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Abstmct The reochon of dicarba@~c acid &esters 1, with m Mu generoted drhalomethylhth~um (1 I4 molar mtro) 

at -78oC leads, after hydrolyses, to the correspondmg drhalomethylketoestem 3 The same process usmg on excess of 

the carbenmd (I 4 molar ratio) pelds the expected tetrohalodtketones 5 The reochon of these carbenotds with r- and 

5 -locrones 6 at -78 OC ytelds, after hydrolysis, t(dthaIomethyi) r- or dIactols 7 or 8, respechveb The reaction of 
Iac~ols I or 8 wrth tnethylsrlone or allyhnmethylsdane Nt the presence of BF3 0Et2 affords the comqnntdmg 

subsfnured tetrohydrofirrans or pymns 10 or 12 The use of h-caprolactone as stamng motenol in the reaction with 

drhalor~lctl~yll~t~i~~~~~~ leads to the corresponding I, I-dlholo-7-hydroq-2-heptanones 

INTRODUCTION 

The reaction of only one ester group of dlcarboxyllc acid dlesters has proven to be a valuable 

synthetic strategy for the preparation of many natural products 1 So, the preparation of half-esters by 
selective enzymatic hydrolysis of dicarboxyhc acid dlesters has received much attention 2 The addmon 

of organohthmm compounds to only one of both carbonyl groups of dlcarboxyllc acids dlesters, it has 

not been reported m the literature 3 A similar transformation can be carried out using dlcarboxyhc acids 
derivatives with carbonyl groups of different reactlvlty,” such as chlorocarbonylesters or usmg cychc 

anhydrides 5 On the other hand, tetrahydropyrans and tetrahydrofurans are common structural 

elements III terpenolds, pheromones, antlblotq C-glycoades and other blloglcally actwe natural 

products L6 For this reason their synthesis has received much attention durmg the last decade ’ 

Recently we have described the synthesis of qx-dlhaloketones8 or %a$-tnhaloketonesg from III suu 
generated dlhalomethylllthmmlo and carboxyhc or ac-halocarboxylx acids esters, respectively In the 
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present paper we describe a simple, easy and rapid method for the preparation of 

dihalomethylketoesters by reaction of 1 equivalent of dlhalomethyllithmm generated zn srtu wrth 
drcarboxyhc acid diesters The syntheses and reactivity of 2-(dihalomethyl)-2-hydroxytetrahydrofurans 

@lactols) and pyrans g-lactols) startmg from in situ-generated dihalomethyllithium and $ or S-lactones, 
respectrvely 1s also described here. 

RESULTS AND DISCUSSION 

a) Reaction ofdrhalocmbeno’ tiwithdiCXnhykaciddierla 
The successwe treatment of several commercrally available dicarboxyhc acrd dtesters 1 wrth 

drchloromethane (2a), bromochloromethane (2b), or dibromomethane (2~) (1 14 molar ratio) and then 

wtth hthnrm dtalkylamrde (1.16 molar ratio) at -780C led, after acid hydrolysn, to the correspondmg 
drhalomethylketoesters 3 (Scheme 1 and Table 1) 

MeO,C xcque 
la, n=2 
lb, n=4 

1c 

C02Me 

CO,Me 

Id 3da-dc 

Scheme 1 Reagents 1, R2NLr, n, HCI / H20 

0 
Me02C 
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n XL 
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. . . ..K$” 
3ca-cc 

0 

07 1; ex’ 
C02Me 

It 1s noteworthy that under these reaction condmons, the drhalogenated ketoester 3 was 

contanunated only with small amounts (< 10%) of the starting dtester 1 The isolation of the pure 

ketoester 3 was achieved easily by column chromatography on srhca gel The reaction times were short 

(about 0 5 h) and the hthtatron reaction was camed out wtth hthmm dhsopropylamtde for 
drbromomethane (2~) or chlorobromomethane (2b) and wrth hthntm drcyclohexylamrde for 

dlchloromethane (2a) 3 In general, the transformatron of the ester functton mto ketone can be 
explained since the mtermedtate of the type 4 1s stable under the reaction conditions due to the 

presence of electronegatrve halogen substnuents,lr and so the addrtron of two molecules of 
dlhalomethyllnhnrm to the ester group 1s not possible When the reaction was carned out wtth an excess 
of drhalomethyllnhnrm the correspondmg tetrahalogenated dtketones 5 were obtained (Scheme 2 and 
Table 2) The generation of the correspondmg carbenords from 2a-c was done as described above 
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4aa-4dc 

Table 1 Synthesis of Dthaioketoesters 3 

Product 3 

Dlester Dlhalomethane no Yleld,a% 

la 2a 
lb 2a 
lc 2a 
lc 2b 
IC 2c 
Id 2a 
Id 2b 
Id 2c 

3aa 65 (59) 
3ba 58 (52) 
3ca 67 (60) 
3cb 53 (45) 

3CC 76 (70)d 
3da 70 (62) 
3db 72 (63) 
3dc 77 (74) 

o 37b 
043 
0 42c 
0 32c 

0 40e 

0 35e 

0 45f 

0 42f 

a Yield of crude product based on startmg materml 1, yield of Isolated produt after column cromatography on ska gel 

(hexane-ether) 1s gwen m parenthew b Hexane/ether 3/2 C Hexane/ether 9/l d Dchloromethane/hexane T/3 

’ Hexanc/ether 4/l f Hexane/ether l/l 

MeO,C wnC02Me + 2 XlvX2 

5aa-bc 

Scheme 2 Reagents 1,2R2NLl, u, HCl / H20 
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2 Synthesis of Tetrahaloketones 5 

Product 5 

:ster Dlhalomethane no Yield,a% mp(OC) 

a 2a 5aa 72 (65) 47-48 
3 2a 5ba 68 (60) 51-52 
3 2b 5bb 62 (52) 69-70 
3 2c 5bc 64 (57) 77-78 

leld of crude product based on startlog material 1, yield of isolated product after recrystalllzat~oo (h-e) 1s Wea 10 
iesls 

rctwn of Dihthcmberwfi with ladones 
The succeslve treatment of different g- and S-lactones 6 wth dlchloromethane (2a), 

xhloromethane (2b) or dibromomethane (2~) (12 molar ratio) and hthmmdusopropylamide (1 2 

ratio) at -78 oC afforded 2-(drhalomethyl)-2-hydroxytetrahydrofurans or pyrans 7 or 8, 

:tlvely (Scheme 3 and Table 3) When it IS possible a nuxture of dlastereolsomers was isolated 

C) 

X’\X2 
R2 X’ 

X2 

6a, R’=R*=H, n=l 
6b, R’=Br, R’=H, n=l 
6c, R’=H, R2=CH3, n=l 
6d, R’=R2=H, n=2 

2a-c 7aa-cc, n= 1 
6da-dc, n=2 

Scheme 3 Reagents 1, Pr2lNL1, II, HCl / H20 

The addrtlon of dlhalomethylhthmm to the lactone takes place m a short time (ca 20 mm) and no 
ztitlon with the ring opening to give the correspondmg ketoalcohol (see below) was observed The 
lactol7 or 8 1s the only reaction product (>95%) and can be used without further purification In 
ase of E-caprolactone (6e) treatment with dlhalomethylhthmm led to the correspondmg 
aiomethyl)-7-hydroxy-2-heptanone 9 This rmg fission IS probably due to the mstablhty of the 
ly formed addmon product12 (Scheme 4 and Table 4) 
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Table 3. Synthesis of 2-(Dlhalomethyl)lactols 7 and 8 

7879 

Product 

Iactone Dlhalomethane no Yteld,a% mph, or Rf 

6a 2a 7aa 

6a 2b 7abc 

6a 2C 7ac 
6b 2a 7bac 
6b 2b 7bbc 

6b 2c 7bcc 

6c 2a 7caC 
6c 2b 7cbC 
6c 2c 7ccc 

6d 2a 8da 

6d 2b 8dbc 

6d 2c 8dc 

60 (55) 

71(66) 

77 (70) 

65 (58) 

68 (61) 
80 (75) 

68 (65) 
66 (60) 

73 (70) 

90 (85) 

66 (60) 

73 (68) 

70-74 

74-78d 

75-78 

58-63d 

66-7Od 

74-78d 

0.45ef 

0 45wz 
0 47eis 

0 38h 

0 37eC 

o 35h 

a Yield of crude product based on startmg lactone 6, yields of isolated product after purlficabon IS given m parenthess b 

From hexane c Mixture of dlastereolsomers d Of the of mixture dmsteroaomers e The major dmstereoaomer could not be 

separed by TLC, Rfvalues refer to the correspondmg mudure t Hexane/ether 7/3 g Hexane/ether l/l h Hexane/ether 4/l 

Table 4 Synthesis of 1-(Dlhalomethyl)-7-hldroxy-2-heptanones 9 

Product 

Lactone Dlhalomethane no Yleid,a% 

6e 2a 9a 94 047 
6e 2b 9b 99 0 44 
6e 2c 9c 97 036 

a Yield of Isolated product based on startmg lactone 6db Ether/hexane 4/l 

The posslblhty of obtammg 2-(dlhalomethyl)tetrahydrofurans or pyrans (10 or 11) was tested starting 
from the correqpondmg lactol7 or 8 Thus, the reactlon of this starting material wtth trlethylsllane in the 

presence of BF3 OEt213 ylelded 10 or 11 respectively (Scheme 5 and Table 5) 

This reaction took place, usmg the crude lactol 7 or 8 previously prepared, and the isolation of 10 or 
11 required only removal of the solvent, without further punficatlon In the case of 7cc, the mutture 
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cx I, II 

+ 
X’\,X2 ) 

0 0 
“O--qX’ 

0 
6e 2a-c 9a-c 

Scheme 4 Reagents. I, Pr2lIQ 11, HCl / H20 

of diastereoisomers of the startmg product was 1 1 (NMR) and the rmn.r/ks ratto of 2-(dtbromomethyl)- 
5methyltetrahydrofirran (l&x) obtained was 2:1, this stereoselecuvtty 1s m agreement wrth literature 

data for sinular compounds 13 These assrgnments are supported by W NMR data, 111 general the 

signals for the CIS Isomer appears at htgher field compared to the correspondmg rmnr compound,14 

X2 

7aa-ac, 7cc, 6dc 

I, II 

- X’ 

X2 

1 Oaa-ac,l Occ,l 1 dc 

Scheme 5 Reagents 1, HStEt3, BF3 OEt2, u, NaHC03/ H20 

Table 5 Synthesis of 2-(Dthalomethyl)tetrahydrofurans 10 and tetrahydropyrans 11 

Product 

Lactol no Yteld,a% RP 

7aa 1Oaa 65 0 4s 

7ab 1Oabd 81 0 35e 

7ac 1Oac 71 042 

7cc 1Occd 89 042e 

8dc lldc 73 040 

a Yield of isolated product based on startmg lactol7 b From hexaae c Hexane/ether 4/l d Mxture of dmstereolsomers c The 
major dlastereotsomer could not be separated by TLC, Rfvalues refers to the correspondmg mmtme 
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which is attributed to more severe stenc compression of substituents in the cir compound.S In the case 
of 7ab stereoselecttvity was not observed and the tranr/ur ratio obtained for product 1Oab was the same 

as for the nuxture of diastereotsomers of the startmg mater& (at. 1:l). 

Finally, the treatment of 7aa and 7ca wtth allyltnmethylsilane m the presence of BF3.0Et2fi afforded 

after removal of the solvents, the corresponding 2-allyl-2-(dichloromethyl)tetrahydrofurans 12aa and 

12ca respectively, m 5055% isolated yield (> 96% purity from NMB and GCL) For product 12ca an 

ca 3:2 dmstereotsomers nuxture (NMB, GCL) was obtained 

/ oc/ 0 Cl 

Cl 
12aa 12ca 

Geneml Meltrng pomts were obtamed wrth a Buch~ apparatus Column chromatogrphy was done on Merck grade 60 
sdxa gel (230-400 mesh) and TLC was camcd out on Merck 6OF-254 precoated s&a gel on ahnnmmm sheets IR spectra were 
determmed wth a Phlhps PU-9716 and Perkm-Elmer 1720~XFT spectrometers IH and t%XMR spectra were recorded on a 
Bruker AC-300 spectrometer, chemxal stits are gven m (ppm) relam to tetramethyisdane as an Internal standard, and J 
values are gwen m Hz Mass spectra were obtamed with a Hewlett-Packard 5988A spectrometer Elemental analysis was 
carried out wth a Perkm-Elmer 240 Elemental Analyser Startmg drcarboxyllc aad diesters, iactones, Qchioromethane, 
bromochloromethane, dibromomethane, tnethylsdane, aliyltnmethyisdane, dxyclohexylamme and Lthmm dusopropylamme 
were of the best commeraal grade avadable (Akir~ch) and were used wrthout hither punticahon Solvents were drted before 
as usually All reactlons were carried out under mtrogen and all glassware was bed before use 

fiWruhon of D~lralo~ner/~y~~er 3. General Procedure To a stured soluhon of ddmlomethane 2 (7 mmol) and the 
starting &ester 1 (5 mmol) In ether (10 ml), was added a solution of hthmm dmlkylanude (8 mmol) m THF (10 ml) over 5 mm 

at -78 ‘C StIrrIng was contmued for 5 mm at the same temperature and the mixture was hydrolysed wth 6N aq HCI (10 ml) 
Then the sohd was filtered, the filtrate was extracted wth ether (3 x 5 ml), and the combmed layers were dried (Na2SO4) The 

solvents were removed (15 torr) reldmg a residue that contams the expected crude ketoester 3 Compound 3 was purdied by 
column chromatography (kane/ether) on srltca gel Yields and R+ues are reported m Table 1 Spectral and analytIcal data 
follow 

Methyi SS-dIclIloro-Caropenrarlollle (3aa). IR (film) 1720 (C=O) cm-l, lH-NMR (CDCI3) 27 (t, 2H, J=64, 

CH2C02),3 1 (t, 2H, J=6 4, CH2CO), 3 7 (s, 3H, CH3), 5 9 (s, lH, CH), ‘3C-NMR (CDC13) 27 7 (CH2CO& 30 2 (CH2CO), 

518 (CH3), 69 5 (CH), 172 2 (CO;?), 195 7 (CO), MS, m/z 171 (M+ t4-0CH3, cl%), 169 (M+ t2-0CH3, lo), 167 (M+- 

OCH3,15), 115 (lOO), 87 (14), 83 (11), 59 (U), 55 (26), Anal Calcd for 1&H&1203 C, 36 21, H, 4 05 Found C, 36 0, H, 4 2 

MerIayi 7,7-drclrloro-barolreptllrroole (3ba): IR (film) 1720 (C=O) cm-l, IH-NMR (CDC13) 16-l 65 (m, 4H, 

(=2m2CH2CO), 2 3 (t, 2% 1=6 4, CH2COz), 28 (t, 2H, 1=65, CH2CO), 3 6 (s, 3H, CH3), 5 8 (s, lH, CH), 13C-NMR 

(CDC13) 22 9,23 8 (CH2CH2CH2CO), 33 4 (CH2CO2), 34 3(cH2CO), 513 (CH3), 69 6 (CH), 173 3 (COZ), 1% 5 (CO), MS, 

ill/z 199 (M+ GOCH3, <2%), 197 (M+ tZOCH3, lo), 195 (M+-OCH3, l5), 143 (45), 115 (17), 111 (IOO), 83 (35), 73 (33) , 
59 (g), 55 (47), Anal Calcd for CgHl2C1203 C, 42 31, H, 5 33 Found C, 419, H, 5 2 

Nl?yl (E)-5,5-d~cl~loro-k.ropenr-2-enoure @a)* IR (fh) 1718 (C=O) cm-l, *H-NMR (CDCI3) 13 (t, 3H, 1=7 1, 

CH3), 4 3 (q, 2H, /=7 1, CHd, 6 0 (s, lH, CHCQ, 7 0 (d, lH, J= l5 7, CHCO2), 7 5 (d, lH, J= 15 7, CHCO), 13C-NMR 

(CDC13) 14 0 (CH3), 616 (CH2), 69 D (CHCl$, 1318 (CHCO;?), 135 7 (CHCO), 164 3 (CO2), 184 5 (CO), MS, /II/Z 167 
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@f+ +2-OqH5,4%), 165 (hi+-OC2H5,7), 127 (lOO), 99 (la), 83 (12), 71 (12). 55 (U), 54 (lo), 53 (11); Anal C&d for 

C7HgUe C, 3984; H, 3.82. Found C, 393 H, 3 2. 

EthH (E)-S-bmmo-%h&A-aqwn t-2- (3d1) IR (film) 1719 (GO) cm-l; tH-NMR (CDCl3) 13 (t, 3H, 1=7 l, 

U-Q, 4.2 (q, W, J=7 1, CH$6.0 (s, lH, CHClBr), 69 (d, H-i, l=l56, CHCOZ), 7.5 (d, 1H. I= 15 7, CHCO) , ‘v-NMR 

(CDclj) l3 9 (CH3). 55 9 (CHBrCI), 61.5 (CI-Q, l319 (CHW, l35 4 (CHCO), 164 2 (CO2),l84.3 (CO), MS, m/z 213 

@f+ +4-OQH5, ~2%). 211 (M+ +2-OC2H5,7), 209 (M+-OC2H5,5), 127 (la), 99 (U), 71 (ll), 55 (19), 54 (16), 53 (14), 39 

@), Anal. C&d. for C7HgBrC& C, 3291; H, 3 16. Found C, 32 7; I-I, 33. 

Ethyl (E)-Ss-drbmmcA-aw pent-2-enoute (SC): IR (film) 1703 (00) cm-l; IH-NMR (CDC13) 13 (t, 3H, 1=71, 

cH3), 43 (9, W, J=7 1, CH2), 59 (s, lH, CHBq), 70 (d, lH, I=l55, CHCO2), 7 6 (d, lH, 1=l5.5, CHCO); ‘*-NMR 

(cDQ3) 14 0 &I-Q. 414 (CHBr$, 615 (U-I& l32 0 (C’HCOZ), 1643 (coz), 184 0 (CO), MS, m/z 257 (M + +4-OC2H5, 

< 1%). 255 (M + + 2XX&H5, cl), 253 (M + -0C2H5, c 1). 127 (100); Anal Calcd for C7HgBr203 C, 28 W, H, 2 69 Found C, 

27.8, H, 27 

MeUayf o-(&hlomacetyi)benwate (3da) IR (film) 17l3 (C = 0) cm -l, ‘H-NMR (CDCl3) 3.8 (s, 3 H, CH3), 6 4 (s, lH, 

CHCGL), 7.5 (dd, lH, I= 11 and 7.5 CHCCO2), 7 6 ,7 7 @It, W, I= 14 and 7 5,2xCEHCCO), 8 0 (dd, lH, I= 11 and 7 5 

CHCCO), 13C-NMR (CDC13) 52 8 (CH3), 703 (CHClz), 1273,129 0,129 9, l30 5,132 9,138 3 (Carom), 166 1, (CO2), 192 0 

(CO), MS, m/z 219 (M + t 4-OCH3, cl%,), 217 (M + t 2-OCH3, c l), 215 (M + -0CH3, c l), 77(21), 76 (14), Anal Calcd for 

Clfl8Cl203 c. 48 61, H, 3 26 Found C, 48.5, H, 3 1 

Methyl o-(bmmochlomacetyl)benwate Qdb): IR (film) 1719 (GO) an-l, ‘H-NMR (CDC13) 3 9 (s, 3H, CH3), 6 4 (s, 

lH, CHBrCI), 7 5-8 0 (m, 5H,,), ‘3C-NMR (CDCI3) 52 9 (CH3), 57 8 (CHBrCI), 127 3, 129 8, 130 0, 130 6, 132 9, 138 0 

(Carom), 166 0 (CO2). 192 0 (CO), MS, nr/z 263 (M + t COCH3, cl%), 261 (M + t 2-0CH3, cl), 259 (M + -0CH3, cl), 164 

(lo), 163 (loo), 133 (14), 104 (ll), 77 (23), 76 (2O), 50 (13), Anal Calcd for C@gBrC103 C, 4120, H, 2 77 Found C, 410, 

H,29 

Methyl ~(drbmmoacetyl)benwate (3dc): IR (film) 1708 (C= 0) cm- l, ‘H-NMR (CDC13) 3 9 (s, 3H, CH3). 6 4 (s, lH, 

CHBr2). 7 S-8 0 (m, 5Harom), ‘VC-NMR (CDC13) 44 1 (CHBq), 52 8 (CH3), 127 1,129 9, 130 0, 130 4, 132 7, 137 4 (Carom), 

165 8 (CO2), 1913 (CO), MS, m/r 307 (Mt +4-OCH3, cl%), 305 (Mt +2-0CH3, cl), 303 (M + -0CH3, cl), 163 (lOO), 133 

(14), 77 (11X 76 (lo), Anal Calcd for ClOHgBr203 C, 35 75, H, 2 40 Found C, 35 4, H, 2 3 

fipamtnon of Tetmhalodrketones 5 Geneml Procedure The method was as the same dcscrlbed for 3 but usmg an excess 
of dlhalomethane 2 (20 mmol) and hthmm dlalkylamlde (22 mmol) Compounds 5 were purdied by recrlstalhzatlon (hexane) 
Yields and meltmg pomts are reported m Table 2 Spectral and analytIcal data follow 

l,l,d;~Te~cI:loroltexan-2,5-~one (Saa): IR (KBr) 1732 (C=O) cm‘ l, ‘H-NMR (CDCl3) 3 2 (s, 4H, 2xCH2), 5 9 (s, 2H, 

2xCH), 13C-NMR (CDCl3) 29 3 (2xCH2), 69 3 (2xCH), 195 5 (2xC=O) , MS, ~n/z 171 (M+ tCCHC12, lo%), 169 (M+ +2- 

CHCl2,62), 167 CM+-CHC12, 100), 141 (lo), 139 (16), 131 (12), 113 (19), 111 (30), 85 (39), 83 (59), 76 (U), 75 (lo), Anal 

C~U for C6H6CbO2 C, 28 61, H, 2 40 Found C, 28 5, H, 2 4 

l,J,(5gTe~chlomocran-2,7-dIone (9~): IR (KBr) 1733 (C=O) cm-l, ‘H-NMR (CDCl3) 17-175 (m, 4H, 

(=2Cff2CH2CO), 2 8-2 9 (m, 4H, 2xcH2CO), 5 8 (s, lH, 2xCH), ‘v-NMR (CDCl3) 22 8 (CH2CH2CH2), 34.3 (2xCH2CO), 

69 7 WH), 1% 7 QxC=O), MS, m/s 199 (M + t CCHCI2,4% ), 197 (M + t 2-CHcl2,21), 195 (M +-CHC12, 32), 169 (17). 

167 (x)9 123 (12), 113 (19), 111(12), 103 (18). 97 (19), 95 (ll), 91 (13). 89 (lo), 87 (II), 85 (63), 83 (lOO), 79 (3(l), 78 (12). 77 
(23), 76 (32), 75 (16), 67 (42), 56 (14). 55 (47). 53 (12), 48 (13), 43 (U), 42 (16), 41 (37), 39 (24), Anal Calcd for CgH&l402 

C,3432,H,360 FoundC,341,H,37 

~~~~~bmn~o-I,Bdrcl~lwooclo,~-~ 7-drone (Sbb) IR (KBr) 1728 (C= 0) cm-l, ‘H-NMR(CDCI3) 17-l 75 (m, 4H, 

m2m2CH2CO), 29-295 (m, 4H, 2xCH2CO), 5 9 (s, lH, 2xCH); WC-NMR (CDCI3), 229 (CH2CH2CHz), 34 4 

@CH2CO), 568 @CH), 196 5 @C=O); MS, n:/i 243 (Mt +4-CHBrCI, 14%), 241 (M+ +2-CHBrCl, 50), 239 (M + - 
CHBrCl, 401,213 (17), 211(16), 157 (18), 155(n), 131(28), 129 (94), 127 (78), 123 (22), 120 (12), 97 (19), 95 (13), 94 (II), 93 
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(lo), 92 (U). 91(11), 81(12), 79 (35), 78 (26). 77 (19). 76 (73), 68 (10). 67 (29). 56 (17), 55 (80). 53 (22), 52 (21). 51 (u), 50 
(23), 49 (21). 48 (49). 47 (lo), 43 (14), 42 (48). 41(100), 39 (93), Anal Calcd. for Cj3Hlt3Br2C1202- C, 26 05, H, 2 73 Found C, 

259;H,27 

l,l,~CTetmbmmooct an-2,7-d1one (8bc): IR (KBr) 1718 (C=O) cm-l; ‘H-NMR (CDCI3) 170-175 (m, 4H, 

CIf2CIf2CH2CO), 295-3 0 (m, 4H, 2xCH2CO), 5 8 (s, 2H, 2xCH), ‘w-NMR (CDCl3) 23 1 (CXf2CH2CH2), 34.3 

(2xCH2CO). 42.7 (2xCH), 1% 2 (2xC=O); MS, m/z 285 (M+ +2-CHBr2,5%), 207 (18). 205 (16), 175 (U), 173 (31), 171 (l2), 

125 (23), 123 (100), 122 (2l),Ul@), Izo (17). 107 (14)) 97 (38). 93 (51), 94 (17). 95 @), 92 (W, 81(39). 79 (39). 69 (W 68 
(lo), 67 (11). 56 (16), 55 (69), 53 (19), 43 (36). 42 (64). 41(70), 39 (4n Anal Calcd for C#@r4O2 C, 20 99, H, 2 20 Found 

C,207,H,21 

Repaml~on of t(DrJwlomethyi) pand Uactols I, 8 and 7-Hidmr)cl-(drhalomcrhyl)-2-he~~~~ 9. Geneml Pmcedun 
To a stured solution of la&one 6 (5 mmol) and dibalometbane 2 (10 mmol) m ether (10 ml) WBJ added a solution of LDA (10 

mmol) m Tf-W (lo@ durmg 5 mm at -78 oC After 20 min stirrii at tbe same temperature, the mixture was queacbed w& 
6N aqueous HCl(2ml) Then the solid was filtered, the tiltrate was exfracted wltb ether (3 x 5 ml), and tbe combined layers 
were drxd (Na2SO4) Tbe solvents were removed (15 torr) yieldmg the correspondmg products 7,s or 9. Compounds 7 and 8 

can be purdkd by recrutalla~on or by column chromatography (hexane/ether) Ytelds, meltmg points and Rf values are 

reported III Tables 3 and 4 Spectral and analykal data follow 

2-(D~chlorome~hy~)-2Jlydmryrelmhydrofumn (7aa): IR (KBr) 3354 (OH) cm-l, ‘H-NMR (CDC13) 19-2 2 (m, 4H, 

CH2CH2C), 3 8 (s, lH, OH), 4 O-42 (m, 2H, CH20), 5 7 (s, lH, CH), 13C-NMR (CDCl3) 24 4, 33 7 (CH2CH2C), 69 8 

(CH20), 75 4 (CH), 106 1 (COH), MS, m/z 157 (M+ +4-OH, <I%), 155 (M+ t ZOH, cl), 153 (M +-OH, cl), 87 (M+ - 

CHCl2, lOO), 69 (13), 45 (21), 43 (28), 42 (la), 41(21), Anal Cakd for C5H8Cl202 C, 35 11, H, 4 71 Found C, 34 9, H, 4 9 

2-(E~ochloromeU~yl)-2Jtydmxylchurhydromn (7ab): IR (KBr) 3362 (OH) cm-l, ‘H-NMR (CDCl3) 2 l-2 2 (m, 4H, 

CH2CH&), 3 0 (s, lH, OH), 4 O-4 2 (m, 2H, CH20), 5 75,5 8 (2s, lH, CH), 13C-NMR (CDCl3) 24 9 (CH2CH2CO), 34 3, 

34 5 (CH2COH), 64 2,64 4 (CH), 70 1 (CH20), 105 8,105 9 (COH), MS, m/i 201 (M + t 4-OH, c 1%), 199 (M + t ZOH, cl), 

197 (M+ -OH, cl), 87 (M t -CHBrCI, l@O), 45 (13), 43 (18), 42 (lo), 41 (14), Anal Calcd for CgHgBrC102 C, 27 87, H, 3 74 

Found C, 27 5, H, 3 9 

2-(D~brornomefJ?yr)-2-J~ydraryletml?ydro~um~~ (7ac) IR (KBr) 3365 (OH) cm-l, IH-NMR (CDCl3) 2 O-23 (m, 4H, 

CH2CH2C), 3 0 (s, lH, OH), 4 O-4 2 (m, 2H, CH20), 5 7 (s, lH, CH), t3C-NMR (CDC13) 25 0,34 7 (CH2CH2C), 510 (CH), 

70 1 (CH20), 105 5 (COH), MS, m/z 175 (CHBr2+4,2%), 173 (CHBr2t 2,4), 171 (CHBr2,2), 87 (M t -CHBr2, lOO), 45 (14). 

43 @), 42 (II), 41(16), Anal Calcd for CgH8Br202 C, 23 10, H, 3 10 Found C, 22 8, H, 3 3 

~-~mm~2-fd~chloromefhyl)-2-hydraryrelm (7ba) IR (KBr) 3426 (OH) cm-l, ‘H-NMR (CDCl3) 2 2-2 8 (m, 

2H, W2CHBr), 2 9-3 1 (m, lH, CHBr), 3 5-3 7 (Is, lH, OH), 3 9-4 7 (m, 2H, CH20), 5 9,6 2 (2s, lH, CHCIZ), t3C-NMR 

(CDC13) 34 8,35 1 (CH2CHBr), 46 7,52 5 (CHBr), 67 2,68 4 (CH20), 73 2,75 8 (CHCI;?), 102 7, 106 0 (COH), MS, N/Z 167 

(M + +2-CHCl2,58% ), 165 (M +-CHCl2,57), 122 (57), 120 (52), 87 (5), 85 (44), 83 (19), 76 (13). 75 (12), 57 (U), 55 (16). 41 

(10(J), 39 (z), Anal Cakd for CgH7BrC1202 C, 24 03, H, 2 82 Found C, 23 8, H, 3 0 

~-~m~~~o-2-(bm~n~hlorornefl~yI)-2-l?y~ (7bb): IR (KBr) 3400 (OH) cm-l, lH-NMR (CDCl3) 2 2-2 8 

(m, 2H. W2CHBr), 3 O-3 1 (m, lH, CHBr), 3 4-3 7 (m, lH, OH), 4 O-4 7 (m, 2H, CH20), 5 85,5 9,6 2,6 3 (4s, lH, CHBrCI), 

13C-NMR (CDC13) 34 7,35 0.35 4 (CH2CHBr), 45 9,47 5,519,53 3 (CHBr) 610,614,63 5,64 6 (CHBrCI), 67 0,67 1,68 1, 

68 6 (CH20), 102 5 102 4,105 7, 105 8 (COH), MS, m/z 167 (M t t 2-CHBrCI, 97%), 165 (M t -CHBrCI, loO), 139 (13), 137 

(14), 131 (CHBrCl+4,5), 129 (CHBrCI+2,16), 127 (CHBrCI, 12), 122 (69), 121 (13), 120 (as), 109 (13), 107 (15), 85 (35), 76 
(l3), 57 (16), 55 (19), 41(86), 39 (28), 31(13), Anal Cakd for CgH7Br2Cl02 C, 20 40, H, 2 40 Found C, 20 1, H, 2 6 

3-Bmmo-2-(drbmmomefhyJ)-2-hydmrylelmhy~~~mn (7bc): IR (KBr) 3430 (OH) cm-t, ‘H-NMR (CDCI3) 2 3-2 8 (m, 

2H, -2CHBr), 3 O-3 1 (m, 1H, CHBr), 3 9-4 8 (m, 3H, CH20 and OH), 5 8.6 I (2, IH, CHBr2), WC-NMR (CDCl3) 34 7, 

35 2 (a2CHBr), 46 6, 47 2 (CHBr), 50 3, 52 7 (CHBr2), 66 8,68 2 (CH20), 1017, 105 2 (COH), MS, m/2 175 (CHBr2t4, 

7%), 173 (CHBr2+5 14), 171 (CHBr2,6), 167 (M t t2-CHBr2, 92), 165 (Mt-CHBr2, lOO), 139 (14). 137 (16), 122 (52), 121 
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(14)~ f20 (55)~ 109 (141,107 (ti), 94 (l2), 93 (l2), 92 (12), 85 (25), 57 (15), 55 (18). 41(67), 39 (27), 31 (17), Anal CaIcd for 
C5H7Br302 C, 17 n; H, 2.08 Fouad C, 17 s; H, 2 2 

2-(D~hrouornelhyr)-2+dmxj+methyIfeanhydn@wi (7ca): IR (Elm) 3393 (OH) cm-l, IH-NMR (CDCl3) 1513 (2d, 

3H.J=62 and 6 1 CH3). 1.5-24 (m, 4H, CH2CH2), 3 2 (s, lH, OH), 4 2-4.5 (2m, lH, CHO), 5 70,5 75 (2s. lH, CHCIpJ *q- 

NI+fR (CD(&) 202,215 (CH3)), 32 0,34 0,34 4 (CH2CH2C), 75 4.75.8 (CHCl2), 76 9.79.5 (CH3CHO), 105 9,lDd 1 (COH), 

M&m/l 101 (Mt-CHC$47%), 87 (CHCl2t4, I2), 85 (CHCI2+2,52), 85 (CHC&Z, 51), 83 (CHCi2, loo), 76 (19), 59 (Es), 

57 (17)~ 56 (29)s 55 (70)s 53 (ll), 51(14), 50 (26), 49 (18), 48 (48), 47 (18), 45 (73), 44 (l2), 43 (94), 42 (39), 41(76), 40 (22). 39 
(68)s 38 (12)s 37 (12); Anal. Calcd. for C!,jH1oQ202 C, 38 W, H, 5 45 Found C, 38.7, H, 5 7 

2-(yhx_v~y&ef~h~ (7cb): IR (film) 3397 (OH) cm-l; ‘H-NMR (CDC13) 12, 13, 

14 (34 3H, J=6 1, CH3). 16-24 (m, 4H, CH2CHz), 3 2 (s, lH, OH), 4 3-4 6 (m, W,CHO), 5 73, 5,74, 5,75 5,76 (49, lH, 

CHBrCI); ‘*-NMR (CDCl3) zO.2, 21.5 (CH3), 32 l, 322,323, 34 1,34.3,34 6, 34.8 (CH2CH2), 64 1, 64 2, 64 6 (CHBrCI), 

76 S79.5 (CHO), 105.6,105.7,105.8 (COH), MS, m/i 131 (CHBrClt4,7%), 129 (CHBrClt2,26 ), 127 (CHBrCI, 21), 101 

(M+-CHBrCI, 63). 83 (18). 79 (lo), 76 (12). 59 (U), 57 (12), 56 (22), 55(59), 53 (11), 51 (ti), 50 (14), 48 (21), 45 (48), 44 (ll), 
43 (loo), 42 (3i), 41(63), 40 (30), 39 (59), AMI. Cakd for C&@flO2 C, 3140, H, 4 39 Found C, 312; H, 4 5 

2-(~b~0meihyf)-2hydmgGmethyitefmh~ clec): IR (f&n) 3397 (OH) cm-l; ‘H-NMR (CDCI3) 12,13 (26, 

3H, 3=6 1, CH3), 16-24 (m, 4H, CH2CH2), 3 1 (s, lH, OH), 4 3-4 6 ( m, lH, CHO), 5 70,s 75 (2s, lH, CHBr2), 13C-NMR 

(CDCI3) mq216 (CH3), 32.3,32 5,34 5,35 1 (CH2CHz). 511,515 (CHBr2), 77 0, 79 5 (CHO), 105 2,105 4 (COH), MS, 

m/s 175 (CHBr2+4,7%), 173 (CHBr2t2, l5), 171 (CHBr2,8), 122 (lo), 120 (lo), 101 (Mt-CHBr2, lOO), 94 (13), 93 (lo), 92 

(16),83 (28), 81(16), 79 (11), 59 (14), 57 (13), 56 (18), 55 (62), 53 (ll), 45 (60), 44 (lo), 43 (80), 42 (29), 41 (64), 40 (18), 39 
(52), Anal Cakd for qHloBr202 C, 26 31, H, 3 68 Found C, 26 1, H, 3 8 

2-(olchlonwnethyi)-2-h ydm@etdydqynzn @da): IR (fh) 3420 (OH) cm-l, ‘H-NMR (CDC13) 15-20 (m, 6H, 

CH2CH$H2C), 28 (s, lH, OH), 3.8-40 (m, W, CH20), 5 6 (s, lH, CH), 1X-NMR (CDC13) 184, 24 3, 29 4 

(CH2CH2CH2c), 62 2 (CH20), 77 6 (CH), 95.8 (COH), MS, m/z 126 (M t -C~HIO, lo%), 101 (M t -CHCi2, loO), 85 (17), 83 

(nh76 (ll), 59 (19), 57 (U), 56 (81), 55 (85). 43 (U), 42(16), 41 (44), 39 (23), Anal Cakd for C6HloC1202 C, 38 94, H, 

545 FoundC,387,H,56 

2-(Bromochloromer~~yl)-2-hydmxyrebrrhydr (8db): IR (film) 3426 (OH) cm-l, *H-NMR (CDCl3) I 5-2 0 (m, 6H, 

CH2CH2CH2C), 28 (s, lH, OH), 3 8-4 0 (m, 2H, CH20), 5 60, 5 65 (2s, lH, CHBrCI), 13C-NMR (CDC13) 18 5, 24 1, 24 2, 

29 5 29.3 (cH2CH2cH2C), 62 2 (CH20), 66 7, 67 1 (CHBrCI), 95 2, 95 3 (COH), MS, m/2 131 (CHBrClt4, 3%). 129 

WHBrClt5 14), 127 (CHBrCI, lo), 101 (Mt-CHBrCI, lOO), 91 (14), 83 (56), 76 (ll), 59 (15), 57 (30), 56 (45), 55 @I), 43 
(28), 42 (16), 41(2S), 40 (16), 39 (17), Anal Cakd for CgHloBrCl02 C, 3140, H, 4 39 Found c, 311, H, 4 5 

2-fD~b~momet~~yl)-2-hydmxyrehahydropymn @de): IR (film) 3441 (OH) cm-l; ‘H-NMR (CDC13) 15-2 0 (m, 6H, 

CH2CH2CH2C), 28 (s, lH, OH), 38-40 ( m, 2H, CH20), 5 6 (Is, lH, CH), I*-NMR (CDC13) 19 1, 244, 30 0 

(CH2CH2cH2C), 54 6 (CH), 62 7 (CH20), 94 9 (COH), MS, m/i 175 (CHBr2t 4,5%), 173 (CHBr2t 2, lo), 171 (CHBr2,5), 

122 (lo), 120 (IO), 101 (M’-CHBr, lOO), 83 (51), 59 (ll), 57 (22), 56 (U), 55 (66), 43 (21), 42 (11), 41 (17), 39 (ll), Anal 
Cakd for GjHlflr202 C, 26 31, H, 3 68 Found C, 26 1, H, 3 8 

IPI-Ddchlom-7-hydmryheptun-2-one @a): IR (film) 3387 (OH), 1729 (C=O) cm-l, ‘H-NMR (CDC13) 12-l 6 (m, GH, 

m2CJf2m2CH20), 26 (t, 2H, 1=72, CH2CO), 34 (t, 2H, 1=64, CH20H), 47 (s, lH, OH), 57 (s, lH, CH), 13C-NMR 

(CDC13) 23 5 24 8, 318, 34 9 (~2CH2CH2cH2CO), 618 (CH2OH), 69 6 (CH), 197 1 (CO), MS, m/i 115 (M + -CHCI2, 

14%,), 97 (26), 85 (14), 83 (17), 79 (U), 76 (12), 73 (17). 69 (lOO), 55 (41), 43 (2O), 42 (13), 41 (76), 39 (28), Anal Calcd for 
C7H12C1202 C, 42 23, H, 6 07 Found C, 42 0, H, 6 2 

I-BromPlzhloro-7-hydmryheplan-2dne (9b): IR (film) 3382 (OH), 1734 (C=O) cm-l, ‘H-NMR (CDC13) 13-l 9 (m, 

6H, w2m2m2CH20), 29 (t, 2H,I=7 2, CH2CO), 3 7 (t, 2H,I=6 5, CH20H) 5 2 (s, lH, OH), 5 8 (s, lH, CH), 13C-NMR 

(CDCl3) 23 5,24 8,319,34 8 (CH2CH2CH2CH2CO), 56 9 (CH), 62 0 (CH2OH), 197 0 (CO), MS, m/i 131 (CHBrCl+ 4,4%), 

129 (CHBrCIt2,16), 127 (CHBrCI, 12), 115 (16), 97 (28), 79 (16), 76 (21), 73 (U), 69 (80), 57 (12), 55 (46). 53 (14), 50 (ll), 48 
(17), 43 (28), 42 (a), 41(100), 40 (lo), 39 (68), Anal Calcd for C7H12BrC102 C, 34 52, H, 4 97 Found C, 34 2, H, 5 2 
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85 (CHCGL+Z 42)s 83 (CHC~, ‘%76 (l5), 69 (26), 65 (11). 63 (ll), 53 (24), 51 (18) 42 (26). 41 (lOO), 40 (27), 39 (90), 38 
(ll), Anal Calcd for C8Hl2CI2 C, 49 25, H, 6 28 Found C, 49 0; H, 6 5 

2-Al~l-2-(drcl~lworn~i~yI)-~m~yt~~h~~ imn &?a) Rf=O4 (he-), IR (8tm) 3079, 1642 (CH2=CH), 1078 

(co)an- ‘; ‘H-NMR (CDCCl3) 12 (2d, 3H, 1=6 0, CH3), 182.3 (m, 4H, CH2CH2C), 2 4-2.5 (m. W, CH2CH =C), 4 1-4 2 

(m, lH, CHO), 5 O-5 1 (m, ZH, cH2= CH)J 6,5 7 (2s, lH, CHCQ, 5 7-5 8 (m, lH, CH=CHd, *sC-NMR (CDC13) 20 55,20 6 

(CH3), 319.32 3,3385,33 9 (cH2CH2C), 410 (CH2CH=C), 77 4,77 6 (CHO), 77 9,78 5 (CHCl2), 87 9 (CO), 119 0, 119 2 

(CH2=CH), 132.5, 1326 (CH=CHZ), , MS, m/z 171 (M++CCH2CH=CH2, 4%), 169 (M++ZCH2CH=CH2, 28), 167 

(M+-CI-I~CH=CHZ, 43), 125 (14). 91 (lo), 87 (CHCI2+4,5), 85 (CHCI2+2,22), 83 (CHCI2,39), 77 (17), 69 (U), 67 (U), 65 
(14), 56 (12), 55 (30), 53 (22). 51 (l7), 43 (39), 42 (19), 41 (lOO), 48 (13), 39 (94) Anal C&d. for C9Hl4CI2O C, 5169, H, 

6 75 Found C, 514, H, 6 9 16 
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