residue by flash chromatography (silica gel. 

6"-OCH,); "C NMR (125 MHz. CDCI,. 20°C): 6 =196.6, 156.7. 144.8. 134.3. 

5-15% EtOAc in petroleum ether) and recrystallisation of the product from 
EtOAc/n-hexane afforded 34 (8.18 g, 77%) as white crystals: M.p. 130.5-132°C; 
R, = 0.38 (10% EtOAc in petroleum ether); IR (thin film): I,, =1679 (C=O). 
1269.697cm-'; 'H NMR(MOMHz.CDCI,.2OoC):6 =10.37(s. lH;CHO).7.54 
(d, J =7.5Hz, 1H; 11"-H), 7.49 (d, J = 7 . 2  Hz, 2H; OCH,fh(orrho)), 7.42 (dd. 
J =7.2. 7.2 Hz. 2H; OCH,Ph(mera)), 7.35 (m. 2H; OCH,Ph(para) and 1 2 - H ) .  
7.17 (d. J =7.9 Hz. 1H;  13"-H), 5.22 (s. 2H; OCH,Ph); "C NMR (125 MHz. 
CDCI,, 20°C): 6 =192.3, 155.3. 135.9, 134.9. 128.7, 128.24. 128.20, 127.0. 121.7. 
118.7. 117.9,71.2;FABHRMScalcdforC,,H,,O,Br(M + Ht):291.0021,found: 
291.0025. 

Beazylalcohol35:Asolutionofbromide34(7.19 g.24.69 mmol)inCH,CI,(70 mL) 
was cooled to -78°C and treated with DIBALH (29.6 mL, 1 . 0 ~  in CH,CI,). The 
reaction mixture was then warmed to 0°C and stirred for 1 h. After quenching with 
saturated aqueous NH,CI (8.3 mL) and dilution with Et,O (100 mL). the mixture 
was stirred for 4 h at 25°C. After addition of MgSO,. the suspension was filtered 
through Celite and concentrated, and the resulting solid was recrystallised from 
EtOAcln-hexane to afford 35 (6.95 g. 96%) as white crystals: M.p. 123.5- 124.5 'C; 
R, = 0.47 (30'10 EtOAc in petroleum ether); IR (thin film): 5,,, = 3315 (broad. 
OH). 1457,1283.1030.691 m-l; 'HNMR(500 MHz. CDCI3.20'C):6 =7.49(d. 
J =7.3 Hz. 2H; OCH,fh(orrho)), 7.40 (dd, J =7.3. 7.3 Hz. 2H; OCH,fh(meta)), 
7.33(t.J=7.3Hz,1H:OCH,Ph(paro)),7.26(dd.J=7.9,7.9Hz,lH;12"H).7.11 
( d , J = 7 . 9 H z .  l H ; A r ) , 6 . 9 0 ( d . J = 7 . 9 H z . l H ; A r ) , 5 . 1 8 ( s , 2 H ;  10"-OCH,Ph). 
4.79 (d. J = 6.5 Hz. 2H; ArCH,OH), 2.07 (I, J = 6.5 Hz. 1H; OH); "C NMR 
(125 MHz. CDCI,, 20°C): 6 =154.9, 141.6, 136.5. 128.6. 128.1, 127.9, 127.0. 121.0, 
112.8.112.5.70.9.65.3: FAB HRMScalcd forC,,H,,O,Br(M+):292.0099. found: 
292.0104. 

Benzyl ester 37: A solution of 4-bromo-3,5-dihydroxybenzoic acid 36 (11.55g. 
49.56 mmol) in D M F  (100 mL) was treated with K,CO, (34.25 g, 247.8 mmol) and 
benzyl bromide (19.4 mL. 163.5 mmol) and stirred for 4 h at 25°C. After dilution 
with water (1 L). the precipitates were filtered and then rinsed with water 
(500 mL x 2) and chilled EtOH (500 mL). The resultant solid was recrystallised 
from toluene to afford 37 (23.95 g, 96%) as white crystals: M.p. 131 - 132'C; 
R, = 0.25 (10% EtOAc in petroleum ether); IR (thin film): i,,, = 1717 (C=O). 
1585, 1423, 1376, 1328, 1234. 1114, 738, 696cm-I;  ' H N M R  (500MHz. CDCI,. 
20°C): d =7.49 (d, J =7.5 Hz, 4H; 4"-OCH,fh(orrho) and 6"-OCH,Ph(orrho)). 
7.42-7.37 (m. 9H; Ar), 7.34-7.31 (m, 4H; Ar). 5.34 (s. 2H; 2"-CO,CH,Ph), 5.20 
(s. 4H; I"-OCH,Ph and 6"-OCH,Ph); "C NMR (125 MHz, CDCI,, 20°C): 
6 = 165.7. 156.2, 136.1. 135.8, 130.0. 128.6, 128.4. 128.2, 128.0, 127.1. 108.4, 107.4. 
71.1. 67.1; FAB HRMS calcd for C,.H,,O,BrCs (M + Cs'): 634.9834, found: 
634.9841. 

Benzyl alcohol 38: A solution of benzyl ester 37 (23.95 g. 47.58 mmol) in CH,CI, 
(240mL) was cooled to -78°C and treated with DIBALH (114.2mL. 1 . 0 ~  in 
toluene). The reaction mixture was then warmed to 0 ° C  and stirred at 0°C for 1 h. 
After quenching with saturated aqueous NH,CI (33 mL) and dilution with Et,O 
(200 mL). the mixture was stirred for 4 h at 25°C. After addition of MgSO,, the 
suspension was filtered through Celite and concentrated, and the resulting solid was 
reprecipitated from EtOAc/petroleum ether to afford 38 (19.00 g. 100%) as a white 
solid: M.p. 119.5-120.5'C; R, = 0.33 (40% EtOAc in petroleum ether); IR (thin 
film): t,,,= 3363 (broad, OH). 1587. 1430, 1112, 737, 697cm-';  ' H N M R  
( 5 0 0  MHz. CDCI,. 20°C): 6 =7.49 (d. J =7.5 Hz. 4H; OCH,fh(orrho)). 7.39 (dd. 
J = 7.5.7.5 Hz. 4H; OCH,Ph(mera)), 7.32 (t. J = 7.5 Hz, 2H; OCH,Ph(para)), 6.65 
(s, 2H: 3"-H and 7"-H), 5.17 (s. 4H; 4-OCH2Ph and 6"-OCH,Ph), 4.61 (d. 
J = 5.9 Hz. 2H; ArCH,OH). 1.70 (I. J = 5.9 Hz, 1H; OH); "C NMR (125 MHz. 
CDCI,.2O0C):6 =156.3. 141.6. 136.5, 128.6. 127.9. 127.0. 104.8. 101.3. 70.9.65.0; 
FAB HRMS calcd for C,,H190,BrCs ( M  + Cs'): 530.9572. found: 530.9580. 

Sdyl ether 39: A solution of benzyl alcohol 38 (19.00 g, 47.58 mmol) and imidazole 
(4.86 g. 71.37 mmol) in DMF (100 mL) was cooled to 0 "C, treated with rBuPh,SiCI 
(14.8 mL, 57.0 mmol). and then warmed to 25 "C and stirred for 1 h. The reaction 
was quenched by the addition of water (700 mL) and the aqueous residue was 
extracted with Et,O (1200mL). The organic layer was washed with water 
(600 mL x 2) and brine (600 mL) and then dried (Na,SO,). filtered and concentrat- 
ed. The crude product was recrystallised from Et,O/n-hexane to aflord 39 (24.97 g. 
82%) as white crystals: M.p. 98.5-99.5"C; R, =0.43 ( 5 %  EtOAc in petroleum 
ether); IR (thin film): i,,, =1588, 1429.1109. 737.700 c n - I ;  'H NMR (500 MHz. 
CDCI,. 20°C): 6 =7.63 (m. 4H; SirBuPh,(orrlio)). 7.45 (d. J =7.3 Hz. 4H; 4 -  
OCH,fh(orrho) and 6"-OCH,fh(ortho)), 7.42 (It. J =7.4. 1.4 Hz, 2H; SirBuPh,- 
(para)). 7.38-7.35(m, 8H;Ar). 7.30(tt.J =7.3,2.1 Hz,2H;4-OCHzPh(paru)and 
6"-OCH,fh(para)), 6.60 (s, 2H; 3"-H and 7"-H). 5.12 (s. 4H; ArOCH,Ph), 4.67 (s, 
2H: ArCH,OTPS), 1.07 (s, 9H; IBu); "C NMR (125MHz. CDCI,. 20°C): 
6 =156.1. 141.8. 136.7, 135.5, 133.2. 129.8. 128.5, 127.81. 127.77. 126.9, 104.1. 
100.4, 70.7. 65.2, 26.8, 19.3; FAB HRMS calcd for C,,H,,O,BrSiCs (M + Cs'): 
769.0750. found: 769.0768. 

Carboxyk acid 40: A solution of silyl ether 39 (19.95 g, 31.28 mmol) in T H F  
(200mL)wascooledto -98"CandtreatedwithnBuLi(21.5mL, 1.6uinhexanes). 
The resultant mixture was then warmed to -78 "C and stirred for 30 min. Crushed 
dry ice (excess) was then added and the reaction mixture was warmed to 25 "C over 
30 min. The solvent was then evaporated in vacuo and 1 N KHSO, (70 mL) and 
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CH,CI, (200 mL) were added. The layers were separated and the aqueous layer was 
extracted with CH,CI, (150 mL x 2). The combined organic layers were washed 
with brine (300 mL) and then dried (Na,SO,). filtered and concentrated. Purifica- 
tion of the residue by flash chromatography (silica gel, 2 -7% MeOH in CH,CI,) 
and recrystallisation of the product from EtOHln-hexane afforded 40 (11.31 g, 
60%) as white crystals: M.p. 156.5- 158 "C; R, = 0.22 ( 5 %  MeOH in CH,CI,); IR 
(thin film): ?,., =1703 (C=O). 1432, 1112. 736. 700cm.'. IHNMR (500MHz. 
CDCI,. 20°C): 6 =7.63 (ddd. J = 8.1. 3.4. 2.0 Hz. 4H; SirBuPh,(orrho)). 7.44 (11, 
J =7.3. 2.3 Hz. 2H; SirBuPh,(puru)). 7.42-7.26 (m, 14H; Ar). 6.64 (s, 2H; 3"-H 
and 7"-H). 5.12 (s.4H; ArOCH,Ph). 4.69 (s.2H; ArCH,OTPS), 1.08 (s, 9H: rBu): 
I 3  C NMR (125 MHz, CDCI,. 20:C): 6 =l68.5, 157.3. 146.0, 136.3. 135.5. 133.1. 
129.8. 128.6. 127.84. 127.81. 126.9. 110.6, 103.3. 70.6, 65.1. 26.8. 19.3; FAB HRMS 
calcd for C,,H,.O,SiCs (M + C s + ) :  735.1543. found: 735.1565. 

Ester 41: A solution of carboxylic acid 40 (9.20 g, 15.26 mmol). benzyl alcohol 35 
(4.47 g. 15.26 mmol) and triphenylphosphine (4.40 g. 16.78 mmol) in T H F  (76 mL) 
was cooled to 0 'C and treated with diethyl azodicarboxylate (2.64mL, 
16.78 mmol). The resultant mixture was then warmed to 25°C and stirred for 
40 min. The reaction mixture was concentrated and the residue passed through a 
short column (silica gel, 25% EtOAc in petroleum ether). The eluent was then 
concentrated and the residue purified by flash Chromatography (silica gel. 7 - 12% 
EtOAc in petroleum ether) to afford 41 ( 1  2.44 g. 93 %) as a colourless oil: R, = 0.35 
( 1 5 %  EtOAc in petroleum ether); IR (thin film): 8,,, =1735 (C=O). 1587. 1433. 
1264. 1110, 738.700cm.'; ' H N M R  (500 MHz. CDCI,. 20°C): 6 =7.63 (m. 4H; 
SirBuPhJorrho)). 7.46 (d. J =7.3 Hz, 2H; lO-OCH,Ph(urrho)), 7.43 (tt. J =7.4, 
2.2 Hz, 2H; SirBuPh,(puru)), 7.42-7.24 (m. 17H; Ar). 7.07 (d. J = 8.0 Hz, I H ;  
Ar). 6.91 (dd. J = 8.0. 8.0Hz. IH;  12"-H). 6.81 (d. J = 8.0, Hz. 1H; Ar). 6.60 (s. 
2H; 3"-H and 7"-H). 5.48 (s. 2H: 14-CH2). 5.13 (s. ZH: lO-OCH,Ph), 5.07 (s. 4H; 
4-OCH2Ph and 6"-OCHLPh). 4.68 (s. 2H; ArCH,OTPS), 1.07 (s. 9H; rBu); "C 
NMR (125 MHz, CDCI,, 20'C): 6 =166.1. 156.5. 154.9.145.0. 137.1, 136.6. 136.5. 
135.5. 133.1. 129.8, 128.54. 128.48. 128.4. 127.9. 127.8. 127.0, 126.9. 112.9. 112.8. 
112.2. 102.9. 70.8, 70.2. 66.6. 65.2, 26.8. 19.2; FAB HRMS calcd for C,,H,,O,BrSi 
(M + H t ) :  877.2560, found: 877.2550. 

Benzyl alcohol 42: A solution of ester 41 (6.39 g. 7.28 mmol) in T H F  (73 mL) was 
cooled lo -98 "C and treated with nBuLi (4.78 mL. 1 . 6 ~  in hexanes). The resultant 
mixture was then warmed to - 78 "C and stirred for 30 min. After the reaction was 
quenched with saturated aqueous NaHCO, (50 mL). the T H F  was evaporated in 
vacuo and the residue extracted with EtOAc (100 mL x 2). The combined organic 
layers were washed with brine (100mL) and then dried (Na,SO,), filtered and 
concentrated. Purification of the residue by flash chromatography (silica gel, 1 % 
MeOH and 20% EtOAc in petroleum ether) afforded 42 (4.98 g. 86%) as a white 
foam: R, = 0 13 (20% ElOAc in petroleum ether); 1R (thin film): C,,,.. = 3493 
(broad. OH) ,  1652 (C=O). 1584. 1429. 1266. 1110. 740. 700cm.'; ' H N M R  
(500 MHz. [DJDMSO. 20°C): 6 =7.61 (ddd. J = 8.1. 3.4. 2.0 Hz. 4H; Sir- 
BuPh,(orrho)). 7.48 (11. J =7.3. 1.4Hz. 2H; SirBuPh,(puru)). 7.43-7.40 (m. 5H; 
Ar).7.26-7.21(m,6H;Ar),7.14(1,J=7.3Hz,1H;Ar).7.07(t,J=7.7Hz.2H; 
Ar). 7.02-6.99 (m. 6H; Ar), 6.83 (d, J =7.1. Hz. 2H; lO-OCH,Ph(puru)). 6.59 (5, 

2H; 3"-H and 7'-H). 4.97 (1. J = 5.6 Hz. IH;  OH). 4.77 (s. 2H: 10-OCH,Ph). 4.73 
(s. 4H; 4-OCH2Ph and 6"-OCH,Ph). 4.71 (5. 2H; ArCH,OTPS), 4.51 (d. 
J = 5.6 Hz, ZH. ArCH,OH), 1.03 (s. 9H;  rBu); "C NMR (125 MHr. CDCI,. 
20'C): 6 =195.2. 156.4. 156.1. 143.9, 143.4. 136.6. 136.2. 134.9. 132.6. 130.6. 129.9, 
128.6. 128.1, 127.90. 127.86. 127.8. 127.5, 127.34, 127.30. 126.7. 119.9. 118.6. 110.9. 
102.5. 69.6. 69.0. 64.7, 60.2. 26.5, 18.7; FAB HRMS calcd for C,,H,,O,SiCs 
( M  + Cs'): 931.2431, found: 931.2445. 

General procedure A for oxidation of henzyl akohok to benzaldehydes: A suspension 
of the benzyl alcohol derivative (1 mmol). 4-methylmorpholine N-oxide (175.7 mg. 
1.5 mmol) and activated 3 8( molecular sieves in acetonitrile ( 5  mL) was treated with 
tetrapropylammonium perruthenate(v1r) (17.6 mg. 0.05 mmol) and stirred at 25 'T 
for 30 min. The reaction mixture was then diluted with EtOAc and filtered through 
a pad of silica gel. The filtrate was concentrated and the residue purified by flash 
chromatography (silica gel) to afford the corresponding aldehyde. 

Benzaldehyde 43: Benzyl alcohol 42 (4.98 g, 6.24 mmol) was converted to 43 (3.73 g. 
75 %) according to general procedure A and isolated as white crystals by recrystalli- 
sation from EtOAcln-hexane: M.p. 123- 125°C; R, = 0.30 (20% EtOAc in 
petroleumether):IR(thinfilm): 8,,, =1693(C=O). 1662(C=O), 1583. 1430, 1263, 
1110,741,700 cm-'  ; ' H  NMR (500 MHz. CDCI,. 20'C): 6 = 9.93 (5, IH;  CHO), 
7.67 (dd. J = 8.0, 1.2 Hz, 4H; SirBuPh,(orrho)). 7.44 (11, J =7.5. 1.3 Hz, 2H; Sir- 
BuPh,(puru)). 7.39-7.34 (m. 6H; Ar). 7.24-7.17 (m. 6H; Ar). 7.12 (t. J =7.5 Hz, 
2H; Ar).7.08-7.02(m. 6H; Ar). 6.90(d. J =7.3 Hz. 2H; 10-OCH,Ph(orrho)). 6.52 
(s. 2H; 3"-H and 7"-H), 4.79 (s, 2H; ArCH,OTPS). 4.72 (s. 6H: 4"-OCH,Ph, 
6-OCH2Ph and 10-OCH,Ph). 1.11 (s. 9H; rBu); "C NMR (125 MHz. CDCI,. 
20°C): b=193.9. 191.5, 157.6. 156.3. 145.8. 136.9, 136.2. 135.8, 135.6. 135.51. 
135.47. 133.1, 130.5. 129.9. 128.3. 128.2. 127.84, 127.78, 127.7. 127.6. 127.1. 119.9, 
119.1.116.9.102.5.70.5.70.1.65.2.26.8, 19.3;FABHRMScalcdforCJ2H4,O,SiCs 
(M + Cs'): 929.2275. found: 929.2243. 

Cewral procedure B for oxidation of benzaldehydes to beazoic acids: A solution of 
the aldehyde (I  mmol) in T H F  (4.5 mL). rBuOH (4.5 mL) and water (1.5 mL) was 
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treated with 2-methyl-2-butene (4.0 mL, 2 . 0 ~  in THF). NaH,PO, (3.0 mL. 1 . 0 ~  in 
water) and 80% NaCIO, (339 mg. 3.0 mmol). The reaction mixture was stirred at 
25°C until the oxidation was complete (8-12 h for 14-aldehyde; 1 h for 2"-alde- 
hyde). and the organic solvents were then evaporated in vacuo. The residue was then 
treated with KHSO, (10 mL. 0 . 5 ~  in water) and the resultant aqueous mmture was 
extracted with EtOAc (10 mL x 2). The combined layers were washed with water 
(IOmL). saturated Na,SO, ( 5  mL) and brine (IOmL) and then dried (Na,SO,). 
filtered and concentrated. Purification of the residue by flash chromatography (sil- 
ica gel. 0-5% McOH in CH,CI,) and recrystallisation of the product from EtOAc/ 
n-hexane then afforded the correspondmg carboxylic acid. 

Carboxylic acid 44: Benzaldehyde 43 (3.71 g. 4.65 mmol) was converted to 44 
(3.71 g. 98%) according to general procedure Band isolated as white crystals: M.p. 
124-1243°C; R, = 0.12 ( 5 %  MeOH in CH,CI,); IR (thin film): t- =I694 
(C=O). 1674 (C=O). 1606. 1580. 1429. 1271, 1110. 736. 700cm-';  ' H N M R  
(500 MHz. CDCI,.20°C):6 = 8.54(s). 7.67-7.64(m;Ar), 7.44(m;Ar).7.38-7.31 
(m; Ar). 7.23-7.07 (m; Ar). 7.03-7.01 (m; Ar), 6.99 (d. J =7.5. Hz; 1 0 -  
OCH,fh(orrho)), 6.95 (m; Ar). 6.91 (d. J = 8.1 Hz; Ar). 6.78 (s; Ar), 6.71 (d. 
J =7.3 Hz: Ar), 6.59 (s; Ar). 6.56 (s. Ar). 5.11. 5.02 (AB system. J = 1 1 . 3  Hz; 
ArOCH,Ph). 5.07. 5.00 (AB system, J = 12.2 Hz; ArOCH,Ph). 4.78 (s), 4.74 (s; 
ArCH,OTPS).4.61.4.36(ABsystem, J =11.2 Hz;ArOCH,Ph). 1.09(s.9H: rBu): 
"C NMR (125 MHz, CDCI,. 20°C): 6 =192.3. 169.7, 169.2, 158.7, 158.3, 157.0. 
155.6. 152.5. 146.4. 144.2, 139.3. 136.5. 136.3. 136.2. 135.50, 135.46. 135.2. 135.1. 
133.12, 133.06. 133.02. 130.7. 129.9, 1293. 129.3, 128.9, 128.6, 128.34, 128.28, 
128.25, 128.21, 127.9, 127.84. 127.75. 127.6. 127.5. 127.2. 127.0, 122.8. 116.8. 116.4. 
116.3. llI.6,105.6,104.4. 103.9. 102.8.72.6.70.5.70.36.70.32.69.6.65.2.64.9.26.8. 
19.3 [the equilibrium between ketocarboxylic acid and its hemiketal precluded a 
comprehensive assignment ofall resonances]; FAB HRMS calcd for C,,H.,O,SiCs 
(M + Cs'): 945.2224, found: 945.2236. 

Benzyl ester 45: A solution of carboxylic acid 44 (3.70 g, 4.55 mmol) in D M F  
(40mL) was treated with K,CO, (1.89g. 13.65mmol) and benzyl bromide 
(1.08 mL. 9.10 mmol) and stirred for 1 h a t  25 "C. The reaction was then quenched 
with water (350 mL) and the aqueous residue extracted with EtOAc (80 mL x 2). 
The combined organic layers were washed with water (80 mL x 2) and then dried 
(Na,SO,). filtered and concentrated. Punfication ofthe residue by flashchromatog- 
raphy (silica gel. 15 - 20% EtOAc in petroleum ether) afforded 45 (4.03 g, 98 %) as 
a white foam: R,=0.28 (20% EtOAc in petroleum ether); IR (thin film): 
3,., =I724 (C=O), 1662 (C=O). 1605, 1581. 1429. 1273. 1110. 736. 697cm-';  
' H N M R  (500 MHz. CDCI,. 20°C): 6 =7.67 (m. 4H; SitBuPh,(or/ho)), 7.44 (It, 
J = 7  5 .  1.3 Hz, 2H; SirBuPh,(puru)). 7.38 (11. J =7.0. 1.1 Hz, 4H: Ar), 7.25-7.13 
(m, 14H; Ar), 7.10 (11. J =  6.9. 1.5 Hz. 2H; 4"-OCH,Ph(paru) and 6 -  
OCH,Ph(puru)). 7.05 (m. 4H; Ar). 6.97 (bd. J =7.2 Hz. 2H; Ar). 6.91 (d. 
J = 8.2 Hz. 1H; Ar), 6.53 (5. 2H; 3"-H and 7"-H), 5.13 (s. 2H; CO,CH,Ph). 4.81 
(5. 2H; IO-OCH,Ph). 4.73 (s. 4H; 4-OCH2Ph and 6-OCH2Ph). 4.71 (5. 2H; 
ArCH,OTPS). 1.10 (s. 9H; ~ B u ) :  "C NMR (125 MHz, CDCI,. 20°C): 6 =192.0. 
166.9. 159.0. 155.6, 146.2, 136.5. 136.3, 135.9. 135.5. 134.7. 133.2. 131.3. 129.9. 
129.3. 128.3. 128.2. 127.8, 127.5. 127.4, 127.11. 127.05. 122.3. 118.2. 115.7. 102.8, 
70.4. 70.2. 66.8.65.3. 26.8. 19.3; FAB HRMS calcd for C,,H,,O,SiCs (M + Cs+): 
1035.2693. found: 1035.2736. 

General procedure C for desilylatioo of cerr-butyMiphenylsilylethers: A solution of 
the rerr-butyldiphenylsilylether (1 mmol) in T H F  (10 mL) was treated with tetra- 
butylammonium fluoride (1.20 mL, 1 . 0 ~  in THF)  and stirred for 10 min at 25 "C. 
The solution was then concentrated and the residue purified by flash chromatogra- 
phy (silica gel, 1 % MeOH and 20 --t 40% EtOAc in petroleum ether) to afford the 
corresponding benzyl alcohol. 

Benzyl skohol46: Benzyl ester 45 (3.52 g, 3.90 mmol) was converted to 46 (2.46 g. 
95 %) according to general procedure C and isolated as white crystals by recrystalli- 
sation from EtOAcln-hexane: M.p. 138.5-139.5"C; R, = 0.26 ( 1 %  MeOH and 
40% EtOAc in petroleum ether); C,,,., = 3448 (broad. OH), 1722 (C=O). 1655 
(C=O). 1605.1580.1431.1274,1118.739,697cm". 'HNMR(500MHz,CDCI,,  
2 O T ) : S  =7.24-7.16(m, 14H;Ar),  7.14(tt, J=7 .1 .  1 .4Hz,ZH;4-OCH,Phand 
6"-OCH,Ph(paru)), 7.09-7.07(m.4H:Ar).6.97(bd. J =7.1 Hz. 2H;Ar),6,90(dd, 
J =  8.1. 1.0 Hz.1H; Il"-H).6.50(s,ZH.3"-Hand7"-H).5.13(s,ZH;CO,CH,Ph), 
4.78 (s. 4H; 4-OCH2Ph and 6-OCH2Ph),  4.77 (s. 2H; 10-OCH,Ph). 4.61 (d, 
J = 6.0 Hz. 2H; CH,OH), 1.86 (1. J = 6.0 Hz, 1H; OH); "C NMR (125 MHz. 
CDCI,. 20'C): 6 =192.2. 166.9, 159.0, 155.7. 146.4. 136.4, 136.3. 135.9, 134.2, 
131.5. 129.5. 128.24, 128.19, 128.1. 127.8. 127.6. 127.4. 127.2. 127.1, 122.2. 118.4. 
115.7.103.3.70.4,70.3,66.8.64.8;FABHRMScalcdforC,,H,,O,Cs(M+Cs'): 
797.151 5. found : 797.1 527. 

Benzaldehyde 47: Benzyl alcohol 46 (2.37 g. 3.57 mmol) was converted to 47 (1.66 
g. 70%) according to general procedure A and isolated as white crystals by recrys- 
tallisation from EtOAc/n-hexane: M.p. 110-112'C; R, = 0.47 (30% EtOAc in 
petroleum ether); IR (thin film): t,,,., =1724 (C=O). 1697 (C=O). 1667(C=O). 
1581. 1434. 1278. 1114. 738. 695cm-';  ' H N M R  (500MHz. CDCI,. 20°C): 
6 =9.81 (s. 1H; CHO). 7.34 (1. J = 8 . 0 H z .  IH;  Ar). 7.26-7.19 (m. 13H; Ar), 
7.11-7.06(m.6H;Ar),6.97(dd,J=8.4,0.8Hz,1H;11"-H).6.90(s,2H;3"-Hand 
T-H). 6.83 (d. J = 8.2 Hz, 2H; Ar), 5.14 (5. 2H; CO,CH,Ph), 4.81 (s. 4H; 4 -  
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OCH,Ph and U-OCH,Ph). 4.70 ( s ,2H;  10-OCH2Ph); "C NMR (125 MHz, CD- 
CI,, 20°C): 6 =191.5, 191.4. 167.6, 158.2, 156.6, 138.1, 135.9. 135.7. 135.4, 133.4. 
131.2. 131.1. 128.33. 128.29, 128.2. 127.94, 127.92, 127.7, 127.1. 125.3. 122.0. 115.1. 
106.5. 70.6. 70.4. 67.2; FAB HRMS calcd for C,,H,,O,Cs ( M  + Cs'): 795.1359. 
found: 795.1369. 

Carboxylic acid 48: Benzaldehyde 47 (1.56 g. 2.35 mmol) was converted to 48 
( I  5 1  g. 95%) according to general procedure B and isolated as white crystals: M.p. 
158-160.5"C; R, = 0.30 ( 5 %  MeOH in CH,CI,); IR (thin film): C,., = 3000 
(broad.OH). 1722(C=O). 1690(C=O). 167O(C=O). 1581.1424.1278.1115,1039. 
910, 737, 697 cm-' ;  'H NMR (500 MHz. CDCI,. 20°C): Q =7.31 (dd. J = 8.0. 
8.0 Hz. IH;  12"-H). 7.25-7.21 (m. 15H; Ar), 7.13 (1. J =7.9 Hz. 2H; 4-OCH2Ph 
and 6-OCH2Ph(paro)). 7.07-7.05 (m, 4H; Ar),  6.96 (d. J = 8.2 Hz. IH;  11"-H), 
6.85(d.J =7.3 Hz.2H;Ar).5.14(s,2H;CO,CH,Ph).4.79(~.4H;4-OCH,Phand 
6-OCH2Ph).  4.71 (s. 2H; lO-OCH,Ph); "C NMR (125MHz. CDCI,. 20°C): 
6 =191.6. 171.0. 167.5. 157.8, 156.4. 136.0. 135.7, 135.5. 133.1. 131.7. 131.6. 130.8. 
128.3. 128.2. 127.9. 127.6. 127.2. 124.7. 122.0, 115.2. 107.2. 70.5. 70.4. 67.1; FAB 
HRMS calcd for C,,H,,O, (M + H * ) :  679.2332, found: 679.2310. 

General procedure D for ester formation: A suspension of the alcohol (1.00 mmol), 
the carboxylic acid (1.00 mmol) and 2-chloro-I-methylpyridinium iodide (332 mg, 
1.30 mmol) in CH,CI, (10 mL) was treated with triethylamine (0.28 mL. 2.0 mmol) 
and then stirred at 25'C for 30 min. 4-Dimethylaminopyridine (61.1 mg. 
0.50 mmol) was then added to the mixture and stirring was continued at 25 'C for 
a further 3 h. The reaction mixture was then passed through a pad of silica gel and 
the filtrate concentrated in vacuo. Purification of the residue by PTLC (silica gel. 
40% EtOAc and 10% CH,CI, in petroleum ether) then afforded thecorresponding 
ester. 

FuUy protected bslanol49: Amide 14 (62.6 mg. 0.132 mmol) and carboxylic acid 48 
(89.6 mg. 0.132 mmol) were coupled according to general procedure D to afford 49 
(118.9 mg, 79%) as a colourless oil: R, = 0.36 (20% EtOAc in benzene); 

= - 63.9 (c. = 0.83 in CHCI,); IR (thin film): i,,, = 3377 (NH). 1712 (C=O). 
1663 (C=O), 1604 (C=O). 1581cm-I:  'HNMR (500MHz. CDCI,. 20'C): 
6=7.80(d.J=7.8Hz).7.72(d,J=7.8Hz).7.42-7.03(m).6.91 (bdd .J=7.1 ,  
7.1 Hz). 6.82 (bd. J =7.7 Hz). 5.27 (AB system. J = 12.5 Hz. OCH,Ph), 5.24 (d. 
J = 12.5 Hz, OCH,Ph). 5.19 (m. 4-H). 5.10 (s. OCH,Ph). 5.05 (s. OCH,Ph), 4.85. 
4.82 (AB system. J =11.9 Hz, OCH,Ph). 4.68 (s. OCH,Ph). 4.12 (bd. J = 5.5 Hz. 

2.09-1.76 (m, 6-H, 7-H'); "C NMR (125 MHz, COD,. 75'C) 6 =190.4. 167.7, 
166.2, 166.0. 162.0. 159.0, 157.4. 137.5. 137.0. 136.7, 134.5. 130.5, 129.4. 128.9, 
128.7. 128.6. 128.5. 128.4. 128.0. 127.8, 127.7. 127.7. 122.6. 116.0. 115.3. 108.6,78.5. 
71.4. 71.3. 70.4, 68.0. 67.3. 54.5. 49.2. 29.6 [the presence of rotamers precluded a 
comprehensive assignment of all proton and carbon resonances]; FAB HRMS calcd 
for C,,H,,N,O,, (M  + Cs'): 1267.3357. found: 1267.3306. 

General procedure E for debenzylation: A solution of the fully protected balanol 
(derivative) ( I  00 mmol) in formic acid (50mL) was treated with palladium black 
(300 mg. 2.8 rnmol) and then stirred for 7 h at 25 "C. The resultant mixture was 
filtered and concentrated and the residue purified by PTLC on silica gel (nBuOH/ 
H,O/AcOH = 5jl!l) followed by PTLC on C,,-reversed phase silica gel (40% 
MeCN in water) to afford balanol (analogue). 

Balanol ( I ) :  Fully protected balanol49 (70.0 mg. 61.7 pmol) was converted to bal- 
anol ( I )  (27.1 mg. 80%) as a yellow solid according to general procedure E: M.p. 
decomp.2180'T; R, = 0.64 (nBuOH/H,OjAcOH = 41111); [a];' = ~ 111.0 
(I- = 0.10 in MeOH); IR (thin film) C,,, = 3385 (NH). 1711 (C=O). 1628 (C=O). 
1604. 1507cm-';  ' H N M R  (500MHr. CD,OD. 23°C): 6 =7.60 (d. J = 8.7 Hz. 
ZH; 3'-H and 7'-H). 7.26 (d. J =7.3 Hz. IH;  13"-H). 7.17 (dd. J =7.9. 7.9 Hz. 1H; 
12"-H). 6.91 (s. 2H; 3" H and 7"-H). 6.79 (d. J = 7 . 7  Hz. 1H: 11"-H). 6.76 (d. 
J = 8.7 Hz. 2H; 4-H and 6-H).  5.29 (m. I H ;  4-H). 4.33 (bm. 1H: 3-H). 3.44-2.98 
(bm.4H;2-H2and7-H,).2.11-1.85(bm.4H; 5-H,.6-HZ); "C NMR(125MHz. 
CD,OD. 23°C): 6 = 203.6. 174.8, 16Y.8. 166.5. 162.3, 161.3, 154.4. 139.2. 136.3. 
132.2. 130.5. 130.2. 125.9. 120.8. 118.7. 118.5.116.2. 109.7.77.4. 54.5. 30.2.23.4lthe 
carbon resonances for C1 and C, are obscured by solvent peaks]; FAB HRMS calcd 
for C,,H,,N,O,, (M  + H'):  551.1666. found: 551.1684. 

Methyl ester 50: A solution of carboxylic acid 48 (121 mg. 0.178 mmol) in DMF 
(2 mL) was treated with K,CO, (30 mg, 0.214 mmol) and iodomethane (22 pL, 
0.36 mmol) and stirred for 2 h a t  25 "C. The reaction was then quenched with water 
(30 mL) and the resultant aqueous mixture was extracted with EtOAc (30 mL x 2). 
The combined organic layers were washed with water (30 mL x 2) and then dried 
(Na,SO,). filtered and concentrated. Purification of the residue by PTLC (silica gel, 
40% EtOAc in petroleum ether) afforded 50 (123 mg, 100%) as a colourless oil: 
R, = 0.20 (20% EtOAc in petroleum ether); JR (thin film): Cm,, =I774 (C=O). 
1723 (C=O). 1668 (C=O). 1582. 1423. 1280, 1238. 1117. 1028, 739. 696cm-I;  
' H N M R  (500MHz. CDCI,, 20 'C) :  6=7.30-7.15 (m. 16H; Ar). 7.11 (1. 
J =7.8 Hz. 2H; 4-OCH,Ph (poru) and 6-OCH2Ph(poro)), 7.07-7.05 (m. 4H: 
Ar). 6.94 (d. J = 8.2 Hz. IH; 11"-H). 6.86 (d. J =7.4 Hz. 2H; Ar). 5.12 (s. 2H; 
CO,CH,Ph). 4.79 (s. 4H;  4'-OCH,Ph and 6"-OCH,Ph). 4.71 (s. 2H: 1 0 -  

3-H). 3.42 (dd. J = 15.3. 5.5 Hz. 2-H). 2.90 (ddd. J = 14.5, 10.8. 4.4 Hz. 7-H). 

OCHzPh). 3.95 (S. 3H; CO,CHJ); "C NMR (125 MHz. CDCI,. 20 C): 6 = 191.6. 

167.4. 166.3. 157.9. 156.3, 136.1. 135.8, 135.7. 132.9. 132.6, 132.1. 130.6. 128.3. 
128.2. 127.9, 127.8, 127.6, 127.5, 127.2, 123.8, 122.0. 115.2. 106.7, 70.5, 70.4. 67.1, 
52.4; FAB HRMS calcd for C,,H,,O,Cs ( M  + Cs'): 825.1465. found: 825.1478. 

Carboxylie acid 51: A solution of methyl ester 50 (105 mg. 0.152 mmol) in T H F  
(3 mL) was treated with palladium black (4.0 mg. 38 pmol) and stirred under an 
atmosphere of hydrogen for 12 h at 25 "C. The reaction mixture was filtered and 
concentrated and the residue purified by PTLC (C,,-reversed phase silica gel, 40% 
MeCN in water) to afford 51 (46.5 mg, 92%) as a yellow solid: M.p. 172- 174'C; 
R, = 0.55 (C,,-reversed phase silica gel. 50% MeCN in H,O); IR (thin film): 
8,. = 3431 (broad, OH), 1701 (C=O). 1636 (C=O), 1599. 1424. 1251 cm-I:  
'H NMR (500 MHz. CD,OD, 20 "C): 6 =7.49 (d. J =7.6 Hz, IH; 13"-H), 7.27(dd. 
J=8.0,7.6Hz.1H;12"-H).7.02(d,J=8.0Hz.1H;ll"-H).6.89(s,2H;~-Hand 
7"-H). 3.87 (s, 3H. CO,CH,); "C NMR (125 MHz. CD,OD. 20°C): 6 =167.6. 
163.2. 154.7. 137.2, 134.4. 129.9. 121.9, 120.7, 115.2. 108.8.52.9: FABHRMScalcd 
for C,,H,,O, ( M  + H'): 333.0610. found: 333.0615. 

Amine 52: A solution ofamide 14 (49.2 mg, 0.104 mmol) in formic acid (2 mL) was 
treated with palladium black (11.0 mg.0.103 mmo1)andstirred for I h a t  25°C. The 
reaction mixture was filtered and concentrated and the residue purified by PTLC 
(C,,-reversed phase silica gel. 30% MeOH in 0.1 N HCI) to afford the hydrochloric 
acid salt of 52 (30.8 mg. 100%) as a white powder: M.p. decomp.2180'C; 
R, = 0.23 (nBuOH/H,O/AcOH); [ a j y  = ~ 12.1 (c = 0.27 in MeOH); IR (KBr): 
'u,,, = 3400 (broad, OH and NH). 1718 (C=O), 1608, 1508, 1273, 1177cm.'. 
'HNMR (500 MHz. (D,]DMSO. 20°C): 9.41 (bs. IH). 9.08 (bs. IH). 8.38 (d. 
J =7.6 Hz. IH;  NHCO). 7.82 (d. J = 8.6 Hz. 2H; 3'-H and 7'-H). 6.82 (d. 
J =  8.6Hz. 2H; 4 - H  and 6'-H). 4.09 (ddd, J=14.6 .  7.6, 3.1 Hz. 1H: 3-H). 3.87 
(bm. IH;  4-H). 3.21-3.03 (m. 4H; 2-H, and 7-H1), 1.93-1.73 (m, 4H; 5-H, and 
6-H,); "C NMR (125 MHz. [DJDMSO, 20°C). 6 =166.0. 160.3. 129.4. 124.5. 
114.6. 71.1. 53.5. 45.7, 45.6, 30.8. 19.3; FAB HRMS calcd for C,,H,,N,O, 
( M  + H + ) :  251.1396. found: 251.1385 

Silyl ether 54: A solution of methyl 4-(hydroxymethyl)benzoate 53 (10.20 g. 
60.16 mmol) and imidazole (6.14 g. 90.19 mmol) in DMF (90 mL) was treated with 
tBuPh,SiCI (18.0 mL. 69.2 mmol) at 0 "C,  warmed to 25 'C and stirred for 2 h. The 
reaction mixture was then treated with water (500 mL) and the resultant aqueous 
mixture was extracted with EtOAc (250 m L  x 2). The combined organic layers were 
washed with water (500 mL x 2) and brine (300 mL) and then dried (Na,SO,). 
filtered and concentrated. Purification of the residue by flash chromatography (sil- 
ica gel, 2 + 3 %  EtOAc in petroleum ether) afforded 54 (23.61 g. 100%) as a pale 
yellow oil: R, = 0.38 (5% EtOAc in petroleum ether); IR (thin film): C-, =1722 
(C=O). 1278. 1107. 701 cm- ' ;  'H NMR (500 MHz, CDCI,. 20°C): 6 = 8.01 (d, 
J = 8.2 Hz. 2H; 4-H and 6 - H ) .  7.68 (m, 4H; SirBuPh,(orrho)), 7.45-7.36 (m. 8H; 
Ar).4.81 (s.~H;A~CH,OTPS).~.~~(S,~H;CO,CH,). I.lO(s.9H;tBu): "CNMR 
(125 MHz.CDCI,. 20'C): 6 =167.1. 146.3, 135.5. 133.2. 129.8. 129.6. 128.7. 127.8. 
125.6. 65.1. 52.0, 26.8, 19.3; FAB HRMS calcd for C,,H,,O,SiNa ( M  + Na'): 
427.1705. found: 427.1719. 

Carboxylic acid 55: A solution of silyl ether 54 (23.47 g. 59.79 mmol) in 1.4-dioxane 
(225 mL) and water (75 mL) was treated with LiOH (2.86 g, 119.6 mmol) and the 
reaction mixture was stirred for 24 h at 25 "C. Saturated aqueous NH,CI (100 mL) 
was then added and the organic solvent was evaporated in vacuo. The aqueous 
mixture was acidified with KHSO, (240 mL. 0 . 5 ~ )  and extracted with CH,CI, 
(250 mL x 3). The combined organic layers were washed with water (500 mL) and 
then dried (Na,SO,), filtered and concentrated. Purification of the residue by flash 
chromatography (silica gel, 0 - 5 YO MeOH in CH,CI,) and recrystallisation of the 
product from EtOAc/n-hexane afforded 55 (14.04 g, 62%) as white needles: M.p. 
123.5-124.5"C; R, = 0.44 (10% MeOH in CH,CI,); IR (thin film): i,,, = 3000 
(broad.OH). 1692(C=O). 1427.1287.1112.lO86.701 m - ' ; ' H N M R ( 5 0 0 M H z .  
CDCI,. 20°C): 6 = 8.09 (d. J = 8.3 Hz. 2H; 4 - H  and 6"-H). 7.69 (m. 4H; Sit- 
BuPh,(orrho)). 7.46 (d, J = 8.3 Hz. 2H; 3"-H and 7"-H). 7.44 (tt. J =7.4. 1.4 Hz, 
2H; SitBuPh,(poru)). 7.38 (m. 4H; SitBuPh,(meru)). 4.84 (s. 2H; ArCH,OTPS). 
1.11 (S, 9H; fBu), "C NMR (125MHz. CDCI,. 20°C): 6 =171.3. 147.4. 135.5. 
133.1. 130.2. 129.8, 127.80. 127.76. 125.7. 65.1. 26.8. 19.3; FAB HRMS calcd for 
CI,H,,O,Si (M-H' ) :  389.1.573. found: 389.1568. 

Ester 56: A solution of carboxylic acid 55 (10.99 g. 28.14 mmol). benzyl alcohol 35 
(8.25 g. 28.14 mmol) and triphenylphosphine (8.12 g. 30.95 mmol) in T H F  (93 mL) 
was cooled lo 0°C and treated with diethyl azodicarboxylate (4.87mL. 
30.95 mmol). The resultant mixture was then warmed to 25'C. stirred at 25'C for 
15 min and finally concentrated in vacuo. Purification of the residue by flash chro- 
matography (silica gel, 7- 10% EtOAc in petroleum ether) and recrystallisation of 
the product from EtOAcln-hexane afforded 56 (17.6Og. 96%) as white needles: 
M.p. 105.5-106.5"C; RI = 0.58 (20% EtOAc in petroleum ether); IR (thin film): 
b,,, =I722 (C=O), 1270. 1106. 701 cm- ' ;  ' H N M R  (500MHz. CDCI,, 20'C). 
6 = 8.08 (d. J = 8.3 Hz. 2H; 4 - H  and 6 - H ) .  7.68 (m. 4H; SitBuPh,(ortho)). 7.49 
(d. J = 7 . 2  Hz. 2H; l0-OCH2Ph(orfho)). 7.44-7.36 (m. IOH; Ar). 7.33 (bt. 
J =7.3 Hz. 1H: 10-CH,Ph(pora)). 7.26(dd. J =7.9. 7.9 Hz, IH;  12'-H). 7.13 (bd. 
J =7.9 Hz, IH;  Ar). 6.93 (bd, J =7.9 Hz, IH;  Ar). 5.48 (s, 2H; ArCH,OCOAr). 
5.18 (s. 2H; ArOCH,Ph). 4.82 (s, ZH: ArCH,OTPS). 1 10 (s. 9H; tBu); "C NMR 
(125 MHz. CDCI,. 20°C): 6 = 166.2, 155.3. 146.6. 137 3. 136.5. 135.5. 133.2, 129.8. 
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128.61. 128.57. 128.0. 127.8. 127.0, 125.7, 121.8. 113.6. 113.3.71.0.66.3.65.1.26.8. 
19.3; FAB HRMS calcd for C,,H,,BrO,SiCs ( M + C s ' ) :  797.0699. found: 
797.0665. 

Benzaldehyde57: A solutionofester56(10.82 g, 16.26 mmol)inTHF(IlOmL)was 
cooledto -98"Cand treated withnBuLi(ll.2 mL, 1 . 6 ~ i n  hexanes).Theresultant 
mixture was then warmed to - 78 "C and stirred for a further 30 min. After quench- 
ing with saturated aqueous NaHCO, (50 mL). the T H F  was evaporated and the 
aqueous residue extracted with EtOAc (150 mL x 2). The combined organic layers 
were washed with brine (200 mL) and then dried (Na,SO,), filtered and concentrat- 
ed. The crude product was then converted to 57 (5.42 g. 57% for the 2 steps) 
according to general procedure A and isolated as a colourless oil: R, = 0.24 (20% 
EtOAc in petroleum ether); IR (thin film): i,, = 1700 (C=O). 1674 (C=O), 1462. 
1269. 1113. 739. 703cm-I;  'HNMR (500MHz. CDCI,. 20°C): 6=9.91(s. 1H; 
CHO), 7.80 (d. J = 8.3 Hz, 2H; Ar). 7.68 (m, 4H; SirBuPh,(orrho)). 7.59 (dd. 

4H; Ar). 7.37 (m. 4H; SirBufh,(mera)), 7.26-7.21 (m, 4H; Ar), 7.08 (dd. J =7.3. 
2.3 Hz.2H;Ar).5.08(~.2H; IO"-OCH,Ph).4.83(s.tH;ArCH,OTPS). l.lO(s.9H; 

135.9. 135.5. 133.1. 131.5, 130.6. 129.8. 129.3. 128.5. 127.9. 127.8, 126.7. 125.8, 
123.0. 118.4, 70.5. 65.1. 26.8. 19.3; FAB HRMS calcd for C,,H,,O,SiCs 
( M  + Cs'): 717.1437. found: 717.1470. 

Carboxyk acid 58: Benzaldehyde 57 (5.42g. 9.27mmol) was converted to 58 
(5.24 g. 94%) according to general procedure Band isolated as white crystals: M.p. 
175.5-177°C; R, = 0.13 (5% MeOH in CH,CI,); IR (thin film): i,,, =1700 
(C=O), 1664(C=O). 1270. 1113.701 cn-': 'HNMR(500MHz,CDCI,,20"C): 
6 =7.75 (d. J = 8.0 Hz, 2H; 4"-H and 6"-H). 7.71 -7.67 (m. SH; Ar), 7.43-7.39 (m. 
5H; Ar), 7.36 (dd. J =7.5. 7.5 Hz. 4H; SifBuPh,(mera)), 7.21 -7.18 (m. 4H; Ar), 
7.05 (m, 2H; Ar). 5.04 (s, 2H; 10"-OCH,Ph). 4.82 (s. 2H; ArCH,OTPS), 1.10 (s. 

136.0. 135.51. 135.47. 133.1. 129.8, 129.0. 128.6. 128.4. 127.8, 127.7, 126.7. 125.6. 
123.3. 117.9. 70.5. 65.1. 26.8, 19.3; FAB HRMS calcd for C,,H,,O,SiCs 
( M  + Cs'): 733.1386. found: 733.1421. 

k y l  ester 59: A solution of carboxylic acid 58 (5.23 g, 8.71 mmol) in DMF 
(50 mL) was treated with K,CO, (1.92 g. 13.9 mmol) and benzyl bromide (1.65 mL. 
13.9 mmol) and stirred for 2 h a t  25°C. The reaction mixture was then treated with 
saturated aqueous NH,CI (300 mL) and the resultant aqueous mixture was extract- 
ed with EtOAc (120 mL x 2). The combined organic layers were washed with water 
(120 mL x 2) and then dried (Na,SO,). filtered and concentrated. Purification ofthe 
residue by flash chromatography (silica gel. 15-20% EtOAc in petroleum ether) 
afforded 59 (5.90 g, 98%) as a colourless oil: R, = 0.32 (20% EtOAc in petroleum 
ether);IR(thin~lm):i.,,, =1721 (C=O). 1678(C=0),1274.1113.740.700cm~'; 
'H NMR (500 MHz. CDCI,. 20°C): 6 =7.74 (d. J = 8.2 Hz. 2H; 4 - H  and 6 - H ) .  
7.72-7.68 (m. 5H; Ar). 7.45-7.36 (m. 9H; Ar). 7.25-7.16 (m, 9H; Ar). 7.06 (dd. 
J -7.4.2.2 Hz. 2H; Ar). 5.14 (s. 2H; CO,CH,Ph). 5.05 (5. 2H; 10"-OCH,Ph). 4.82 
(s, 2H; ArCH,OTPS). 1.11 (s, 9H; IBu); "C NMR (125 M H z  CDCI,. 20°C): 
6 =195.4, 165.2. 155.7, 146.3. 136.4. 136.1. 135.5. 135.1. 133.1, 132.1, 129.8, 129.6. 
129.0. 128.40, 128.36. 128.3, 128.1. 127.8. 127.7. 126.7, 125.6, 122.8, 117.2, 70.5. 
67.2.65.1.26.8. 19.3; FABHRMScalcdforC.,H,,O,SiCs(M +Cs'):823.1856. 
found: 823.1821. 

Benzyl alcohol 60. Benzyl ester 59 (5.90 g. 8.54 mmol) was converted to 60 (3.56 g. 
92%) according to general procedure C and isolated as a colourless oil: R, = 0.28 
(40% EtOAc in petroleum ether); IR (thin film): t-, = 3421 (broad, OH). 1717 
(C=O). 1670 (C=O). 1275. 753. 697cm-I: ' H N M R  (500MHz. CDCI,. 20°C): 
6 =7.76 (d. J = 8.1 Hz. 2H. 4 - H  and 6 - H ) .  7.72 (d, J = 8.0 Hz. 1H; 13"-H), 7.42 
(dd. J = 8.0. 8.0 Hz. IH; 12"-H). 7.37 (d. J = 8.1 HL. ZH; 3"-H and 7 " - H ) ,  7.29- 
7.26 (m. 3H; Ar), 7.23-7.16 (m. 6H; Ar). 7.07-7.05 (m. 2H; Ar). 5.13 (5. 2H; 
CO,CH,Ph). 5.03 (5. 2H; 10"-OCH,Ph), 4.75 (s. 2H; ArCH,OH); "C NMR 
(125 MHz, CDCI,. 20°C): 6 =195.4.165.2. 155.7. 145.9, 136.9.136.1, 135.1. 131.9. 
129.9, 129.6. 129.2. 128.4. 128.3. 128.2, 127.8. 126.6. 126.5, 122.9. 117.3. 70.5.67.2. 
64.8; FAB HRMS calcd for C,,H,,O,Na ( M  + Na'): 475.1521. found: 475.1540. 

Beoznkdehyde 61 : Benzyl alcohol 60 (3.55 g, 7.85 mmol) was converted to 61 (2.25 g. 
64%) according to general procedure A and isolated as a colourless oil: R, = 0.20 
(20% EtOAc in petroleum ether); IR (thin film): P,,, = 1716 (C=O), 1704 (C=O). 
1683, 1277.751,697cn-'; ' H N M R  (500 MHz. CDCI,. 20°C): 6 = 10.08 (s. 1H; 
CHO). 7.89-7.85 (m. 4H; 3 - H .  4'-H. 6 - H  and 7"-H). 7.74 (dd. J = 8.0. 0.8 Hz. 
1H; 13"-H),7.46(dd3 J =  8.0. 8.0Hz. 1H; 12"-H),7.28-7.17(m.9H; Ar),7.05- 
7.03 (m. 2H; Ar). 5.13 (s. 2H; CO,CH,Ph). 5.03 (s. 2H; lO"-OCH,Ph); "C NMR 
(125 MHz,CDC1,.20"C):6 =195.0, 191.8, 165.1, 155.7, 141.7. 138.7. 135.8. 134.8. 
131.1, 130.4. 129.73. 129.69, 129.3, 128.5. 128.3, 128.0, 126.7, 122.9. 117.3, 70.6, 
67.4; FAB HRMS calcd for C,,H,,O,Na ( M  + Na'): 473.1365. found: 473.1387. 

Carboxylic acid 62: Benzaldehyde 61 (2.25 g, 5.00 mmol) was converted to 62 
(2.08 g. 89%) according to general procedure Band isolated as white crystals: M.p. 
152.5-154°C; R, = 0.23 ( 5 %  MeOH in CH,CI,); IR (thin film): i,, = 3000 
(broad, OH). 1718 (C=O), 1685 (C=O). 1278 cm-'; 'H NMR (500 MHz. CDCI,, 
20°C): 6 = 8.09 (d. J = 8.5 Hz, 2H; 3"-H and 7'-H). 7.81 (d, J = 8.5 Hz. 2H; 4 - H  

J = 7 . 7 .  1.1 Hz. IH; 13"-H). 7.54(t, J = 7 . 7 H z .  1H;Ar).  7.43(tt. J=7.3.  1 . 5 H ~ .  

IBu); "C NMR (125 MHz, CDCI,. 20°C): 6 =195.4. 190.4, 156.0. 147.2. 136.4, 

9H; ~ B u ) ;  "C NMR (125 MHz. CDCI,. 20°C): 6 =169.8. 155.7. 146.4, 136.3, 

and 6"-H), 7.75 (dd. J = 8.0. 0.7 Hz, 1H; 13"-H), 7.46 (dd. J = 8.0, 8.0 Hz. 1H; 
12"-H). 7.29-7.17 (m, 9H: Ar), 7.05-7.03 (m, 2H; Ar). 5.13 (s, 2H; CO,CH,Ph), 

165.1, 155.7, 141.4. 135.8, 134.8, 132.6, 131.2, 130.33, 130.28, 129.7. 128.7, 128.4. 
128.3. 127.9. 126.7. 122.9, 117.3. 70.5, 67.4; FAB HRMS calcd for C,,H,,O, 
(M + H'): 467.1495, found: 467.1512. 

Carboxylic acid 63: A solution of silyl ether 39 (5.42 g, 8.50 mmol) in T H F  (56 mL) 
was cooled to -98'C and treated with nBuLi (S.lOrnL, 2.0M in penrane). The 
reaction mixture was then warmed to -78 "C and stirred for 30 min. Phthalic 
anhydride (1.64g. 11.07mmol) was then added and the reaction mixture was 
warmed to 25 "C over 30 min. The resultant mixture was quenched with water 
(1 mL) and the organic solvents were evaporated in vacuo . KHSO, solution 
(30 mL, 0.5 M) was added and the mixture was extracted with CH,Cl, (100 mL x 3). 
The combined organic layers were washed with water (60 mL x 2) and then dried 
(Na,SO,), filtered andconcentrated. Purification of the residue by flash chromatog- 
raphy (silica gel, 5 %  MeOH in CH,CI,) and recrystallisation of the product from 
EtOAcln-hexane afforded 63 (4.39 g. 73%) as white crystals: M.p. 138.5-141 "C; 
R, = 0.46 (10% MeOH in CH,CI,); 1R (thin film): 8,. = 1700 (C=O), 1675 
(C=O), 1607. 1576, 1429, 1113. 736. 700cm-I;  ' H N M R  (500MHz. CDCI,. 
20°C): 6 =7.85 (bs. 1H; Ar), 7.65 (d. J =7.4 Hz, 4H; SirBuPh,(orrho)). 7.53 (bs, 
2H; Ar). 7.43 (1. J=7 .4Hz,  2H; SirBuPh,(poro)), 7.37 (dd. J =7.4. 7.4 Hz. 4H; 
Si~Bufh,(meru)). 7.23-7.18 (bs, 7H; Ar). 7.08 (m. 4H; Ar), 6.66 (s. 2H; 3"-H and 
7"-H). 4.92 (s. 4H; 4"-OCH,Ph and 6"-OCH,Ph), 4.72 (s, 2H; ArCH,OTPS). 1.09 
(s, 9H; ~ B u ) ;  "C NMR (125 MHz. CDCI,. 20°C): 6 =196.0. 157.7. 146.4. 136.2, 
135.5. 133.1, 131.5. 130.4, 129.9. 128.4. 127.8. 127.7. 126.9, 116.8, 103.0. 70.3. 65.3, 
26.8. 19.3; FAB HRMS calcd for C,,H,,O,SiNa (M + Na'):  729.2648. found: 
729.2612. 

5.04 (S. 2H; lO-OCH,Ph); I3C NMR (125 MHz, CDCI,, 20°C): 6 = 195.1, 170.9, 

Benzyl mter 64: A solution of carboxylic acid 63 (4.38 g, 6.20 mmol) in DMF 
(40 mL) was treated with K,CO, (2.27 g. 18.6 mmol) and bcnzyl bromide (1.47 mL, 
12.4 mmol) and stirred for 3 h a t  25 "C. The reaction was then quenched with water 
(320 mL) and the aqueous mixture was extracted with EtOAc (100 mL x 2). The 
combined organic layers were washed with water (100mLx2)  and then dried 
(Na,SO,), filtered andconcentrated. Purification ofthe residue by flash chromatog- 
raphy (silica gel. 10 --t 15 % EtOAc in petroleum ether) afforded 64 (4.84 g, 98 %) as 
a colourless oil: R, = 0.45 (20% EtOAc in petroleum ether); IR (thin film): 
i,,=1734 (C=O), 1676 (C=O). 1607. 1577. 1429. 1286. 1260, 1114, 737. 
700cm-I;  'HNMR(500 MHz,CDCl,.20"C):6 =7.65(m,4H;SirBuPhZ(orrho)). 
7.59 (dd. J =7.6. 1.0 Hz. 1H; 13"-H), 7.52 (dd, J =7.6. 1.0 Hz. 1H; lo"-H), 7.47 
(ddd. J =7.6, 7.6. 1.3 Hz. 1H; 11"-H). 7.44 (tt, J =7.5, 1.5 Hz, 2H; 
SirBufh,(paru)). 7.41-7.36 (m. SH: Ar). 7.28-7.16 (m. 11H; Ar), 7.07-7.04 (m. 
4H; Ar). 6.61 (s. 2H; 3"-H and 7'-H). 5.18 (5. 2H; CO,CH,Ph). 4.89 (s, 4H; 
4-OCH2Ph and 6-OCH2Ph). 4.72 (s. 2H; ArCH,OTPS), 1.09 (s. 9H; rBu); "C 
NMR(125MHz.CDCI,,20"C):6=193.5.169.1.157.8,145.9.139.8,136.4,135.8, 
135.5. 133.1. 132.8, 131.1, 130.2, 129.9. 129.7, 128.6. 128.2. 128.1. 127.8, 127.5, 
126.8. 116.8. 103.0. 70.2, 67.3, 65.3. 26.8. 19.3.; FAB HRMS calcd for 
C,,H,,O,SiCs (M + Cs'): 929.2275. found: 929.2311. 

Benzyl alcohol 65: Benzyl ester 64 (4.78 g, 6.00 mmol) was converted to 65 (3.08 g, 
92%) according to general procedure C and isolated as a colourless oil: R, = 0.28 
(5% MeOH in CH,CI,); IR (thin film): i,.. = 3448 (broad, OH), 1725 (C=O),  
1670 (C=O). 1607. 1578. 1431, 1287. 1261, 1120, 737, 696cm-I ;  ' H N M R  
(500 MHz. CDCI,, 20'C): 6 =7.58 (dd, J =7.6, 1.3 Hz, 1H; 13"-H), 7.49 (dd. 
J~7.6,1.3H~.lH~lO-H),7.47(ddd,J=7.6,7.6,1.3H~,lH;ll"-H),7.37(ddd, 
J =7.6, 7.6. 1.3 Hz. 1H; 12"-H). 7.33-7.18 (m. 12H; Ar). 7.09-7.05 (m, 3H; Ar). 
6.63 (S.2H; 3"-H and 7"-H),5.18 (s.2H; CO,CH,Ph),4.94(s,4H;4-OCH,Ph and 

b =193.7, 169.0. 157.9. 146.2. 139.7, 136.3. 135.8. 132.8. 131.2, 130.2. 129.6, 128.6. 
128.3. 128.2. 128.1. 127.9, 127.5. 126.8. 116.9. 103.5. 70.2, 67.2. 64.7; FAB HRMS 
calcd for C,,H,,O,Na ( M  + Na'): 581.1940, found: 581.1950. 

BeozaIdebyde 66: Benzyl alcohol 65 (2.87 g, 5.14 mmol) was converted to 66 (1.80 g, 
63%) according to general procedure A and isolated as a pale yellow oil: R, = 0.18 
(20% EtOAc in petroleum ether); IR (thin film): i,,, = 1728 (C=O). 1700 ( G O ) ,  
1684(C=0),1578, 1432, 1261. 1118.737.696cm-'; 1HNMR(500MHz,CDCI,,  

6-OCHZPh).  4.66 (s. 2H; ArCH,OH); "C NMR (125 MHz. CDCI,. 20°C): 

20°C): 6 = 9.90 (s. 1H; CHO), 7.61 (dd. J =7.6. 1.3 Hz, 1H; 13"-H), 7.54 (ddd, 
J=7.6, 7.6. 1.3 Hz. 1H; 12"-H). 7.49 (dd. J =7.6. 1.3 Hz, 1H; 10"-H), 7.40 (ddd, 
J=7.6.  7.6. 1.3 Hz, 1H; 11"-H). 7.28-7.18 (m. 11H; Ar), 7.12 (s. 2H; 3"-H and 
T-H) .  7.10-7.08 (m. 4H; Ar). 5.20 (s. 2H; CO,CH,Ph). 5.02 (s. 4H; 4-OCH,Ph 
and 6"-OCH,Ph): I3C NMR (125 MHz. CDCI,. 20°C): 6 =192.5. 191.2, 168.9. 
157.9. 138.8. 137.9, 135.7, 135.6. 133.2, 132.0, 130.3. 130.0. 128.7. 128.4. 128.3. 
128.2. 128.0. 127.8. 126.9. 123.6, 106.7, 70.6. 67.4; FAB HRMS calcd for 
C,,H,.O,Na (M + Na'): 579.1784, found: 579.1761. 

Carboxylic acid 67: Benzaldehyde 66 (1.33 g. 2.34 mmol) was converted to 67 
(1.34g. 100%) according to general procedure B and isolated as white crystals: 
M.p. 171-173°C; R, = 0.21 ( 5 %  MeOH in CH,CI,); IR (thin film): i,,, = 3000 
(broad, OH). 1725 (C=O). 1685 (C=O), 1578, 1424, 1260, 1118. 734, 696cm-I;  
'H NMR (500 MHz, CDCI,, 20'C): 6 =7.61 (d. J =7.5 Hz. 1H; 13"-H). 7.53 (dd. 
J=7.5,7.5Hz,lH;12"-).7.48(d,J=7.5Hz,lH;lO-H),7.40(dd,J=7.5,7.5Hz, 
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1H; ll"-H).7.38(s,2H;3"-Hand7"-H),7.29-7.24(m,5H;Ar).7.21-7.18(m,6H; 
Ar). 7.10- 7.08 (m, 4H; Ar), 5.20 (s, 2H; CO,CH,Ph). 5.01 (s. 4H; 4-OCH,Ph and 
6"-OCH,Ph); "C NMR(125 MHz. CDCI,. 20°C): 6 =192.7. 170.8. 169.0, 157.4, 
138.1, 135.8, 135.6. 133.2, 132.1, 131.9, 130.3, 130.0. 128.7, 128.4, 128.33. 128.27. 
128.0. 127.8, 127.0. 123.1, 107.4, 70.5, 67.5; FAB HRMS Cdkd for C,,H,,O, 
(M + H'): 573.1913. found: 573.1936. 

Alcohol 68: A solution of silyl ether 39 (10.00 g. 15.68 mmol) in T H F  (75 mL) was 
cooled to - 98 "C and treated with nBuLi (9.40 mL. 2 . 0 ~  in pentane). The resultant 
mixture was then warmed to - 78 "C and stirred for 15 min. A solution of 2-(benzyl- 
0xy)benzaldehyde (4.99 g. 23.51 mmol) in T H F  (45 mL) was added and the reaction 
mixture was warmed to 0°C over 1 h. The resultant mixture was then quenched with 
saturated aqueous NH,CI (100 mL) and the organic solvents were evaporated in 
vacuo. The aqueous residue was extracted with EtOAc (200 mL x 2) and the com- 
bined organic layers were washed with water (120 mL x 2) and then dried (Na,SO,). 
filtered and concentrated. Purification of the residue by flash chromatography (sil- 
ica gel, 10 -* 15% EtOAc in petroleum ether) afforded 68 (8.05 g. 67%) as a white 
foam: R, = 0.30 (15% EtOAc in petroleum ether); IR (thin film): 8,,, = 3555 
(OH), 1587,1428,1222.1112.738.699cm~'; 'HNMR(500MHz.CDCIJ,20"C): 
6 =7.67 (m. 4H; SirBuPh,(orfho)), 7.43 (tt, J =7.4, 2.3 Hz. 2H; SirBuPh,(pora)). 
7.38-7.34 (m, 5H; Ar). 7.24-7.15 (m, 15H. Ar), 6.86-6.83 (m. 3H; Ar). 6.78 (d. 
J =10.6 Hz. 1H; 8 - H ) .  6.60 (s, 2H; 3"-H and 7"-H). 5.04.4.93 (AB system, 
J =12.3 Hz, 2H; 10-OCH,Ph), 4.92.4.86 (AB system. J =11.8 Hz. 4H; 4"- 
OCH,Ph and 6"-OCH,Ph). 4.72 (s. 2H; ArCH,OTPS). 4.13 (d. J =10.6 Hz. 1H; 
OH), 1.09 (s, 9H; rBu); "C NMR (125 MHz. CDCI,, 20°C): 6 =157.1. 156.0. 
141.9. 137.3. 136.7, 135.6, 133.3, 132.4. 129.8. 128.4, 128.3. 127.9, 127.8, 127.7. 
127.4. 127.3. 127.1, 120.2. 117.8, 111.9. 103.1. 70.1. 69.8. 65.4.64.9, 26.8. 19.3; FAB 
HRMS calcd for C,,H,,O,SiCs (M + Cs'): 903.2482. found: 903.2520. 

Diol69: Alcohol 68 (7.88 g, 10.22 mmol) was converted to 69 (5.37 g. 99%) accord- 
ing to general procedure C and the diol was isolated as a white solid: M.p. 49.5- 
513°C; R, = 0.53 (Et,O); 1R (thin film): CmL = 3412 (broad. OH), 1586. 1455, 

J=7 .6 .  1.5Hz. 1H; 14-H) .  7.26-7.14 (m, 16H; Ar). 6.84 (d, J = 8 . 2 H z .  1H; 

(s. 2H; 3"-H and 7"-H). 5.03,4.92 [AB system, J = 12.3 Hz, 2H; lO-OCH,Ph). 
4.96.4.90 (AB system, J = 11.6 Hz. 4H; 4"-OCH,Ph and 6"-OCH,Ph). 4.62 (5. 2H; 
CH,OH). 4.12 (d. J=11.0 Hz. 1H; 8"-OH). 1.84 (5, 1H; CH,OH/; "C NMR 
(125 MHz. CDCI,, 20°C): 6 = 157.3. 156.0. 141.8. 137.3. 136.5. 132.1. 128.4. 128.3, 
128.0. 127.8, 127.4, 127.3. 127.1. 120.2. 118.6. 111.9. 104.0, 70.3. 69.7, 65.3. 64.9; 
FAB HRMS calcd for C,,H,,O,Cs ( M  + Cs'): 665.1304. found: 665.1335. 

Ketoaldehyde 70: Diol 69 (5.37 g. 10.08 mmol) was converted to 70 (2.81 g. 53%) 
according to general procedure A with 0.1 equiv of tetrapropylammonium per- 
ruthenate(vi1) and 3.0 equiv of Cmethylmorpholine N-oxide and isolated as white 
crystals by recrystallisation from EtOAc/n-hexane: M.p. 140.5-141 "C; R, = 0.40 
(30% EtOAc in petroleum ether); IR (thin film): 1,,, = 1697 (C=O), 1656 (C=O), 
1594. 1582. 1432. 1114. 735, 696cm- ' ;  ' H N M R  (500MHz. CDCI,. 20'C): 

7.4, 1.8 Hz, 1H; 12"-H), 7.26-7.20 (m. 7H; Ar). 7.13-7.07 (m. 7H; Ar). 6.97 (d. 
J = 8.3 Hz. IH; 1 I"-H). 6.83 (s, 2H; 3"-H and 7"-H), 6.80 (d. J = 8.2 Hz. 2H; Ar). 
4.95 (s. 4H; 4-OCH,Ph and 6"-OCH,Ph), 4.70 (s. 2H: 10-OCH,Ph); "C NMR 
(125 MHz, CDCI,. 20:C): 6 =192.3. 191.4, 158.9. 156.3. 137.2. 136.3. 135.3, 134.5. 
131.5, 128.4. 128.3, 128.1, 128.0. 127.8. 126.9, 120.9. 112.5. 106 7, 70.4. 70.2; FAB 
HRMS calcd for C,,H,,O,Na ( M  + N a + ) :  551.1834. found: 551.1859. 

Carboxylic acid 71: Ketoaldehyde 70 (2.35 g. 4.45 mmol) was converted to 71 
(2.34 g. 96%) according to general procedure B and isolated as white crystals: M.p. 
151 - 152 'C; R, = 0.20 (5% MeOH in CH,CI,); 1R (thin film) 6,,, = 3000 (broad. 
OH). 1689 (C=O), 1658 (C=O), 1594, 1423. 1115, 734. 6 9 6 ~ 1 1 - ' ;  ' H N M R  
(500 MHZ. CDCI,. 20°C): 6 =7.96 (dd. J=7 .8 ,  1.8 Hz. 1H; 14-H) .  7.52 (ddd. 
J = 8.3, 7.8. 1.8 H z  1H; 12-H).  7.27-7.12 (m. 1SH. Ar), 7.07 (t. J =7.8 Hz, 1H; 
Ar). 6.97 (d. J =  8.3 Hz. 1H; 11"-H). 6.85 (d, J = 7 . 3  Hz. 2H; Ar), 4.95 (s. 4H; 
4-OCH2Ph and 6"-OCH,Ph). 4.73 (s. 2H; 10-OCH,Ph); "C NMR (125 MHz, 
CDCI,. 20°C): 6 =192.5. 171.1. 158.8. 155.9. 136.4. 135.5. 134.3. 131.5, 130.1, 
128.4. 128.2. 128.1. 128.0, 127.9. 127.7. 127.0. 120.8, 112.6. 107.5. 70.5, 70.2; FAB 
HRMS calcd for C,,H,,O, (M  + H + ) :  545.1964. found: 545.1941. 

Amide 72: A solution of hexahydroazepine 13 (303 mg, 0.749 mmol) in CH,CI, 
(3 mL) was treated with trilluoroacetic acid (1 mL. excess) and stirred at 25 "C for 
2 h. After dilution with benzene (10 mL), the solution was concentrated and the 
crude product was employed in the next reaction without further purification. 
A solution of the crude product in CH,CI, ( 3  mL) at 0 "C was treated with triethyl- 
amine ( I  .04 mL. 7.49 mmol) and benzoyl chloride (0.17 mL. 1.50 mmol) and the 
reaction mixture was stirred for 1 h at 25 "C. After quenching with MeOH (1 mL). 
the reaction mixture was concentrated and the residue purified by PTLC (silica gel. 
80% EtOAc and 10% CH,CI, in petroleum ether) to afford 72 (144.6 mg, 52% for 
the 2 steps) as a white solid: M.p. 106-108 ' C ;  R, = 0.30 (70% EtOAc and 10% 
CH,CI, in petroleum ether); [a];' = - 48.9 (c = 0.67 in CHCI,); IR (thin film): 
Cm.. = 3338(broad.OHandNH).1677(C=O). 1639[C=O).1423cm-';'HNMR 

1435,1224,1112,737,696 C I I -  I ;  ' H  NMR (500 MHz, CDCI,. 20°C): 6 =7.30 (dd. 

11"-H).6.82 (dd, J=7.6.  7.6 Hz, 1H; 13"-H). 6.78(d. J =11.0 Hz. 1H; 8'-H), 6.61 

6 = 9.69 (s, 1H; CHO). 7.98 (dd. J ~ 7 . 8 .  1.8 Hz. 1H; 14-H) .  7.53 (ddd. J =  8.3. 

(500 MHz, CDCI,. 20°C): 6 = 8.87 (d. J = 5.2 Hz. IH; NH), 7.86 (d. J =7.4 Hz. 

ZH;3 ' -Hand7 ' -H) ,7 .53(~  J=7.4Hz. lH;S' -H) .7 .46(dd,  J=7.4.7.4Hz.2H; 
4'-H and 6'-H). 7.36-7.30 (m, 5H; CO,CH,C,H,). 5.40 (bs. I H ;  OH), 5.22.5.18 
(AB system, J =12.3 Hz, 2H; NCO,CH,Ph). 4.21-4.11 (m, 3H; 2-H. 3-H and 

H'), 2.80 (ddd. J = 13.9, 12.7,3.6 Hz, 1H; 7 H'), 1.98 - 1.63 (m. 4H; 5-H, and 6-H,); 

128.3. 127.8, 127.2. 79.6, 67.9, 60.8, 50.4, 50.2. 32.7. 27.3; FAB HRMS calcd for 
C,,H,,N,O, (M + H + ) :  369.1814, found: 369.1826. 

Fully proteeled IO"-deoxybahnol (77): Amide 14 (70.5 mg, 0.149 mmol) and car- 
boxylic acid 67 (100.8 mg. 0.149 mmol) were coupled according to general proce- 
dure E to afford fully protected 1O"deoxybalanol (77) (162.0 mg, 96%) as a pale 
yellow oil: R, = 0.45 (20% EtOAc in toluene); [a]:' = -72.9 ( c  = 0.86 in CHCI,); 
IR (thin film): i,. = 3368 [broad, NH), 1718 (C=O), 1708 (C=O). 1702 (C=O), 
1685 (C=O). 1676 (C=O). 1499, 1423, 1252. 1116, 734, 696~11- ' ;  ' H N M R  
(500MHz,CDCI,,20"C):6=7.80(d,J=7.6Hz,lH;13"-H),7.72(d,J=8.7Hz, 
2 H ; 3 ' - H a n d 7 ' - H ) . 7 . 5 8 ( d . J = 7 . 4 H z . l H ; 1 0 " - H ) . 7 . 5 0 ( t d . J = 7 . 6 . l . l H ~ . , l H ;  
12"-HI. 7.47-7.10 (m, 29H; Ar). 6.93 (d, J = 8.7 Hz, 2H; 4'-H and 6'-H), 5.25 (s, 
2H; OCH,Ph). 5.18 (s. 4H; 4"-OCH,Ph and 6"-OCH,Ph), 5.08 (s. 2H; OCH,Ph), 
5.05.5.01 (AB system, J =12.4 Hz. 2H; CO,CH,Ph). 4.73 (bdd, J =13.2, 7.3 Hz, 
IH;  2-H). 4.14-4.08 (m. 2H). 3.43 (dd. J =15.4. 5.8 Hz, 1H). 2.89 (m. 1H; 7-H), 
2.05-1.74(m, 4H; 5-H, and6-H,); "C NMR(l25  MHz. CDCI,. 20°C): 6 = 192.9. 
169.0. 166.0. 165.6, 161.3, 157.7, 157.3, 138.2. 136.3. 136.2, 136.1. 135.7. 133.1, 
131.7. 130.2. 129.9. 128.8. 128.6. 128.2, 127.88. 127.85, 127.6, 127.4, 127.0. 126.6. 
122.2. 114.6, 107.2. 78.4, 70.4. 70.0, 67.9. 67.4, 53.5, 50.8, 49.5, 29.1, 25.2 [the 
presence of rotamers precluded a comprehensive assignment of all proton and 
carbon resonances];FAB HRMS calcd forC,,H,,N,O,,Cs(M + Cs'): 1161.2938, 
found: 1161.2935. 

7-H).3.79(ddd,J~10.1,6.0.1.6H~.1H;4-H).3.36(dd.J=15.4,5.0H~.1H;2 

"C NMR (125 M H z  CDCI,, 20°C): 6 = 169.0. 157.7. 136.1. 133.0. 131.8, 128.6. 

lO"-Deoxybnlnaol(73): Fully protected lO"deoxybalanol(77) (55.0 mg, 53.4 pnol) 
was converted to lOdeoxybalanol(73) (26.2 mg, 92%) according to general proce- 
dure E and isolated as a pale yellow solid: M.p. decomp. 2 180°C; R, = 0.40 (Cln- 
reversed phase silica gel. 60% MeOH in water); [a];' = - 186.4 (e  = 0.25 in 
MeOH); IR (KBr): i,,,., = 3200 (broad, O H  and NH), 1717 (C=O). 1636, 1608, 
1542. 1507. 1383, 1236cm-'; ' H N M R  (500 MHz. CD,OD. 20°C): 6 =7.81 (d. 
J = 7 . 5  Hz.lH;13'-H).7.61(d.J= 8.5Hz,ZH;3'-Hand7'-H),7.44-7.39(m.2H; 
ll"-H and 12-H) ,  7.10 (d. J =7.5 Hz, 1H; 1 0 - H ) ,  6.92 (s. 2H; 3"-H and 7"-H). 6.76 
(d. J = 8.5 Hz. 2H; 4'-H and 6'-H), 5.37 (bm. IH; 4-H), 4.27 (bm. 1H; 3-H), 
3.41-3.16(m.4H;2-H,and7-H,).2.18-1.90(m.4H;5-H,and6-H,); "CNMR 
(125 MHz. CD,OD. 20°C): 6 = 203.7, 174.5. 170.3. 166.4. 162.5. 161.0. 145.0, 
136.3. 130.9. 130.5, 129.9, 129.8, 126.0. 125.6. 117.6, 116.1, 109.5, 76.9. 53.8. 30.2. 
21.8; FAB HRMS calcd for C,,H,,N,O, ( M  + H'): 535.1717, found: 535.1740. 

Fully protected 14"-dea~hoxybalnaol(78): A i d e  14 (46.5 mg, 98.0 pnol) and car- 
boxylic acid 71 (53.4 mg, 98.0 bmol) were coupled according to general procedure D 
to afford fully protected 14"-decarboxybalanol(78) (88.8 mg. 91 %) as a white solid: 
M.p. 76-81 "C; R, = 0.38 (40% EtOAc and 10% CH,CI, in petroleum ether); 
[a]:' = - 83.9 (c = 0.40 in CHCI,); IR (thin film): 6- = 3364(broad. NH). 1700 
(C=O). 1654 (C=O). 1595, 1498. 1422, 1233. 1114, 737. 697~11- ' ;  ' H N M R  
(500 MHz, CDCI,, 20°C): 6 =7.87 (dd. J =7.6. 1.8 Hz, 1H; 14"-H), 7.77 (d. 
J = 7.7 Hz. 1 H ;  Ar). 7.72 (d, J = 8.7 Hz. 2H; 3'-H and 7'-H), 7.48 (ddd, J = 7.8.7.8, 
1.8 Hz. IH; 12"-H). 7.44-7.02 (m. 27H; Ar). 6.92 (dd. J = 8.4, 2.9 Hz, 2H; Ar). 
6.82(d. J = 8.7 Hz, 2H; 4'-H and 6'-H). 5.26.5.24 (AB system, J = 13.0 Hz. 2H; 
NCO,CH,Ph). 5.07 (I, 2H; lO"-OCH,Ph). 4.98.4.95 (AB system, J =12.3 Hz. 4H; 
4-OCH2Ph and 6"-OCH,Ph), 4.90 (bs, 1H; 4-H), 4.71 (s, 2H; 5'-OCH,Ph), 4.15- 
4.09 (m, 3H; 2-H. 3-H and 7-H). 3.42 (dd. J = 15.1, 5.5 Hz. IH; 2 H'), 2.90 (ddd. 
J =14.9. 4.8, 4.5 Hz. 1H;  7-H), 2.05-1.76 (m, 4H; 5-H, and bH,);  I3C NMR 
(125 MHz. CDCI,.ZO"C): 6 = 192.8. 166.1, 165.7. 161.3, 158.6, 157.9. 155.9. 136.7. 
136.4, 136.3. 135.6, 134.1. 131.5, 131.3, 128.8. 128.7, 128.32. 128.26, 128.1. 127.9. 
127.8. 127.6. 127.5, 127.4. 126.9. 120.7. 114.6, 112.7. 107.2. 77.6. 70.3, 70.2. 70.0, 
67.9. 53.5, 50.6, 49.3, 28.6. 24.8 [the presence of rotamers precluded a comprehen- 
sive assignment of all proton and carbon resonances]; FAB HRMS calcd for 
C,,Hs6N,Ol,Cs (M + Cs'): 1133.2989. found: 1133.2935. 

14"-Decarboxybnlanol bydmehloride (74): Fully protected 14decarboxybalanol 
(78) (43.8 mg. 43.8 pmol) was converted to 14"-decarboxybalanol hydrochloride 
(74) (22.6mg. 95%) according to general procedure E (50% MeOH in 0 . 1 ~  HCI 
was used as the eluent for reversed phase PTLC): M.p. decomp. 2 180 "C; R, = 0.38 
(nBuOH/H,O/AcOH = 5/1/1); [a]:' = -79.5 ( c  = 0.67 in MeOH); IR (KBr): 
C,,,., = 3400 (broad. OH and NH). 1718 (C=O). 1702 (C=O). 1624. 1236cm-'; 
'H NMR (500 MHz. CDJOD, 20'C): 6 =7.64 (d, J =  8.7 Hz. 2H; 3'-H and 7'-H), 
7.49 (ddd. J =  8.3. 7.2, 1.6 Hz, 1H; 12"-H). 7.25 (dd. J = 8.0, 1.6 Hz. 1H; 14-H) .  
7.02 (s. ZH; 3"-H and 7"-H). 6.97 (dd. J = 8.3, 0.8 Hz, 1H; 11"-H). 6.82 (ddd. 
J = 8.0, 7.2, 0.8 Hz, 1H; 13"-H). 6.80 (d. J = 8.7 Hz, 2H; 4'-H and 6'-H), 5.42 (m, 
1H: 4-H). 4.58 (m. 1H: 3-H). 3.69 (dd. J = 5.0.4.4 Hz, 1H; 7-H), 3.57 (dd. J = 5.0. 
4.4 Hz. 1H; 7 H'). 3.48 (d. J = 5.7 Hz. IH;  2-H), 2-H' is obscured by solvent signal. 
2.30 (m, 1H; 5-H). 2.14 (m, 1H; 5 H'). 2.11-2.04 (m, 2H; 6-HJ; "C NMR 

133.6. 130.6, 125.5, 121.9. 120.2. 120.0. 118.6, 116.2. 108.9, 76.7. 73.5. 62.2. 53.2. 
30.3. 21.3; FAB HRMS calcd for C,,H,,N,O, (M + Hi) :  507.1767. found: 
507.1 751. 

(125 MHz. CD,OD. 20°C): 6 = 202.9, 166.7. 163.6. 162.6. 156.8. 137.8. 134.3. 
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Fully protected 4",6"-dideoxybalaaol (79): Amide 14 (67.8 mg. 0.143 mmol) and 
carboxylic acid 62 (66.7 mg. 0.143 mmol) were coupled according to general proce- 
dure D to afford fully protected 4.6"-dideoxybalanol (79) ( I  18.6 mg. 91 O h )  as a 
pale yellow oil: R, = 0.44 (10% CH,CI, and 40% EtOAc in pelroleum ether); 
[XI: '  = - 83.9 ( c  = 0.60 in CHCI,); IR (thin film): C-, = 3362 (broad, NH). 1715 
(C=O), 1682 (C=O). 1276. 736. 697cm-I;  ' H N M R  ( 5 0 0  MHz. CDCI,, 20°C): 
6 =8 .02(d .J=  8.3Hz.2H;3"-Hand7"-H).7.77-7.68(m.SH;Ar).7.47-7.14(m, 
20H; Ar). 7.01 (bs. 2H; Ar). 6.94 (d, J = 8.7 Hz. 2H; 4 - H  and 6-H),  5.26.5.22 (AB 
system, J = 12.6 Hz. 2H; NCO,CH,Ph). 5.10 (5, 2H; OCH,Ph). 5.06 (s, ZH: 

(m,2H;2-Hand3-H).3.87(m.1H;7-H),3.49(dd,J=15.3,5.0Hz,1H;2-H'),3.00 
(ddd. J=14.8. 9.4, 5.2 Hz. 1H; 7-H'), 2.10-1.83 (m, 4H; 5-H, and 6-H,); "C 
NMR(125MHz,CDCI,.20'C):6 =195.1. 166.2. 165.3. 165.1. 161.2.157.9. 155.7. 
1407. 136.4. 136.3. 135.8. 134.8. 133.5. 131.3. 130.2. 129.8. 129.6. 128.9, 128.7. 
128.6. 128.42, 128.39. 128.29. 128.25. 128.1. 127.9. 127.4. 126.7. 122.9. 117.3. 114.6, 
70.5.70.0.67.9.67.4. 53.7. 50.4,49.0. 28.3, 24.3 [the presence of rotamers precluded 
a comprehensive assignment of all proton and carbon resonances]; FAB HRMS 
calcd for C,,H,,N,O,,Cs (M  + Cs'): 1055.2520. found: 1055.2552. 

4".6"-Dideoxybdawl (75): Fully protected 4".6"-dideoxybalanoI (79) (1 1.9 mg. 
13.1 pmol) was converted to 4,6"-dideoxybaIanol(75) (6.1 mg. 90%) according to 
general procedure E and isolated as a white solid: M.p. decomp. 2 180 "C; R, = 0.50 
(C,,-reversed phase silica gel. 40% MeCN in H,O); [u]:' = -72.4 ( c  = 0.12 in 
MeOH); IR (KBr): i,. = 3400 (broad, OH and NH) ,  1718 (C=O). 1636. 1508. 
1387.1278 cm- ' ;  'H NMR (500 MHz. CD,OD/[D,]DMSO (6/l) ,  20°C): 6 =7.98 
(d. J =7.8 Hz. 2H; 3"-H and 7"-H), 7.78 (d. J =7.8 Hz, 2H; 4 - H  and 6"-H). 7.60 
(d. J = 8.2 Hz, 2H; 3'-H and 7'-H), 7.47 (d. J = 7 . 2  Hz. IH; 13"-H), 7.31 (dd, 

2H; 4 - H  and 6-H). 5.31 (bm. 1H; 4-H), 4.44 (bm. 1H; 3-H). either 2-H or 7-H is 
obscured by solvent signals. 3.10 (bs. IH). 3.00 (bs. 1H). 2.60 (bs. 1H). 2.26-1.83 
(m. 4H; 5-H, and 6-H,); "C NMR (125 MHz, CD,OD/[D,]DMSO (611). 20°C): 
6 =169.3. 166.5, 162.1. 155.5. 143.7. 133.8, 130.7, 130.55, 130.52. 129.7. 126.0, 
121.8. 1 18.6. 116.2.77.6. 54.1. C, and C ,  are obscured by CD,OD peaks. 30.2.22.7; 
FAB HRMS calcd for C,,H,,N,08 (M  + H * ) :  519.1767. found: 519.1745. 

Fully protected S'deoxybalanol (80): Amide 72 (65.4 mg. 0.178 mmol) and car- 
boxylic acid 48 (120.5 mg. 0.178 mmol) were coupled according to general proce- 
dure D to afford fully protected 5'-deoxybalanol (80) (157.2 mg, 86%) as a white 
solid:M.p.76.5-78'C,R, =0.38(5%MeOHinCHZCI,);[a]:' = - 51.3(c= 0.97 
in CHCI,); IR (thin film): Cma, = 3000 (broad. NH). 1720 (C=O). 1711 (C=O). 
1691 (C=O). 1677 (C=O). 1664 (C=O). 1423, 1279. 1232. 1116, 736, 696cm-';  

J =7.6 Hz. 2H; 3'-H and 7'-H). 7.47-7.03 (m, 29H; Ar). 6.91 (d. J = 8.1 Hz, IH;  
ll"-H). 6.82 (d. J =7.4 Hz, 2H; Ar). 5.26 (s. 2H; I4-CO,CH2Ph). 5.10 (s. 2H; 
OCH,Ph). 5.03 (ddd. J = 8.1. 8.1, 1.2 Hz, IH;  4-H). 4.86.4.82 (AB system. 
J = 11.9 Hz. 4H. V-OCH,Ph and 6"-OCH,Ph). 4.68 (s.2H: OCH,Ph). 4.15-4.10 
(m. 3H; 2-H, 3-H and 7-H). 3.44 (dd, J=15.5,  5.4 Hz, IH;  2-H).  2.91 (ddd. 
J =14.3. 9.6. 4.8 Hz. IH;  7-H'). 2.07-1.80 (m. 4H; 5-H, and 6-H,); NMR 
(125 MHz. CDCI,. 20°C): 6 = 191.6, 167.3. 166.5. 165.6. 158.0, 157.8. 156.2, 136.3, 
136.2. 135.74, 135.68, 134.0. 132.6, 132.3, 131.5. 130.4, 128.64. 128.56, 128.32. 
128.25. 128.2. 127.89. 127.85. 127.7. 127.5. 127.3. 127.2. 127.0.77.9, 70.4.67.9.67.0. 
60.4. 53.6. 50.7. 49.4. 28.9, 25.0 [the presence of rotamers precluded a comprehen- 
sive assignment of all proton and carbon resonances]; FAB HRMS calcd for 
C,,H,,N,O,,Cs ( M  + Cs'): 1161.2938. found: 1161.2990. 

S'-Deoxybalawl (76): Fully protected S'-deoxybdhol (80) (95.3 mg, 92.6 pmol) 
was converled to 5'-deoxybalano\ (76) (48.0 mg, 97%) according to general proce- 
dure E and isolated as a yellow solid: M.p. decomp. 2 180'C: R, = 0.40 (nBuOH/ 
H,O/AcOH = S/I/l); [u];' = - 55.5 (c = 0.80 in MeOH); IR (KBr): i,, = 3300 
(broad. O H  and NH), 1718 (C=O). 1636. 1603, 1384. 1236cm-'; ' H N M R  
(500 MHz. CD,OD. 20°C): 6 =7.73 (d, J =7.4 Hz, 2H; 3'-H and 7'-H). 7.49 (tt. 

7.4 Hz.ZHi4-H and 6-H),7.23 ( d d , J  =7.9.7.9 Hz. 1H; 12'-H).6.95(dd.J =7.9. 
0.8Hz.lH;ll"-H),6.89(s.2H;3"-Hand7"-H).5.41(ddd.J= 8.4.8.4.3.6Hz.lH; 
4-H). 4.51 (ddd. J = 8.8, 5.0, 3.6 Hz. IH; 3-H). 3.49-3.46 (m, 2H; 2-H and 7-H), 
3.27-3.20 (m. 2H; 2-H'and 7-H'). 2.27-1.95 (m. 4H; 5-H, and 6-H2); "C NMR 
(125 MHz, CD,OD. 20 'C): 6 =175.5. 171.5, 170.5. 166.3, 162.6, 154.6, 136.7, 
134.9. 133.6. 133.2. 133.1. 130.1. 129.7. 128.5. 121.6, 120.0, 116.3. 109.2. 76.7. 53.4. 
48.2. 47.9, 30.2. 21.4; FAB HRMS calcd for C28H,,N,0, (M + Hi):  535.1717. 
found: 535.1691. 

OCH,Ph),5.01 (S,2H;OCHzPh),4.65(Wd. J = 6 . 0 , 6 . 0 H ~ .  lH;4-H).4.16-4.08 

J=7.2 .7 .2Hz.  1H: 12"-H) .696(d ,J=7,2Hz.  1H; ll"-H),6.76(d. J = 8 . 2 H z .  

' H N M R  (500 MHz. CDCI,. 20 'C): 6 =7.92 (d. J =7.7 Hz, 1H; 13"-H). 7.77 (d. 

J=7 .4 . l .2Hz. lH;S ' -H) .7 .42(dd ,J=7.9 ,0 .8H~.  lH;13"-H) .7 .40(dd,J=7.4 ,  
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