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Abstract Syntheses of the nng B fragments (+)-pederol &benzoate (2) and (+)-benzoylpedamlde (3) of the Insect toxin pederm (1) 
are described An mtmmolecular duected aldol condensatron was used to conshuct the tetmhydropyran nng m (+)-pederol hbenzoate 
(2) Better stereocontrol m the synthesis of (&)-benzoylpedanude (3) was achieved m which the stereochermstry at C-11 was 
mtroduced by a conjugate adchhon of TMSCN to the dihydropyranone (31) The synthesis of (+)-pedenn from (k)-(3) and the Mg A 
fragment (+benzoylselenopedenc acid (38) 1s described 

In Part 1 of this senes on the synthesis of the potent insect toxm pedenn (1)3, we decnbed syntheses of the nng A fragments 

ethyl pederate and benzoylselenopedenc acid In this paper, we now descnbe the completion of the synthesis of (1) and give detads 

of syntheses of the nng B fragments pederol cbbenzoate (2)4 and (k)-benzoylpedanude (3)’ 

Synthem of (+)-Pederol Dlbenzoate (2) 

Our first approach to the rmg B fragment of pedenn was conceived along the lines shown in Scheme 1 m which an 

mtramolecular duected aldol reactlon, m the vanant developed by Mukayama and co-workers6, was to play a crucial strategic role 

Success depended on the regioselective cleavage of the choxolane (4~) glvmg a bndged (E)-oxonmm ion mtermedlate (5) which 

would then suffer nucleophdc attack by a pendant enol sdane from the Si face to generate the tetrahydropyranone (6) havmg the 

C-11 subsntuent (pedenn numbenng) m an axial posmon At the ume these studies were launched (1981). there were very few 

examples of the intramolecular aldol condensation known? and thus no precedent for prechctmg the stereochermcal course of the 

salient annulahon reaction 

TiCI4 
---- _._ 

r Cl 1 

The dloxolane (4) was constructed from two choral fragments dlol(9) and aldehyde (12) These were syntheslsed efficiently on a 

substantial scale from the known (S)-butane-1,2,4-tnol denvahve (7)’ as shown m Scheme 2 usmg standard functional group 

mampulations The only step m this sequence which caused concern was the Swem oxldauon of the alcohol (11) to the aldehyde 
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(12) If vlethylamme was used as prescribed m the usual rec&, the product aldehyde (12) underwent easy j3-ehmmation of MeOH 

In order to cucumvent this problem, the weaker base N-methylmorphohne was used m the decomposmon of the mtermediate 

sulphoxoruum salt 

(‘-f’o b _ WOH c ) WOMe e ) WOMa 

-+ 

OR 0 OBn OH OR OMe 0 OMe 

V)R=H a 
(8) R = Bn J 

(9) (10) R = Bn 

(ll)R=H 3 (12) 
d 

SCHEME 2 YIELDS AND REAGENTS 

(a) 66% PhCH,Br NaH, Nal / THF. rt, 1 h, (d) 96% HP, P&C I EtOH, 
(b) 100% aq HCI, THF, reflux, 3 h. (e) 96% Swem oxidation 
(C) 93% Mel, NaH / THF, rt, 12 h, 

Condensahon of aldehyde (12) with chol(9) (Scheme 3) gave an eqmhbnum mixture of the cbastereomenc 1.3~droxolanes (13) 

m only 66% yield That the as-Isomer was the major product (ca 75% of the mixture) was expected from Ehel’s work” and verified 

by “C NMR spectroscopy” The crs-isomer gave a sIgnal at 6 102 1 for the acetal carbon whereas the correspondmg signal m the 

trans-isomer appeared at 6 1014 Once again the easy ehmmation of methanol from aldehyde (12) dlctated the con&ions used to 

form the dloxolane Best results were obtamed by ticaung a nuxture of (12) and dial (9) m CH$l, with TsOH at room temperature 

in the presence of anhydrous MgSO, as the dehydrahon agent Since the dmstereomenc dioxolanes (13) were mseparable, the 

mixture was carned through the next four steps as outlined m Scheme 3 The base-sensltlve enones (17~) and (17t) were then 

separated by tedious column chromatography and mdividually converted to the corresponding enol sdanes (4~) and (4t) respecuely 

usmg Rh(I)-catalysed hydrosdylation” Tbs method was very mdd and efficient (90% yield) and provided the desired enol silanes 

regiospecifically without competing P-ehmmation 

With lsomencally pure (4c) and (4t) m hand, we next mvesngated the key mtramolecular directed aldol reaction m considerable 

detail The requisite 6-endoeendon annulation13 was best achieved using 2 eqmvalents of TEl, m CH,Cl, at -78“C Two equivalents 

of Lewis acid were necessary because the methoxy groups m the side cham formed a very stable complex with the Tf1,‘4 wluch 

prevented the desired reachon from taking place The dlasteremsomenc dioxolanes behaved differently m the cychsahon reaction The 

maJor cts-choxolane (4~) gave the tetrahydcopyranone (6~) as the sole ldenhhable annulatlon product m 33% yield whereas the 

minor frans-rhoxolane (4t) gave a nnxture of the tetrahydropyranones (6c)(lO%) and (6t)(8%) In both cases several very minor 

products and polar matenal accounted for the balance of the mass The stereochemistry of the hydroxymethyl substltuent in (6~) and 

(6t) was readdy determined by ‘H NMR analysis (90 MHZ) of the correspondmg benzoates (WC) and (180 The resonances for the 

C-12 axial proton (6 2 71, dd, Jgem 13 Hz, J,,, 12 Hz) and the C-12 equatonal proton (S 2 38, dd, Jgom 13 Hz, J,,, 3Hz) indicated a 

rrans-&axial coupling between C-12 and C-11 protons compatible with structure (18~) in which both the side chains occupy an 

equatorial position The correspondmg signals m (1st) appeared as a broad multiplet centred at 6 2 67 

To complete the synthesis of (+)-pederol chbenzoate (2). the keto group m (1st) was reduced and the resultant alcohol 

benzoylated in the usual way to give a 68% yield of a 1 1 nuxture of (19t) and (2) wluch required HPLC to effect separation The 

poor stereoselecttvity m the reduction of (1st) probably reflects the stenc hmdrance to axial attack by hydnde caused by the axial 

benzoyloxymethyl group Since the lsomenc tetrahydropyranone (UC) was reduced and benzoylated to give (19~) in wtnch the 

expected axial dehvery of hydnde had occurred exclusively 

Scheme 4 attempts to rahonahse the stereochenucal course of the reacnon If we assume that the crs-dioxolane (4~) occupies a 

conformahon (20) which undergoes cleavage of the cboxolane nng to form an (E)-oxomum Ion, then cychsauon vm the char-shaped 

mtermedlate (21) would generate the major tetrahydropyranone (6~) Assummg the trans-dioxolane (4t) exists as an eqmhbrmm 

mixture of the conformers (22a) and (22b) which undergoes cleavage of the dioxolane nng to Q-oxomum ions, CyChsaUon !~!a 

chair-shaped mtermethates (23a) and (23b) would account for the formahon of the two observed tctrahydropyranones (18~) and 

UfJt) 
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(9) + (12) 

‘b o~-;?&-i;@$?~ He’- 
0 BC et-5 4 0 

(18% horn (41) 
OSIMe,Ph 

(Sc)R=H (61) R = H (&) R = ,w.+, (17~) R= IDIIIUH 
h 58% (41) R= ++ (171) R= -rH 

(16~) R = Bz (let) R = Bz 3 

Ih 5C% 

OBz 

GOMe 0gp+ ObXOMQ 

OBZ 6BZ 

(194 (191) c-4 

SCHEME 3 REAGENTS 

(a) TsOH t&SO, / CH& rt 48 h (d) CH,iC(Me)Mg&,THF 0°C 10 mm 
(b) Na I NH,(I) Et@ 7S°C (e) PCCICl&CI, rt 35h 
(c) PCC/CH&I, rt 25h (I) Pht&&H [Ph3P]$thCI SYC 1 h 

(e) TEI,,CH,CI, 78% 1 h 
(h) BzCl OMAP (cat) / pyndme R 
(I) NaBH,/EtOH rt.2 h 

SCHEME 4 
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In an attempt to gam some mslght mto the causes of the Inefficiency of the key annulatlon reaction and its unfortunate 

stereochenucal course, the model d~oxolanes (24c) and (24t) were prepared and their cycbsanon studled usmg a variety of Lewis acid 

catalysU and condmons” Under the condmons used to effect cychsauon m the pedenn senes, the model crs-&oxolane (24~) gave 

the tetrahydropyranone (25’~) exclusively m 65% yield whereas the trans-dloxolane (24t) gave a 1 1 nuxture of the 

tetrahydropyranones (25~) and (25t) m 72% yield Thus, the stereochenucal course of the cychsauon of the model compounds 

(24~) and (24t) paralleled that observed in the pedenn senes but the efficiency of the process was greatly unproved This difference 

in efficiency may reflect problems associated with the chelation of the side cham methoxyl groups to liC1, Our fadure to produce 

significant quantltles of tetrahydropyranone (6t) m&cated that the centml prenuse of our approach to dlasterec-controlled 

annulahon-ccordmahon of the enol sdane and hoxolane oxygens to an octahedral Ti(IV) complex-was wrong Consequently an 

alternative synthesis of the B-rmg fragment (Q-benzoylpedanude (3) was devised 

(+)-Benzoylpedamide (3) 

The overall strategy of our synthesis of (3) is outhned m Scheme 5 It has one feature m common with the synthesis of pederol 

dibenzoate (2) the stereogemc centre on the rmg at C-15 was mtroduccd by nucleophlhc ad&bon of an enol s&me to an activated 

3,4-&methoxybutanal umt Then, in subsequent steps, the dlhydropyranone rmg (31) was forged and the axml carboxamide umt 

introduced by a stereoselective conjugate ad&on reaction However, once agam the relative stereochenustry between C-17 and C-15 

was to prove problematz 

6BZ 
0 

(3) (31) (26) (12) 

SCHEME 5 

Condensatton of the enol sdane (26) with (?)-3.4~dlmethoxybutanal (12)15 (Scheme 6) provided the dehcate aldol product (27) 

as an Inseparable mixture of dastereolsomers m high yield but with varymg &astereoselec&v~ty dependmg on the Lewis acid catalyst 

and the precise reaction condmons (vrde Myra) The mixture was efficiently cychsed to the P-ketolactones (29a) and (29b) vm 

mtramolecular acylatlon of the enolate denved from treatment of the chloroformate (28) with LDA This reaction gave several 

byproducts but these were readdy removed by extraction of the P-ketolactones (29a) and (29b) into aqueous NaHCO, followed by 

acidifuzatlon Upon coolmg an ethereal soluuon of the mixture, the unwanted dlasteremsomer (29a) crystalhsed out and 

concentrauon of the mother hquor gave the desired Isomer (29b) as an ml of C(I 90% chastereomenc punty Isomer (29b) was then 

transformed mto the chhydropyranone (31) usmg standard transformations and the lsomenc lmpunues finally removed by 

chromatography 

Introduction of the axial carboxanude function at C-l 1 was launched by a highly efficient and chastereoselecuve conJugate 

ad&non of TMSCN to the &hydropyranone (31) to give the P-cyanoketone (32) m 95% yield after hydrolysis of the mtermediate 

enol sila& Analysis of the crude product by NMR at 360 MHZ gave no evidence of contammauon by the correspondmg equatonal 

nitnle The one remammg stereogemc centre at C-13 was then introduced by reducoon of the P-cyanoketone (32) The 

stereoselectivity of this reacnon depended on the condmons and the reducing agent Both NaBH, and LiBH, were essentially 

non-selective even at low temperatures Reducoon with BH,NH, complex’7m THF at low temperature gave a 3 1 nnxture of 
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dlastereotsomenc alcohols m which the desired equatonal Isomer (33) was the major product However, best results were obtamed 

when P-cyanoketone (32) was reduced with NaBH, at -78°C m MeOH III the presence of CeCl, Under these condmons, the ratio of 

products was dramaucally unproved to 13 1 m favour of the desired Isomer (33) and the yield v,as essentially quantltatlve To 

complete the synthesis, the alcohol function was benzoylated and the cyan0 function converted to the carboxamlde glvmg 

(*)-benzoylpedanude m 9 steps from aldehyde (12) m an overall yield of ca 16% 

OMe 

(12) 
r (27) R = H 

oYJxoMe 
0 

VW 

0 Me0 0 
(30) (2Qb) 

f 

I (21a) (21b) = 55 45 

NC 

OMe _ 

0 OR bBZ 

(32) 
(33) R = H 

II 

(3) 
h 

(34) R = Bz 

SCHEME 6 YIELDS AND REAGENTS 

(a) 91% MeZC=C(hk@SIMe,Ph TICI,/ CH,CI, -70°C 1 h (e) 7m DIBAL I toluene -70°C, 3 h 

@) 93% COCI, / pyndme OOC 1 h (1) 95% fvle$~CN BF,OEg/CH& 0°C 15h, 

(C) W/o LDAi THF -70°C 1 h (g) W/c NaBH, CeCk, 7H,O/ MeOH, -78°C 0 5 h, 

(d) 99”/ Me,S04 K&O,/ acetone reRux 2 h 
(h) 100% BzClIpyrldme rt 2 h 

(I) 74% H202 K&OS / EtOH 70 mm r t 

Stereochemistry of the Dlrected Aldol Reactlon At the time the synthesis of benzoylpedamlde was undertaken, we 

were not aware of any systemauc study of the stereochemlstry of the Lewis acid catalysed addmon of C-nucleophlles to P-alkoxy 

aldehydes to gmde us in predlctmg the stereochemlstty of the mmal aldol condensation between aldehyde (12) and enol sllane (26) 

That the reactlon was essentially non-selective remams the prime blemish m an otherwise efficient and highly stereoselecnvc 

synthesis of (?)-benzoylpedamlde In fact, the formatlon of (27) as a roughly 1 1 mixture of dmstercolsomers was a blessmg m 

dlsgulse since the more recent work from the R&z’* and Heathcock19 laboratories would suggest that the desued dmstereolsomcr 

should have been formed in only very minor amounts We would now like to consider first the expected stereochemical course of an 

analogous aldol condensation between an enol qllane and a P-alkoxy aldehyde, and then offer an explanation for the results we 

observed m the synthesis of aldol(27) 

Scheme 7 shows the lmpresslve dmstereoselectlvity obtamed from the Tit&-catalysed addition of the enol silane derived from 

acetophenone to the P-benzyloxyaldehyde (35) ‘& The marked bias m favour of the 1.3~arm” addlhon product (37a) was interpreted 

m terms of a chelauoncontrolled addition to an intermediate (36) m which the enol sdane approached from the less hmdered side of 

the rmg opposite the pseudo-axial methyl group ” A substantml body of evidence now supports this viewn The tiastercoselectivlly 

m this case IS typical of a wide range of similar additions mvolvmg other C-nucleophdes 
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(36)“--Ph - Tic14 

,,Y 
O.%MeB (3’5) 

+ 

92 6 

Ph 

(37b)(1,3-syn) 

SCHEME 7 

For the synthesis of benzoylpedamrde, we reqmred that the aldol condensation occur m a sense opposite to that outlined in 

Scheme 7. I e , we reqmred that nucleoptuhc addltlon of enol sdane (26) to aldehyde (12) provide the 1,3-syn addmon product 

(27b) (see Table 1) This was achteved by a careful study of the various reaction parameters A slight bias m favour of the desired 

1,3-syn adduct (27b) was best achieved by addmg the aldehyde to 2 eqmvalents of TEI, at low temperature followed by subsequent 

addition of the enol sdane We propose that the chelation-controlled model outlined m Scheme 7 IS disrupted by initial coordination 

of the first molecule of TiCI., to the more basic methoxy oxygen atoms whilst the second molecule of TICI, IS required to activate 

the aldehyde towards addition Accorchng to tins model, the absence of annular chelauon leads to dmstereofacmIly mdlscnmmate 

addmon There are several observauons that support this postulate 

(1) 1,2-Dimethoxyethane forms a stable yellow tndentate complex, m p 161’C, with TK1,‘4 

Aldehyde (12) similarly forms a yellow preclpltate on addition of the first eqmvalent of TICI, 

(2) The reaction of (12) and (26) IS fast when 2 eqmvalents of %Ch are used, but slow with JUSt 

1 equivalent (entnes 1 and 2) 

(3) The reaction IS fast and gives the same product rakes independent of whether TICI, or BF, 

etberate IS the secord molecule of Lewis acid (entries 1 and 3) 

(4) With the mono-coordinate Lewis acid BF,, aldehyde (12) underwent 1,3-anrr addition with 

smular chastercoselectivmes (entry 7) to those of other simple p-alkoxy aldehydes 

These results suggest that care must be exercised m prechctmg the stereochemistry of chelation-controlled addmon to P-alkoxy 

aldehydes when other potential coordmauon sites are proximate 

Table 1 Effect of ReactIon CondHmns on Aldol Dmtereoselectwlty 

TOM; TOMe 

0 0 
(27a) (1,3 An@ (27b) (193~Syn) 

m Lews Amd (~1 Method Reactmn Tune (h) Z7a . 27h 

1 TSX, (2) A 1 54 46 
2 ‘Ml, (1) A >8 56 44 
3 ‘IX4 (l)/BF30Et2 (1) B 1 55 45 
4 Tf14 (2) C 1 36 64 
5 TIC& (1 1) D 1 26 14 

6 TI(I-P~O)~Q (2) E 1 25 77 

7 BF,0Et2 (2) E 1 20 80 

Method A The aldehyde was added to the Lewts actd a, -70°C g,vlng a th,ck Precqxtate After 

15 mm, Ihe en01 sdane was added 
Method B TICI, was added to the aldehyde at 70°C g,vlng a yellow Frec,p,tate After 10 mm 
BF,OEt, was added followed after 5 mm by en01 sdane 
Method C T,Cl, was added dropwe to a m,xture of aldehyde and en01 sdane at 70°C 
Method D TEl., was added to enol sdane a, 0°C Afxr 5 nun the temperature was reduced to 
7O’C and the aldehyde added 

Method E AIdehyde was added to the Lews aad at 70°C After 10 mm, Ihe en01 sdane was added 

The aldol Products (27n) and (27b) were characterwed as then benwate derwatwer and the LSO~~T 
rat,., detemtned by HPLC analysts and venhed by NMR m,egratmn 
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Synthesis of (k)-Pederm Fmale 

In order to construct the the N-(l-methoxyalkyl)anude bndge hnkmg (k)-benzoylpedamlde (3) with Wbenzoylselenopedenc acid 

(38) (Scheme 8), we adopted the protocol developed m Matsumoto’s laboratory” as later m&fied by Nakata, Olshl, and 

co-worker? Accordmgly, the acid function m (38) was activated by conversIon to the acid chlonde (39)= and the amide function 

in (3) was converted to the lmuiate ester (40) These were condensed m the presence of base and thlonyl chloride to give the 

dlastereolsomenc N-acyl lmldates (41a) and (41b) which were then Immediately reduced to a mixture of the four N- 

(I-methoxyalkyl)amldes(42a)-(42d) m equmolar rauo After HPLC separauon isomers (42a) and (42b) were Identified as 

belonging to the pederm and lo-epl-pederm senes (dmstereomenc at the aza-acetal centre) by comparison of their high field NMR 

sp~troscopic data with related compound? Dlastereolsomers (42~) and (42d) were derived from reduction of the N-acyl umdatc 

(41b) which was an mfact of the couplmg of the racemlc rmg A and nng B fragments Two final efficient steps-selenoxlde 

ehmmafion and ester hydrolysis-transformed (42a) mto (+)-pedenn which was Identical by high field ‘H NMR, IR, TLC, and MS 

with an authentic sample of natural (+)-pedenn 

OMe 0 
i 

p+ 

OH 

OBZ 
: 
‘SePh (38) 

I a 

i 
SePh 

SCHEME 8 REAGENTS 

(a) % pyrduw / CH,Cl,,WC, 10 mm 

(b) tvk$.XF~IC~20”C,lh 
(C) EbN / CH&b 20% 2 h, 

(d) N&-l., , CH& -&OH, O=C, 40 mm, 
(e) NalO, I b&OH - H,O, 20°C 30 mm 

retlux I” C,H, - EbN (1 l), 2 mm 
(f) LlOH I MeOH - H,O. 50% 5h 

c T 

&z (3) 

Me0 

HN 

;Bz 

(40) 

OMe 0 Me0 

~N”yJyp + 
OMe 0 Me0 

: 
‘SePh i)BZ 

zxp?QXOMe 

SePh 6Bz 
(41 a) 

I 
Wb) 

OMe 0 Me0 

yJy;q&--. d 
I 
‘SePh ~Bz 

! ;q&p&yy$oMe 

40-60% overall from (3) 
SePh &Bz 

(42a) R = ..-. H 

1 

(42~) R = . . . . . . H 

(42b) R = - H (42d) R = - H 
e 85% 

(k)-PEDERIN tJH 
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In ConClUSlOn, a few comments about the closing stages of the pederm synthesis are warranted The brevity of descnphon belles 

the difficulty of execution A great deal of effort was dlsslpated before the synthesis was successfully concluded because 

benzoylpedenc acid and its activated denvahves such as (39) were unstable with decomposmon occurrmg wlthm mmutes of 

preparation Unfortunately, the coupling reaction with lmidate (40) was very slow Hence, the reactions were messy and the 

products hfficult to separate Attempts to vary the method of carboxyl actlvatlon and mcrease the rate of couphng merely mulbphed 

the comphcatlons and real Improvements proved elusive Taken together, these obstmate expenmental facts created obstacles which 

could not be surmounted Obvrously the separation problems would have been simplified If homochual rmg A and rmg B 

fragments, which could be readdy prepared by mvml mtificahons to our routes, had been used m the couplmg step But the 

improvements were deemed to be too mslgmflcant to warrant further conslderahon Instead, we turned to an Investigation of 

alternative couplmg procedures which are currently m progress 

Acknowledgments We thank the Science and Engineering Research Councd for CASE studentships (T M W and K I ) and 
post-doctoral support (K J ) We thank Professor D Ghmnghelh (University of Milan) for an authentic sample of natural 
(+)-pederm and Professor T Nakata (RIKEN) for provldmg valuable experimental detads and spectroscopic data This IS a 
contnbutlon from the Southampton Umverslty Insutute of Blomolecular Science 

EXPERIMENTAL 

General. ‘H and 13C NMR spectra were recorded m CDCl, Chemical shifts are reported m ppm relative to Me& as an internal 
standard Coupling constants J are given m Hertz Unless otherwise stated, all dlstdlations were performed usmg a kugelrohr appara- 

tus MgSO, was used to dry all extracts Chromatography refers to column chromatography on s&al gel 60 (230-400 mesh) High 
resolution mass spectra were obtamed for compounds ascertamed to be. at least 95% pure by tic, and high field ‘H and 13C NMR 
analysis 

(S)-4-(2-Benzyloxyethyl)-2,2-d~methyl-l,3-d~oxolane (8) - Alcohol (7)(36 24 g, 0 248 mol) m THF (100 ml) was add- 

ed dropwise to a mechanically stmed suspension of NaH (10 9 g of a 60% dlspcrslon m mineral 011 freed of 011 by suspension sever- 
al tmes in petroleum ether, 0 262 mol) m THF (100 ml) After 10 mm benzyl bromide (38 0 ml, 0 320 mol) and KI (50 mg) m 

THF (100 ml) was added slowly The suspension was smred at 20°C for 1 h and then poured onto water Extraction with petrol (4 x 
500 ml) followed by drymg, concentration, and short path &sullation gave (8) (516 g, 88%) as a colourless 011 b p 106-108’C/ 
0 2 mm Hg, [al, (2O’C) -16’ (c 1 156 in CHCI,), ‘H NMR (90 MHz) 6 7 3 (5H, s), 4 45 (2H, s), 4 11 (IH, m). 4 01 (lH, dd, J 

8,8), 3 55 (3H, apparent t, J 8). 185 (2H, m). 136 and 131 (3H each, s), “C NMR (22 5 MHz) 6 138 4, 128 3, 127 4, 108 3, 
73 8.72 9.69 6.67 0.33 9,26 9,25 7, (Found M’ 236 14143 Calc for C,,H,O, M, 236 14135) 
(S)-4-Benzyloxybutan-1,2-dlol (9) - To dloxolane (8) (88 7 g, 0 376 mol) m THF (200 ml) was added 2N HCl (5 ml) fol- 
lowed by saturation with water The mixture was refluxed for 3 h after which It was saturated with NaCl and the product extracted 

into CH,Cl, After drymg and concentration, the residue was &stdled to give dlol(9) (73 6 g, 100%) as a colourless 011 b p 155- 
lSS”C/O 2 mm Hg, [al, -5 2’ (c 18 m CHCI,), ‘H NMR (60 MHz) 6 7 22 (5H, s), 4 42 (2H, s), 3 85-3 3 (5H, m). 17 (2H, ap- 
parent q, J 6) 
(S)-4-Benzyloxy-1,2-dlmethoxy-butane (10) - Dlol (9) (73 6 g, 0 376 mol) m THF (160 ml) was added dropwlse to a me- 

chanically stmed suspension of petrol-washed NaH (60% dispersion m mineral od, 35 g, 0 840 mol) m THF (250 ml) with Ice bath 
cooling After 15 mm Me1 (52 ml, 0 840 mol) m THF (90 ml) was added and the mixture allowed to warm gradually to 20°C over 
12 h The reaction mixture was quenched by the addluon of water (500 ml) and the product extracted with petrol The combmed ex- 

tracts were dried, evaporated, and the residue distilled to give (10) (78 3 g, 93%) as a colourless 011 b p 96-lOO”C/O 3 mm Hg, 

[alo -13 2’ (c 20 m CHCl,), ‘H NMR (60 MHz) 6 7 24 (5H, s), 4 44 (2H, s), 3 6-3 3 (5H, m), 3 35 and 3 30 (3H each, s), 2 78 
(2H, apparent q. J 6). “C NMR (25 MHz) 6 138 6, 128 3, 127 5, 77 2, 74 6, 72 9, 66 6, 59 0, 57 5, 31 7, (Found M’, 224 
14106 Calc for C,,H,O, M, 224 141235) 
(S)-3,4-Dlmethoxybutan-l-01 (11) - A mixture of (10) (36 1 g, 0 161 mol) and Pd/C (5%. 3 6 g) m EtOH (200 ml) was 
hydrogenated at atmosphenc pressure m the usual way to give alcohol (11) (20 74 g, 96%) as a colourless 011 b p 68-7OVO 02 

mm Hg, [alo -22 6” (c 6 5 m CHCI,), ‘H NMR (90 MHz) 6 3 71 (2H, t, J 5 5), 3 53-3 30 (3H, m), 3 40 and 3 35 (3H each, s), 
2 75 (lH, br s), 1 76 (2H, apparent q. J 6). 13C NMR (22 5 MHz) 6 79 1, 74 3, 60 1, 59 3, 57 6, 34 2, (Found M’, 135 10202 
Calc for C&O3 M, 135 102113 
(S)-3,4-Dlmethoxybutanal (12) - To a solution of oxalyl chlonde (9 6 ml, 110 mmol) m CH,Cl, (90 ml) was added drop- 
wise at -70°C dry DMSO (15 6 ml, 220 mmol) m CH,Cl, (50 ml) After 10 mm, alcohol (11) (13 4 g, 100 mmol) in CH&& (50 
ml) was added dropwise glvmg a copious white preclpltate After 25 mm, N-methylmorpholme (36 3 ml, 330 mmol) was added and 

the solution warmed to O’C and stirred for 2 5 h After pourmg mto Iced 2N HCl (111 ml) and saturating the mixture with NaCl, 
the organic layer was washed with NaHC03 and brine, dried, and evaporated The residue was purified by chromatography eluung 
with 30-50% EtOAc /petrol to give aldehyde (12) (13 1 g, 98%) as a colourless 011 The product was unstable towards heat so only 
a small sample was further punfied by dlstdlatlon b p 110°C (bath) / 15 mm Hg, [al, -7 8” (c 9 2 m CHCl,), IR (film) 1724 

















1782 T M WILLSON~~ al 

3 see precedmg paper 

4 Isaac, K , Koclensla, P J Chem Sot , Chem Commun, 1982,460 

5 Willson, T M, Koclenslu, P J Chem Sot , Chem Commun , 1984, 1011 

6 Review Mukalyama, T Org React , 1982,28,203 

7 Alex&s, A, Chapdelame, M J , Posner, G H , Runqmst, A W Tetrahedron Left, 1978.4205, Brownbndge, P , Chan, T 
H Tetrahedron Let?, 1979,4437, Snxth, A B , Guacmro, M A, &how, S R, Wovkuhch, P M, Toder, B H, Hall, T 
W J Am Chem Sot, 1981,103, 219 

8 Koclenslu, P , Yeates, C , Street, S D A, Campbell, S F , J Chem Sot , Perkn Trans I, 1987, 2183 

9 Mancuso, A J , Huang, S -L , Swem, D J Org Chem, 1978,43, 2480 

10 Wllly, W E , Bmsch, G, Ehel, E L, J Am Chem Sot , 1978,100, 1942 

11 Ehel, E L , Petrusiewicz, K M ‘Topics in 13C N M R Spectroscopy’, ed Levy, A B , Wdey, New York, 1979, Vol 3, 
p 182 

12 OJlma, I , Nlhanyanagl, T , Kogure, T , Kumagm, M , Honuciu, S , Nakatsugawa, K J Organomet Chem (1975.94.449 

13 Cockenll, G S , Koclenslu, P , Treadgold, R J Chem Sot , Perkrn Trans I, 1985,2093 

14 Clark, R J H Inorg Chem, 1966.5, 650 

15 Prepared as described m reference 8 usmg commercial butanetnol 

16 ConJugate addition of a cyan0 group could also be accomplished with high dlastereoselectlvlty with Et,AlCN but the yields 
were low (~20%) and the reacnon capnclous Furthermore, Et,AICN is a nuisance to prepare and purify 

17 Andrews, G C , Crawford, T C Tetrahedron Letf , 1980,21,693 

18 (a) Reetz, M T , Jung, A J Am Chem Sot , 1983.105.4833, (b) Reetz, M T , Kesseler, K . Jung, A Tetrahedron Letr , 
1984.25.729, (c) Summary Reetz, M T Angew Chem Int? Ed Engl ,1984,23, 556 

19 Kiyooka, S , Heathcock, C H Tetrahedron Left, 1983.24.4765, Heathcock, C H , Klyooka, S , Blumenkopf, T A .I 
Org Chem , 1984.49, 4214 

20 The terms syn and anu refer to the dlsposmon of the stereogem: centres with regard to the extended hnear cham The smxtures 
m this paper were drawn m a folded configuration to emphaslse stereochermcal relatlonsiups 

21 Keck, G E , Castellmo, S J Am Chem Sot, 1986,108, 3847 

22 For a CornprehensIve dlscusslon of stereoselecuvlty in the addmon of organotltamum reagents to carbonyl compounds see 
Reetz, M T ‘Organotltamum Reagents m Organic Synthesis’, Spnnger-Verlag. Berhn, 1986, 123-189 

23 Matsuda, F , Tonuyosln, N , Yanagiya, M , and Matsumoto, T Tetrahedron, 1988,44, 7063 and references therem 

24 Nakata, T , Nagao, S , Olsht, T Tetrahedron Lett ,1986,26, 6465 

25 The acylauon of umdate esters by highly hindered carboxyhc acids in the presence of thlonyl chloride takes a complicated 
course Although the acid chloride IS implicated to some extent, an alternative pathway involving formatIon of N,N’- 
sulfmyldmmdates also contributes to the overall acylation process For a discusston of the mechanism of acylallon see reference 
23 

26 H Sakurai, K Miyoshl, and Y Nakadaua, Tetrahedron Lett , 1977, 2671 

27 G Germam, P Main, and M M Woolfson, Acfa Cryst , 1971, A27, 360 


