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THE PROPOSED AUTORRGULA TORS FROM STREPTOHYCES GRISEUS' 

KRUI IIORI' and TATSUYA C?TSUKA 

Depxtmnt of AgrlNltural alenustry, Ihe Onlverslty Of Tdryo, 

Yaya l-l-l, L+unkyo-ku, 'nzkr~ 113, Japan 

(Recerved tn Japan 3 Aprd 1985) 

Abetract---All of the fax p3ssrble stereolsomers (ca. 95 % eie) of 5-hydroxy-4decawllde 

(L-factors), the plopxed autoregulator from Stxeptomyces grlseus, were synthesu.aJ from (i)- 
l-octen-3~1 in two or fax steps employxq the sharpless asymmetric epxldatlon as the key- 

step 

Khokhlov's discovery of A-factor as the autoregulator of Streptomyces grrseus to Induce the 

streptomycin production and the formation of aerial mycellum' made us to undertake further synthe- 

tic and stereochemlcal studies on A-factor culmlnatlng to the asslgnmentof Its (3R)-absolute 

conflguratlon as depicted in the formula 2.3 At the same time when we were working on A-factor, 

two new autoregulators were Isolated from cultures of Streptomyces gr~seus.~ Owing to their 

promotIve effects on the buxynthesls of leukaemomycln (an anthracycllne antlblotlc), the duto- 

regulators were termed L-factors To them were assigned the structures (4&5R)-5-hydroxy-4- 

decanollde 1 and its (4&55)-isomer based on their spectral (IR, 'H- and "C-NMR, MS and CD) 

data 4 The proposed structures as 6-hydroxy-y-la&ones coupled with their remarkable bloactlvlty 

prompted us to devise a simple synthetic method for preparing all of the stereolsomers of 1. 

Obviously the synthesis of all the stereolsomers was the prerequlslte to study the stereo- 

chemistry-bloactlvlty relatlonshlp In the course of our lnvestlgatlon, however, Gr:fe and Erltt 

retracted the claim of autoregulatory actlvltles for 1 after testing the bloactlvlty of the 

synthetic (4S',SR*)- and (4S',5S*)-1 ' - The previously observed actlvlty of 1 was due to Its 

contamlnatlon by trace amounts of A-factor 5 

In spite of the withdrawal of Grafe's orlglnal claim, the status of (4&5rJ)- and (45,5S)-5- 

hydroxy-4-decanollde 1 as novel natural products remains secure with full descrlptlon of their 

physical propertles such as spectral data.' We therefore continued our work and completed a 

chlral synthesis of the four stetreolsomers of 1 Meanwhile, Pougny et al -- reported a synthesis 

of (4&5R)-l from trlacetyl-D-glucal by a twelve-step sequence 6 followed by some modlflcatlons on 

that route 
7 

Wlghtman et al also published in a prellmlnary form a synthesis of (45,5&)-l as -- 

well as that of (4S,5S)-1 starting from D-rlbose 1" six or eight steps, respectively 
8 

Out- 

synthesis as shown 1n the Scheme ylelded the lactone stereorsomers 1 I" only two or four steps 

from d simple racemlc starting material 2. 

The structure 1 as a lactonlc alcohol remlnded us of our previous syntheses of hydroxy- 

lactones from epoxy alcohols 9.10 The strategy employed in those earlier syntheses must agaIn be 

useful ln syntheslzlng 1. An attack at C-l of an epoxy alcohol (2&3R)-3a with an appropriate 

two-carbon nucleophlle will lead to (4S,5&)-1, with retention of conflguratlons at the two chlral 

centers In connection with our pheromone synthesis, we had the experience in preparing (2?.3R)- 

tSynthetlc Mxrcb~al timlst.ry---XI ?he exprnneW2.1 part of this work was taken from d part of the forthcnmxq 
doctoral dlssertatxn of T 0 (Harch, 1986). Pert X, K. lbrl and S. l'akect~, Tetrahedron, I" press 
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and (2S,3S)-3a.11 The eponde (2&3R)-3a was obtained by the klnetlc resolution of the commer- 

clally avallable (?)-I-octen-3-01 2 by enantloselectlve epoxidatlon. 12 The Walden lnverslon at C- 

3 of (2&35)-3a under the Mltsunobu condltlon13 afforded (22,32)-3a After several unsuccessful 

trials we found LlCH2C02Ll 14 to be a convenient two-carbon nucleophlle to prepare 1. Treatment of 

(22,3R)-3a with a large excess of LlCH2C02Ll I" DME was followed by acldlfrcatlon to give (42,5r~)- 

1, [al;' +9 8°(cc14) [lit 6 [al, +11O (CC14); 11t H [al, +a 6°(cc14) 1, ln 42 % yield Slmllarly 

(22,32)-3a furnished (4S,5S)-l, m p. 42-=I4O, [a1g1+33.20(CHC13) [lit.* 011, [al, +24 8' 

(CHC13)1, ln 40 0 yield. Their spectral propertIes uxludlng the 13C-NMR data were in good accord 

with those reported previously for both the natural 4 and synthetic 6.8 materrals. 

For the preparatron of the antipodes of the natural lactones, (2R,32)- and (2R,3&)-3a were 

required as the key-lntermedlates (i)-1-O&en-3-01 2 was epoxldlzed with t-BuCOH and T~(l-Pr0)~ 

in the presence of dllsopropyl L-(+)-tartrate for 12 h at -2OOto give (2R,3S)-3a I" 41 2 8 

yield. cf.11.12 This was treated with LlCH2C02Ll to gl"e (4&52)-l, [al;' -9.5°(CHC13), I" 39 % 

yield Then the Walden lnverslon at C-3 of (2&3S)-3a was effected with Ph3P, 3,5-dlnltrobenzolc 

acid and dlethyl azodlcarboxylate to yield (2R,3R)-3b as an 011 11,13 Alkaline hydrolysrs of 

(2R,3R)-3b afforded (2iJ,3R)-3a. Treatment of (2R,3R)-3a with LlCH2C02Ll furnrshed (4R,5R)-l, m.p 

42-44', [al;1-33.10(CHC13), I" 26 0 yield. 

In this way the synthesrs of (45,5R)-1 and Its antipode (4&,52)-l was achieved in two steps 

from 2 in 27 % and 16 % overall yield, respectively The overall yield of the four-step synthesis 

of (42,52)-l from 2 was 11 0, and that of (4R,S&)-l was 10 %. Determlnatlon of the optical 

purltIes of our synthetic isomers of 1 was carrled out by the measurement of the 400 MHz 'H-NMR 

spectra of their respective (S)d-methoxy-a-trlfluoromethylphenylacetates (MTPA esters). l5 The 

lntensltles of the signals due to the dlastereotoplc OCE3 protons of the MTPA esters were 

precisely estimated, which allowed the determlnatlon of the optlcal purity of (4&5R)-l as 94 7 % 

e e., while that of (4&5S)-1 was 95.2 0 e e (42,52)-l was of 95.5 % e.e and the antipode 

(4iJ,5R)-1 was shown to be of 94.8 % e e Thus all the stereolsomers of 1 prepared by us were of 

ca. 95 % e e. 

A-factor L-factor j_ 

(2R.333~ A= H -& 
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In summary we illustrated agal" the utlllty of the Sharpless asymmetrlc epoxldatlon I" 

syntheslzlng hydroxylactones. cf 9,lO Although the overall yields achieved by our method were not 

so excellent (10 27 0). It was still comparable to those reported by Pougny (13 0 1" twelve steps 6 

or 4 0 I" eight steps' from triacetyl-D-glucal). Wlghtman's synthesis gave better overall yields 

than ours [68 0 for (42,5&j-1 I" five steps or 58 % for (4S,5S)-l I" seven steps from ISO- 

propylldene D-rlbose*l. The optlcal purltIes of their products, however, seemed to be lower than 

ours, ]udglng from their reported values of specrflc rotatlon8 

EXPKRIHENTAL 

All bps ard m.ps were unmrrected. IR spectra were recorded on a Jasco A-102 spectr.ameter ds a film NNR spectra 

were measured on d Hltachl R-24A spearometer at 60 MHz with THS as an 1ntm1 standard unless othewlse stated. optuxl 

rOt.atlals were measure3 M a Jasco DIP-140 aut-tx polarlmter 

Q5,3R)-(-)-1,2-4nxy-3odanol (25,3!+3a. 'Ihls was prepxed acaxdrq to OUT plbllshed 
ml (16.6 q) of (*j-2, 6.0 9 (638 %) of @,3E)-h was obtained, b.p 5B0/0.2 lwr; IalD s-1"9 froml12M 

Cal,” 
(Hc13) Illt. 

-216' (~'143, CHC13)1 

(ZS,3S)-(+)-1,2-Epoxy-3-octa"ol (2&3s)-3a According to the publIshed procedure 690 CJ of the correspondlnq 3,5- 
dlnltrobenzoate ylelded 2 34 g (796 $1 of (2&3S)-3e, bp El-S2'/5 Torrt lO+4.410 (c=l48, CHC13) [IIt." [I+ 

+4 40' (c=l 66, aK13)l. 

G!R,3Sl-(+)-1,2-Epxy-3-oct~ol @,3+3.x. To stIrred and cooled Ury-we~14 bath) dry 0i2C12 (500 ml) at -2O'undes Ar 
were added TI(~-PxO)~ (193 ml, 64.S mmol) and dllsqrqq 1 L-(+Martrate (16.2 ml, 778 mmol). After st1rr1"g for 5 ml", 
(-+I-2 (la0 ml=14.9 9, 116.7 mmol) and t-Bxxxi (7.3 H I." CH2C12, l&l ml, 132.5 mwl) were added to the mixture at -20. 
'Ihe mixture was left to staxl for 16 h at -20'1n a freezer. It was then cooled With a dry lce-CC14 bath. lb the stirred 

and ccc&d soln was added 10 a aq soln of L-(+I-tartarlc acld (200 ml) The St_lrrl"g was ccntinued for 30 ml" at -20". a& 
for 2 h at rmm tern% ?he organuz layer was separated, washed with water, drxed CNa2S04, and ooncentrated 1" vacua. ?he -- 
resldw was diluted with ether (400 ml) and stIrred with 1 N-Nai (150 ml) for 1 h at - tamp lhe organx layer was 

separated, washed with brine, dried (Na2S04) and ccacentrated I" vacvo. 'Ihe residue resulting from three batches of the 

above ep!xxlatlon was chromatcyraphed over S102 (Merck leselgel 60, 1 kg) Elutun w1t.h !ZtQl\cn-hexane (11045 85) 9ave 
16.9 9 [67 ‘lgf;om @,-?I of UR 3Sk3.x lks was tistllled to qve 104 g [412 0 from (5)-21 of (2r+?)-k, hp. Bfz-&"/ 
10 Torr, "0 143761 Bl"' ;247%=144 OK1 ), Vma.7 3460 (s), 1070 (ml, 945 cm), BY) (ml G1r 6(cCl ) 090 
(3H. deformed t, J=7 Hz), : 07-175 (SH, m;, 2.61:1", dd, J-3 7, 7 0 Hz), 2 63 (1H. dd, J=3 7, 70 Hz), 2 82 &, ddd, 

J-3 7, 3 7, 7 0 Hz), 3 05 (lH, d, J=40 HZ, OH), 3 50 (lH, m) (Found C, 66 38. H, 1117 Calc for CSH1602 C, 66 63; H, 
11.18 B) 

(2R,3R)-(-)-1,2-E1xxy-3-cctanol 3.5-dlnltrobe~te (2lJ,3~)-3b. Tb B stxred soln of (2IJ,E_)-h (4.00 9, 278 mmol), 3,5- 
du-ntrobxuox acid k.01 9, 283 mmol, 1.02 eq) and Ph3P (743 q, 2S.3 mmoll I" 'lW (70 ml) was added droprxx over 15 ml" 
d sol" of dlethyl a7.&1ca.rbay1ate (493 9, 283 mmol) I" 'WF (25 ml) tir xe-ooollng at 10' ltle rnlxture was stxred 
overnight at room temp. and ooncantrated I" vacua ?he residual brow" 011 was chromatcqra#xzd over S102 (IQ]1 Davuxm BW- -- 
82oNH. 150 g). 

150 9) 
Elutxm with lWUK13 (110) gave crude 3b, whxh was rechxmatcqra@xd over S102 (yd1 Oavlscn BW-B2OMH. 

Rlutlon with Bt0Ac-whexane (110) gave 9M) 9 (99.3 $1 of @,3~)-3b ds a yellow al, "0 1.5253~ 
cc=2 77, CHC13)1 Wmax 3125 cm), 1735 (8). 

[ai~g-3.840 
1630 (m), 1600 (w), 1550 (8). 1350 (s), 1280 (a), 1170 (8). 720 (8) cm-'8 

6CCoCl,, 088 (3H, deformed t, J= 7Hz). l-05-165 (6H. ml, 170-215 (2H. m), 2 73 (1H. dd. J=4 0, 4 7 Hz), 3 28 (lH, 

ddd, J=2.5, 40, 6 5 Hz), 500 (1H. dt, J=6.5, 6 5 Hz), 9 30 OH, s) (Found C, 53 521 H, 5 471 N, 802 Calc for 
C15H1S07N2 C, 53 25, H, 5.36~ N, 8 28 8) 

(2R,3R1-(-)-1,2-E-3-xta"ol (zR_,e_)-3& To a stxred soln of (2&a()-3b (770 g, 228 mmol) I" ?HF (50 ml) was added 
wet- 5 ml" a mixture of 1 N-KCH aq (25 ml) end He(3H (20 ml) l%e mixture was stxred for 1 h at room teq, It was them 
diluted With water a-s3 extracted With ether nle ether s&l was washed With sat NanaJ) aq and brine, dried e4qSo4), ard 
concentrated 1n vaxo. We realdue was chromatqraph~lwr S102 (BW-8234ti. 30 q) -- Elutlon with EUXc-n-hexane (1 5) gave 
304 9 (93 a) of (2R,3f+3a, bp. SO-S4'/ 7 Torrj "D . 

(m), 1060 (m), 1040 (ml, 915 (ml cm-'r 

143841 WI,21 5 -3 72'(c-150, CHC13); Umax 3455 (s), 1085 

&Ccl,) 0.90 (3H. deformed t, J-6 Hz), l-05-165 (SH, ml, 2 50-2 70 (2H. ml, 
2 75-2 95 (lH, m), 295 (lH, d, J=4 Hz, OH), 3 25 (lH, m) (Found C, 66 58, H, 1114 
1118 0) 

Calc for CSH1602 C, 66631 H, 

(4S,5R)-(+)-5-Hydnxy-4-decan~lxle (42,5R)-1. % a stxred and oooled sol" of I-Prp (485 ml, 345 mmol) I" 1,2-d1- 
methoxyethane (ONE, 18 ml) at -55°~ Ar, a eoln of n-B&1 I" n-hexaxe (1.65 M, 20.9 ml, 34.5 mmol) was added droprlse 
keepuq the reactxm temp below -43' TD tke stxred aoln of m(1-Pr)2 was added a sol" of Acal UX39 ml, 173 mm011 m 
DME (4 ml) Ihe temp was allowed to rise gradually 'l%e stIrring was ccmtuued for 1 h at 23'and another 1 h at 43" 
The resultrq sol" of Llai2Q)2L1 was take" into a syrl"ge ard added 1" one pxt1.n to a stirred soln of (2s.3$3a (302.5 
mg, 21 mrol) I" DNE (5 ml) render Ar Ihe mx&ure was sturred and heated at 55Ofor 48 h, and the" omled 1" an vze-bath. 
Ihe reactxm was quench& by the &txn of water (6 ml) 'Ihe mxiture w*s concentrated I" MCUO to IP- ~MF. me -- 
realdual aq soln was acl&fxd w1t.h drl H2m4 to @i 2, and tlur0qhly extracted With ether Ihe ether ml." was &led 
WlsJ4), and ccmoentrated 1" "a- to give 669 mg of a brown OlL mia was chrcxrlatograw over s102 KB?selgel 60, 35 g) -- 
Elutun with EtWvz-n-hexane (1 5-1 2) gave 165 m-q (42.3 8) of (4&5!)-1 aa a viscsus al. 

+.4KQ 
A" aralyticalsample was further 

plrrfied by chromat.oqraFhy over S102 (SW-SZOMH) Do give pxe (s,!@-1, ~ai+3~(Fuo, ox,); Vmax 3475 
(6). 2950 (s), 2875 (81, 1775 (61, 1470 (m). 1425 (~1, 1385 (w), 1340 (w), 1300 (w). 1190 (81, 1140 (~1, 1075 (~1, 1030 
(m), 1000 (w), 930 (m), 910 (ml, 890 (~1, 840 (~1, 730 (w) cm-l ' , H-NMR (400 NHz, COC13) 6 0895 (3H. t, J=70 Hz), 
1 25-137 (5H, m), 138-145 (ZH, m), 149-1.58 (1H. m), 2145 (lH, dddd, J=5.5, 7.4, 100, 12 3 Hz), 2.275 (1H. dddd, 
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517.0, 7 5, 100, 12.3 Hz), 2.503 (lH, ddd. J=7.5, 10.0, 17.9 Hz), 2.597 (lH, ddd, J=5 5, 10.0. 17.9 Hz). 3095 (1~. s, 
OH). 3.902 flH, mf, 4,448 (lH, ddd, J=3.3, 7.4, 7.5 HZ); 

31.74, 3194, 71.43, 82.93, 17758 
13C-NHR (25 HHZ, CDc131 614.01, 21.12, 22.55, 25.36, 28.75, 

(Found C. 6450; H, 9.95 Calc for C10H1803 C, 64.491 H, 9.74 01 

w3,55~-(+)-5~4~11& (4&5S_f-l. I" the *alne ma""ez as described above, a sol" of LIai2m2Ll was ptepyed 
frcm (x-P&pi f17.1 ml, 122 mmol), n-m (152 w soln I* n-hisane, SO.0 ml, 122 nmol) and Acaf G.50 ml, 61.0 mmolf 1" 
DME (85 ml). ?lus was added to a aoln of (2&3S_)-b (LO3 g, 6.94 mm011 I" DHE GO.0 ml) wzth stxrrng under Ar. Ihe 
m%ture was stxred overnaght at 45' It was ti moled rnanlcebatll and the reacucn wasqwax&?d by t.he&zkiltlonof 
sat NH4c1 aq @Jo ml]. 'lbe mwture was acldzfxed with ccnc HCl to FH 2 and thoraqhly extracted with ether. The ether $01" 

Wa8 &led MlgSOq) am.3 concentrated I" vacua ?he residual brow" 011 was chrcmatcqraphsd over Sz02 (Merdc Kleselgel 60, 1M) -- 
g). Elutxn with 0E13-Meat (501) $ave 510 mg (40 6) of (4&5s_)-l as mystale. An analytwal sample was further pxrfxed 

bv ChrwnavlJraphy Dver S102 and decolorlZa+lfn with actlvatcd charoml to gzve plre (+,Sst-1. m.& 42.44"; fCzJz+3Q 

(c-1.11, rx~l3)~ vma~ 3470 (8). 2950 b), 2875 b), 1770 (a, 1460 b), 1415 b), 1375 tw), 1290 (a, 1265 b), 1190 b), 
1130 (m). 1050 (in), 1025 (III). 925 (m), 520 (~1. 725 fw) cm -I 'H-tfMR (400 &Hz, UXTl )&O&34 (3H, tr J=?eO He). 1.25-1.44 r 

(5% ml. 1.45-1.61 (3H. m), 2.148 (lil. dddd, P7.5, 8.3, 10.0, 12.3 Hz), 2.247 (lH, ddid. J-5.5, 7.5. 9.5. 13.3 HZ), 2.510 

(1H. ddd, J-8.3, 9.5, 17.5 Hz). 2608 
4.446 (lH, ddd, J=4.2, 7.5, 7 5 Hz), II 

lH, ddd, J-5.5, 10.0, 17 5 Hz), 3.264 (lH, s, OH), 3 568 (1H. dt, J-4.2, 8.4 Hz), 

C-NMR 
83.16, 177.88. 

(25 MHz, CCC131 614.01, 22.55, 24 02, 25.24, 28 70, 31.74, 32.94, 73.36, 

(Found C, 64.75. He 9.79. Calc for CloH1803 C. 64.491 H. 9.74 0). 

t4R&S)-(-)-5_Wydroxv-4dll& (4Rg$)-1. In the same m- as dascrlbfd for the pparatxn of &+.5g-1, d $01" of 
L1ai2CD2L1 lea9 prepared fmn (1-P+NH (9.73 ml, 69.4 mmol), n-R&a &6O H I" n-hexane, 43.4 ml, 69.4 mmol) ax! A&H (1.98 
ml. 34.7 mmol) 1" DHE (28 ml). lbs was sdded to a stlffai sol" of (&3+3b (1.0 g, 6.94 mmol) I" DME (10 ml) u"der AC. 
'ITi@ mlxtire ~a8 stirred at 404S”f0r 24 I’!. It was then Fxrred XXO xe-water, acldlfwd with IXJ"C Hcl to t% l-2. strrred 
for 30 ml* at o"and UKxaxJhiy extracted Vlth aS2C12. Ihe sip, sol" was drred w2SO) ard onatntrrted I" vacua Ihe 
residue was purlfled by i&O2 chranatcqraphy to gxve 503 mg 138.7 0) of (e,Ss)-1, 41 

me IR and NMR spectra of wpS)-1 were 1dent1ca1 With t&ala of (4$5E,-l. 
"D I.46041 lul, -9*5*(ow3, ca4). 

C, 64.49; H, 9.74 S). 
(Found C, 64.13~ H, 9.76. Calc for 'ioH1803 

(4R$Rf-(-)-s-H*~-4decanollde (4R@sR)-1. I" the same 

I.iCJi2CD2U was preparsd fma (~+'r@i-(24.3 ml, 
ma"ner as descnted for the preparat1cm of (G5R)-1, a s&n of 

17.3 mmol), n-St&x (192 M I" n-hexane, 114 ml, 173 Ill&-a"d Acal e.20 
9, 87 mnclf r" IME! (39 ml). A yorticm of thm soIn antainxq 33 mm01 of LzM2'3)2L.' was ad&d to a starred soln of 
(ptyi)-h &OO 9, 6.94 mmol) 1" DME (15 ml) ruader Ar. ?he mixture was stux.xi at SPfor 36 b 1t wa* then moled iin a" 

G-LGhand the react1a" wasqu?"clxd!q the a&xtlulof satPIH4c1aq (Eoml). Ihe mucture was acldlfuxl wzth ant Hcl ta 
W 2 and thorcughly extract&d with ether. The ether soln was drIeri Q4gsu4t and cxxlcentrated l" "dcuc. me resldlue %?a* -- 
purlfled by S102 chromatcqraphy ftwze) to give 340 mg (26.3 %> of crystallxne (4$X_+t, in.p. 42+-44'r IOID -33.P 

bG64. uKx3). me IR and NNR spectra of ~4prp1 -were 1dent1ca1 With those of M&5+1 (Farid C, 64.611 H, 9.75. 
Calc for c1()H1803 c, 64491 ii, 9.74 8). 

A sq"al due to UR3 protons of (S)-MTPA ester of (4S$%~)-l appeared at 6 3.552, wlule that of (SFMTPA ester of 
MR,!%+l appeared at 63.492. %e optxcal prrlty of 1~,5~)-1 was 94.7 * aa, while that of (4~,,5s_)-l ias 9X? 0 e.e. 

A 81~1 due to Car3 pr&cns of @-bITPA estez of (4s,F+-l a&ear%zl at 61576. whzle that of (~PMTF'A ester of 

t4R,5@-1 appeared at 63.520. The optxal Furrty of ME$S~>-l was 955 e ea., while that of (4&!+-1 was 94.8 * e.ee 
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