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Abstract : The eaotonti 2a a_nd 26 tie c&$&~~ent otiy by the con .igwraA;ion 
R 

06 the carrbon 
me nnde-chain, bZpxeb9 q&e &~@wZ ,+&41he~ & t e tig condo&on. 
InnpecLon 06 the NMR spec&a 06 g!, compahed to g, bhom a evident beaning 06 the 
bLLtyho1actone hing and an axial ohcetiaa%on 06 the side-chain, which in a .new type 06 
tti hemote e66eot, lcLith the 3-m&hyl trans .to the b-id&-chht. Thede bpe& 4eatuh~b 

&be @am the &e&c in&ha&on w&ch loo&d OCCWL in the tleglLeah condohmtin beduem 
the 3-methyL and the bubb&tueti at C5. 

ULching the .5ynthw~ 06 Zhtio Lactoncb. a btJdU&g bt&Wocheticd behav.iouA h obbm- 

vcd .i.n Rhe cottie 06 the ad&ion 04 a cCti& &enic Ghignahd heagent to a ckihae &de- 
Hyde. oh. duting the hydride heduction v6 k.e*onti having tie n~ymme&ic WV&WA in a and CL’ . 

The structural determination of the lactones &, s and lc by X-ray diffraction and 

(or) mQ? in solution has shown a stereochemical remote effect of the configuration of the 

side-chain carbons on the ring conformation 
1 

: 

la Y=Br - 
Za Y = CM3 - 

lb Y=Br - 
2b Y = C!l, - 

lc Y=Br - 
2c Y=CH3 - 

ld Y=Br - 
2d Y=cH3 - 

In the case of &, the side-chain is equatorial and developed as a planar zig-zag, 

with an usual value 2 of the puckering of the tetrahydrofuran (TJJF) ring (r = 35’, in 
the crystal structure). On the other hand, the chain of the lactone Id is ax”ial ; it is 

- 
folded back over the ring and the ring is very flattened (rm = 26” : in the absence of 

3 subbstituents , the rm value is about 32”). This distinctive feature of Id is simply the - 
result of an l-3 interaction between Me-3 and Br-5 appearing when the molecular model is 

built with a planar C2-C6 chain, (fig. 1) similar to that observed in the molecule lc. - 

1617 
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H2 

Id lb - - 

Fig. 1 : Theforbiddenplanar zig-zag conformation of the side-chain in Id and lb. - - 

The lactone lb ought to exhibit the same behaviour in spite of a &uIYIA-(C~-C~)- - 
stereochemistry but this stereoisomer has not been obtained. Then, we have undertaken the 

synthesis of lactones 2, with methyls in the side-chain instead of the bromines. This 

substitution is interesting from two points of view. First, to show that it is not the 

polar but the steric effect of the bromines which is responsible of the Id inversion of - 
conformation and overall, it may be a way to obtain the stereoisomer 2&, similar to the 

missing tribromo-lactone 1 b. - 
The lactones 2, 2, & and their isomers 1 have been obtained by oxidation of the 

of the dihydrofuran compounds 4. _ Their structures were established by NER study and 

c!lemical correlation. 

2 : X = 11, Z = Br - 
3 - :X=Br,Z=H 

Scheme of Synthesis and Experimental Results. 

First, we have prepared the acetylenic alcohols I, by a Grignard synthesis. In spite 
4 

of its allenic structure , the organo-magnesium derivative 6 of the 3-bromo-1-butyne 

affords the acetylenic alcohols 7 (scheme 1). These alcohols have three asymetric centers, - 
hut a mixture of only three stereoisomers is obtained, wi.th a yield of 76% and a ratio 

about 7a/7b/7c = 58/30/12. --- 

‘Ihe two main isomers 7a and 7b were separated by GLC on Carbowax (84OC) and oxidized - - 
by the Jones reagent ‘. They gave two different ketones 8a and 8b The reduction of each - -* 
of these ketones by NaBH4 affords interesting results : the ketone 8b gives back its - 
starting alcohol 7b only, but 8a gives a mixture of 7a and z with a ratio 7a/7c = lo/90 - - - -- 
(scheme 2) : the alcohols 7a and 7c have the same relative configuration of the carbons - - 
C3 and C5. By oxidation and then reduction of the crude mixture of the alcohols 1, we 

have obtained a mixture containing 7c as the main isomer (7a/7b/7c = 7/21/72) with a - --- 
yield of 80%. The ketones 8a and, in particular, 8b are unstable. By heating or by -- - 
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cm_ aj3 G-f- 
J;CH-CH-CHO ether + CH3-CH=C=CH-MgBr - CH3, 

CH3 5 6 CH ' 

cI&H~CH~- 

3 7 
- 

Cl-i3 
CH 

a,b f CH3\ I3 

/ 
CH--cH 

CH3 
-b OH 

n 

1 c,d 

I T f g 
m3\ 

CH_ 

,CH-k&O- &H E 
CH3 

8 - 

4 - 

a) (iPr-CHCH3)2E%H, THF, -1O'C ; b) H202, NaCH, ; c) (CH3-CO)20, ether, pyridine ; 
d) pyrolysis at 200°C ; e) N-bronmwcinimide, EMSO, I$0 ; f) Jones reagent 

Scheme 1 

contact with silica, they give the allenic ketone 

The NiR spectra of the alcohols 2, 7b and 7c -- 

and (or) polymers. 

are described in table 

; g) NaBH4, 

1. 

In the second step, the hydroboration of the triple bond, followed by an oxidation 

(H202, NaOH) of the vinylic boranes leads to thehemiacetals 2 which are the cyclised form 
6 of the corresponding y-aldols . The pyrolysis of the acetates of 2 at about 200°C gives 

the dihydrofurans 4. Starting from each of two mixtures of the alcohols L, two mixtures - 
of the dihydrofurans 3, 4b and 4c were obtained with about the same composition as the - - 
alcohols, (yield 38%). These dihydrofurans have been separated by GLC on Silicone SE30 at 

96’C. Their NMR spectra are described in table II. 

By addition of bromine with N-bromosuccinimide in DXSO containing a trace of water, 

Table I : NMR spectra of the acetylenic alcohols 7 in C6D6 at 250 MHz (6 in ppm, internal 
TW, J in Hz, room temperature). - 

: 6Hl 
: (.nliln) i (.T~~~4) i (.G%) 

: 6HS : 6H6 : me3 : ales : Me6 : 6OH : 
: (.TIlS1-16) : (.nm+k6) : (.TmMe3) : (JlmeS) : : (JH4OH) : 

:-: :-: 
: 7a : 1.69 : 2.38 : 3.15 : 1.24 : 1.63 : 0.94 : 0.76 : 0.64 : 1.47 : - 

: (2.5) :_I~:l"___i_l_'l'I~__i_lll"l___~_~~~~~____~ (6.g) ____:_________: 
; (7.0) : 0.80 : (--) 

.__________ __________:______:_______-- 
; 

: 7b i 1.66 : 2.38 : 2.86 : 1.53 : 2.14 : 1.07 : 0.49 : 0.77 i 1.16 : - 

:____i__c2l”]___i_cf:4)___~_~~~~~___~_~~~~~___i_I~____~ (7*o) ; (7.0) ; 0.65 
.__________ __________ ---___ 

; (9.0) i 
__..______~ 

: 7c i 1.7 : 2.36 : 3.28 : 1.4 : 2.4 : 0.98 : 0.39 : 0.67 : 1.63 : - 

i (2.4) ; (3.5) .; (8.5) i (2.8) ; (6.8) ; (6.81 ; (7.0) i 0.78 i (3.0) i 
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8a 

8b - 
Scheme 2 7b 

Table II : NMR spectra of the dihydrofuran compounds 4 in C6D6 
at 250 MHz (6 ppm, J in Hz, internal ‘IRS).- 

: 
: 6H5 I 6H4 i AH3 ; 6H2 ; 6Hl' i &HZ' i me3 I Mel 16Me2' I 
: (JHSHJ) : (JH4H3) : (JH3H2) :(.JHZHl'):(JHl'HZ'):(JHZ'kZ'): (JH3pC3) : (JHl ‘Mel’): 
: (JHSHj) : 

:-. 
: 4a i 

:------: :------z 
6.30 : 4.76 : 2.69 : 4.12 : 1.37 : 1.82 : 1.04 : 1.04 : 1.02 : - 

; $?.5? ; (2.51 ; (7.5) ; (4.75) f (4.9) ; (6.8) : (6.5) j (7.5) ; 0.96 f 
(L.3, 

_---:_________: ---_-____:_________~_____--_~ _-_-_-_-_:__________:__________: ____-----_:______: 

i fl& f 6.30 j 4.77 4.02 

: (2.7) 1 (2.7) 
j 2.69 ; ; 1.70 ; 2.22 ; 1.07 ; 0.76 ; 0.96 ; 

: (6.7) : (8.6) : (4.3) : (6.9) : (6.7) : (7.1) : --- 
: (2.1) : 

:----:__-____-_:---______ ._________ 
i 2.52 

: -------- :-________:____----__ :___------_:-___--____.----__. 
: 4c : 6.36 : 5.0 : 4.05 : 1.96 : 2.48 : 0.89 : 0.71 1 1.01 1 - 

; y; i (2.9) i (7.7) i (11.2) j (3.1) ; (7.0) ; (6.7) ; (7.0) ; --- ; 

the bromohydrines are obtained An oxidation with the Jones reagent affords the corres- 
8 ponding lactones 2 and 2 . The LJUUM dihydrofurans 4a and 4b give a mixture of two lac- - - - 

tones (2a/3a = 70/30 and 2b/3b = 65/35) but the &A dihydrofuran 4c gives only one lac- -- -- - 

F ~ 
2a + 3a ?!? 2b + 3b 

G/30) 65/35) 
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Table IIT : Mf!-? spectra of the bromlactones 2 and 2 in CD3COCD3 sBr 
: 6H2 : 6H3 : 6H4 : 6H5 : 6H6 : 61ik6 i 
: (JHZH3) : (JH3H4) : (JH4H5) : (JHSH6) : (JH6Me6) 

i (Jl?& 
: 

(ES) 
: ---- :cond. : 

:-: : g : 4.28 : 2.54 : 4.66 : 1.65 : 1.76 : 1.15 : 0.89 :-i : 0.93 500 Mz i 

‘_‘“l’“‘__i_c”l~l___i (2.25) ; (5.75) : (6.75) : (6.5) 
--__: ._________ _-____--_:__________:__________: 

: 3a I -. 4.37 : 2.54 : 4.65 : 1.69 : 1.84 : 0.98 : 0.94 : 0.97 : 500 MHZ i 

i (10.75) j (9.75) i (2.5) ; (5.25) i (7.0) ; (6.5) ; (7.0) ; 0.92 : 

: . 
: 2b i 4.83 : 2.67 ; 4.20 ; 1.81 ; 2.05 i 1.30 ; 0.97 ; 0.90 : 250 MHz 1 - 
:____;_ifirfj’__i (7.6) ; (7.6) 

‘_________ ____-____: ._______._______d-: 

: 3b i 4.67 : 2.6 : 4.20 : 1.81 : 2.05 : 1.36 : 0.96* : 0.88* : 500 MHZ i 

- : (9.75) : (8.1) : (8.1) : (4.0) : (7.0) : (6.8) : (7.0) : : 0.94* 

:-: : 2c : 4.38 : 2.74 : 4.60 : 1.88 : 2.10 : 1.13 : 0.84 '-i : 0.93 250~~ i 
- 

; (0) ; (4.25) ; (11.25) ; (2.9) ; (7.0) ; (7.25) ; (7.0) i 1.02 ; 

* Interchangeable 

Structures of the Lactones and Discussion 

Sticfy 06 the bmmo-.&x&one 3, obtied &om 4c ': - 
The coupling constant JH2H3 = 0 Hz observed in the IWR spectrum of 2c (table III) - 

indicates that Br2 and Me3 are tiandessentially axial, : the molecule is in a single 

conformation. Then, the coupling constant JH3H4 = 4.25 Hz is Cib,with H3 equatorial and 

H4 axial : the side-chain is equatorial. I?e observe also that H4 and H5 are antiperipla- 

nar with a large coupling constant (11.25 Hz). The nuclear Overhauser effect (YOE) shows 

that Me3 interacts with H2 and H5 and that Me5 interacts with 

tions allow us to propose for 2c the following stereochemical - 
ture : 

H5 
Me3 

.iPr -Me5 

+ 

H3 

H2 
I 

H4 

Br 

2c - 

H3 and H4. These observa- 

and conformational struc- 

The methyl group and the side-chain on C3 and C4 being cisin the starting dihydrofu- 

ran &, the electmphilic entry of the bromine has taken place only by theopposite face 

and the lactone 3c is not observed. - 
A comparison. of the lactone & and the tribrm-lactone lc shows that the coupling - 
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constants in these two molecules have exactly the same values 
1 

. 

Stiy 04 ~Yze k&ones 2a and 3a otized @om 4a. - - - 
The two large values of the coupling constants JH2H3 and JH3H4 in 3a (10.75 Hz and - 

9.75 Hz) show that H2, H3 and H4 are axial : in &, Br, Me3 and the side-chain are all 

equatorial. The relative configuration of C3 and CS is the same as in 2c but now, H4 and - 

H5 are in a gauche position (JH4H5 =2.5 Hz). The coupling constants in & are very simi- 

lar to those of 2, except for JIlZH3 = 6.25 Hz : Me3 and Br are ci.4 with an axial bromine 

and the rest of the molecule is in the same conformation : 

2a 
cH3 - 

:X=H,Z=Br 

3a : X = Br, Z = H - 

Z 

In these three molecules, the side-chain is equatorial and there is no 1,3-interac- 

tion between the t\co methyl groups at C3 and C5. 

.%udrj 06 the Lactorm 26 and 36 oba%ned @om 4b - - - 
In the lactone 3b_, the coupling constant JH2H3 = 9.75 Hz shows that H2 and H3 are 

Lkz.n4 and biaxial, but JH3H4 = 8.1 Hz is not acharacteristic value. The NOE determination 

in this lactone shows an interaction between H2 and H4 which reveals that H2 and II4 are 

tin and, at least partially, biaxial. The low value of JH3H4 = 8.1 Hz for a biaxial cou- 

pling constant may result from a flattening of the ring (similar to that observed for Id) - 
combined with a rotation of the side-chain (fig. 2). 

(pJ--g *Z&H 
H5> H4 

iPr 3b 
HZ CH3 

- 

Fig. 2 : NOE and conformation of the lactone 3b. 
: (Irradiation of H4 gives also G effect on H5, and less important, on H6). 

This behaviour is more evident for 2b in which the RnavLb coupling constant JH3H4 = - 
7.6 Hz has an intermediate value. In these two molecules, the NOE shows that Vi3 

interacts with H4, with H2, but not with H5. 

None of these lactones has crystallised, but especially for 2&, it is quite evident 
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Fig. 3 : Lactone Zb (conformation and observed NOE) - 

that its structure should be similar to that observed for Id, with probably an axial 

side-chain, folded back over the ring, which reduces its puckering and cancels the NOE 

of Me3 over H5 and H6. 

Stereochemistry of the formation of the alcohols 7. - 
The structure of the alcohols 3, 7&, 7c is deduced from that of the lactones. The - 

stereochemistry of their fomlation may be tentatively discussed by consideration of 

steric effects during the approach of the allenic Grignard reagent having an axial chi- 

rality and the aldehyde having anasynnnetrica-carbon. Twoasylmnetriccentres are created 

during the reaction. A good interpretation of the experimental results is obtained by 
9 

application of the Cram Rules . Taking the aldehyde (of R configuration in the scheme) 

in the conformation A, we may consider four different 

Br 
I 

approachs : 

Br 

There are two different approaches by the Re-face and two by the S-face, according 

to the position of H or Me of the allenic reagent toward H or C*of the aldehyde. The 

approach by Re-face of the aldehyde (58% 7a) is better than by the .%-face (42%, 2 + &) - 
but the conformation of the isopropyl group with hydrogen toward the S-face makes the 

formation of 7c (12%) easier than that of the missing alcohol (2, 0%). - 

The Felkin-Anh model 10 is also well appropriate to explain why 7a is predominant - 
over 7d (58/O) or 7b over 7c (30/12) but we have not succeded to explain why the forma- - - - 
tion of 7d (0%) is less probable than 7c (12%). More elaborate study seems necessary. - - 
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l"/ Approach by the S.L-@~C 2'/ Approach by the Re-&zce 

Br 

With regard to the reduction of the ketones & and 8&, a 

of the results may be obtained with a model directly related 

large group on C5 is undoubtedly iPr. On C3, we retain Me or 

between LPr and Me may be too unfavourable : 

satisfactory interpretation 

to the Cram's Pule. The 

CXH, because the interaction 

For 8&, the hydride addition by the rear face is the favourable process in the two 

cases (-+ 100% 7b). For &, the addition by the front face is only favoured in the first 

conformation (y 7c/7a = 90/10). -- 

Con&&.vn : we have obtained the two lactones 2a and 2b having very different NR _- - 
spectra in solution, corresponding to a change in the ring conformation, due to the 

steric interaction between the methyl groups at C3 and CS. This is a new case of the re- 

mote stereochemical effect of C5 on the ring conformation, already observed with a side 

chainci6toMe3. 

During the synthesis of these lactones, we have observed two interesting stereochemi- 

cal behaviours in nucleophilic additions to carbonyl groups when IXI chiral ontities 
are concerned : 



- a chiral allenic Crignard. reagent with an aldehyde having 

- an hydride with a ketone having two asymetric centers. 

The two cases give rise to ‘very diastereoselective processes. 

Experimental Section. 

1625 

an asymetric center, or 

Synthesis of the acetylenic alcohofs 
The Grignard reagent of 3-b&onto-l-blltgnne (E76 = 91-9Z°C) was prepared in dry ether 

4b 

and the 2,3-clGnP;thy~-b&zn& (E = 109 C) was gdded at -2O’C : 9 g (0.09 mol) of the 
aldehyde, dissolved in 27 ml 6thz!$ are added to 0.11 mol of the Grignard reagent. The 
mixture is stirred Ih at -20°C and then neutralised with a solution of 10% acetic acid. A 
mixttire of three alcohols was purified by distillation (El5 = 80-85’) with a yield of 76% 
(10.5 g) and separated by GLC on Carbowax (84’) : 

(5) (3R,4S,SR)*3,5,6-~~~~~-~~~-?-~n-4-*~ 
(it) (3R,4S,SS)*3,5,6-Rhime&@-hep.&I-yn-4-0~ 
(~)(3R,4R,5R)*3,5,6-ti.&&hy~-hep&I-yn-l-o~ 17c) 

LW? spectra are described in table 1. IR(neat) : 2105 - 2110 (C-C), 3290 - 3295 (XX) 
and 3380 - 3440 (OH) cm-l. 

Synthesis of the acetylenic ketones 
A sample of 947 mg of the alcohol ja was obtained by GLC on Carbowax and dissolved in 

18 ml acetone. The Jones reagent (13 ,lB Na Cr 0 
added drop by drop at 0°C on stirring until we 2 2Z 

+ 20.4 g H SO 96% + 75 ml H 0) was 
btained a re t? $ c loration. The 8 xcess of 

reagent was then neutralised with 2-propanol . After evaporation of the acetone, the residue 
was diluted in ether and washed with water. By drying and evaporation of the ether, r*-e 
obtained 929 mg of the ketone 8a which was directly analysed by GLC on Carbowax at 80°C. 

(*) (3R,SR)*3,5,6-tiet~y~~e~-zt-I-yn-4-one 8a C H 0 (W+ = 152.1206 for 152.12011 
talc). IR (neat) : lXO(CO), 2105 (CC), 3300 (m7 c&~~!~I@E (C D 
selective decoupling, 6 ppm, JHz, ‘IMS) 

250 MHz attrib. by 
: 0.79 (d, 6.7 Hz, 3H);606& (id.);‘l.ll (id., 

Me-S) ; 1.33 (d, 7Hz, 3H, Me-3) ; 1.96 (m , lH, H-6) ; 2.82 (quint., 6.7Hz, lH, H-5) ; 3.15 
(dq, 3 and 7 Hz, lH, H-3) and 2.01 (d, 3Hz, 1H). 

The same procedure applied to 260 mg of the alcohol 7b gave about the same yield of 8b. 

(+)(3R,SS)*3,5,6-.&&ethy~-e-he@-I-yn-l-one 8b C H K IR(neat) : 1710 (CO), 2110 (CF 
weak) 3300 (Cr-r) cm-l 
(id.); ‘1.07 (d, 6.9 Hz, 

RMN (C D 250 NH2 6 ppiii &ill l&S, : 0.86 (d, 6.7 Hz, 3H); 0.93 
3H); $.Iii (d, 7.1’Hz, 3Hj; 2.67 (quint., 7.1 Hz, 1H); 3.17 (dq, 3 

and 7 Hz, lJ-I) and 2.05 (d, 3 Hz, 1H). 
The two ketones have different retention times on Carbowax @, 24 min. and g, 27.5 

min.). When the reaction was performed with the crude mixture of the alcohols, we obtained 
the mixture of the two ketones, but we did notsucceedany separation [distillation, TLC on 
silicaj and, by equilibration, we obtained the allenic ketone as the major product : 

3,5,6-tie,&y1-hep&- l, Z-dien-4-one. IR (neat) 
19501, 3045 (=CH ) cm-l. RMN (C D 

: 1665 (CO), 1925 (=C=, shoulder at 

(id.); 1.12 (d, ? Hz, 3H, Me-S): 6’ 
250 MHZ, 6 ppm, JHZ, b(S) : 0.92 (d, 6.8 Hz, 3H); 0.97 

allenic system at 1.91 and 4.7 ppm 
2.06 (m, IH, H-6); 3.11 (m, lH, H-S] and the A3X2 

(3 Hz). 

NaBH4 
The reduction of the acetylenicketones gave good yield only by the procedure with 

: the ketone 8a (929 mg) is dissolved in 8 ml of CH M and NaBH4 (116 mg) is dissol- 
ved in 1.7 ml of Hr The reaction is performed at O*C an 
hols 7a + 7c (10/96). 

a give about 870 mg of the alco- 

- - 
Synthesis of the dihydrofuran compounds 6P ” 
The flask containing 4.405 g (0.116 mol.) NaBH in 150 ml ‘IliE& 20.61 g (0.294 mol.) 

of Z-methyl-Z-btiene and a magnetic stirring bar, i cooled at -10 C and kept under static -2 
pressure of nitrogen. From a first pressure-equalizing dropping funnel, a solution of 
18.5 ml (0.147 mol.) of freshly distilled BF -O(C H ) in 18.5 ml of ‘II-IF is added drop 
by drop. The mixture is stirred 3h at O*C and ?hen 2c&&ed at -lO°C. From a second funnel 
a solution of 9.18 g (0.0584 mol.) of the acetyler& alcohols in 20 ml lHF is added slo-’ 
WIy. The reaction evolves 1280 ml (0.571 mol.) of hydrogen. After stirring lh at -1O’C the 
products were filtered and the filtrate poured in a solution NaCH,lN 1347 ml) and oxidized 
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with 90 ml H 0 15%. The solutionis left overnight at.0 to -lO'C, then saturated with 
NaCl, filte&d2hd worked ug with ether and watersaturatedofNaC1. The 2-tiopetdanol is 
distilled of (El5 = 35 - 40 C). 

The residue of the crude hemiacetal is diluted with 12 nil ether, 12 ml pyridine and 
24 ml acetic anhydride and left one night at 3'C. After evaporation of the solvent, the 
product is pyrolysed at 2OO'C (100 mmHg) (E - 108 - llO'C, 5 g with 70% purity obser- 
ved by NMR, corresponding to about 38% yield?? The three isomers are purified directly 
by GLC on Silicone SE30 at 96°C (tR = 16.4 min fore, 17.8 min for 4b and 20.2 min for 
4~). C10H180 (SM : M'+= 154.1363@), 154.1361 (9) and 154.1361 (%)-for 154.13576 talc.). - 

Preparation of the a-bromobutyrolactones 
In a flask containing 173 mg (1.132 m mol) of the dihydrofuran compound in 0.9 ml 

DMSO with 40 ~JI H20 (s 2 equiv.) (O'C, N2), the N-bromosuccinimide (398.9 mg, ru 2.24 m 
mol) is added all at once, under vigourous stirring. The solution becomes orange. After 
15min, a solution NaHCO is added until decoloration. After extraction with ether& the 
crude product (274 mg, 37%) is oxidized with the Jones reagent 5, in acetone at 0 C. The 
product (184.7 mg) is a mixture of two lactones (2a + 3a or 2b + 3b) or one pure lactone 
(3~). In case of mixture, the two lactones are separated by Bin Eyer chromatography on 
Snica (light petroleum/ether = 90/10, 3 elutions). C10H,702Br (SM : bl’+ = 248-250). 
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