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Abstract : 1,2-Metallate rearrangements were performed on a-(carbamoyl)alkenyl stannane 6 with high yield in alkyl 
transfer to give 10 after quenching with M d  ; disappointing results were obtained for preparation of l l  and 2b. Using 
dihydrofuran 1J, optimized conditions were found to realize 1,2-stannyl and 1,2-(stannyl)vinyl transfers, and 
methylation, leading to stannyl derivative 15 and stannyl diene 16 in good yields. 

In our project toward the total synthesis of macrocyclic antibiotics such as tylosin l a  or des-epoxy- 

rosaramycin l b  1 (16 membered macrolides), we took interest in developing a general method for the construction 

of the western CI0-C15 moiety 2. In order to obtain the required fragments 2a or 2b, a stereospecific synthesis 

of trisubtituted alkenes was explored according to Kocienski's procedure, 2 involving a 1,2-metallate 

rearrangement of a ct-(carbamoyl)alkenyl cuprate 3, or a cyclic ot-alkoxyalkenyl euprate, dihydrofuran series. 
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tylosin l a  

R = O-mycinosyl, R' = 4-(mycarosyl) mycaminosyl 

des-epoxy-rosaramycin  l b  

R = H, R' = 4-(mycarosyl) mycaminosyl 
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western Part 

2a R = OH 3 

2b R=H 

Our synthetic interest in this reaction was to realize a (stannyl)vinyl transfer to carbamate enol ether 6 in 
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order to obtain the desired stannyl diene 2 in a stereospecific manner. For an approach of fragment 2b, the vinyl 

carbamate precursor 5 was obtained in 90% yield 3 using the Hoppe's homoaldol reaction 4 ; after protection of 
the secondary alcohol, further lithiation and trans-metallation with SnMe 3 led to vinyl stannane 6. 

According to Kocienski's results 2, higher order (H.O.), alkylcyanocuprate 7a 6 reacted with vinyl- 

stannane 6 to give pure (E) butyl derivative 10 in 80% yield. 

When we tried to extend this 1,2-metallate rearrangement to the use of (stannyl)ethylene euprate 9, 

prepared from trans 1-1ithio-2-tributylstannyl ethylene 5 (trans-LiSE), the desired stannyl diene 2b was produced 

in poor yields, less than 5% for the OTBS derivative and 10% for the OMe compound. 

Thus we decided to look at the reactivity of H.O. stannylcuprate 8a 7 in order to obtain the vinyl 

stannane 11 which could be a precursor of stannyl diene 2b; unfortunately this reaction did not lead to the 

stannane 11. 

(iPr)2NOCO 

~CHO i ~0 
~ O C O N ( i P r )  2 ~ ii b 

I S R RTBS 4 = 
R= Me 

1 R' (iPr)2NOCO~ SnlVle3 

iii or iv 
" vi [*"'~OR 

10 R' = Bu, R =TBS, Me, 80% 
11 R' = SnBu3, R = Me, 0% 

vi 

6 

(iPr h NOC~,~ SnMe3 

R -- Me 

Me [[/SnBu3 

.Y 
2b R=TBS 3% 

R = Me 10% 

i) a) n-BuLi, TMEDA, Ti(OiPr)4, EtCHO, 90% ; b) TBSTf, lutidine, >95%, or Nail, MeI, 
70%; ii) t-BuLi, Me3SnCI, 90%; iii) 7a, THF-Et20 1: l, -10"- 5"C--> 5"C, 20min ; iv) 8a, 
THF-Et20 1:1, -10"-5"C-->50C, 2h ; v)9 ,THF-Et20 1: l, -20"C--> 5"C, 2h; vi) MeI, 
-300C--> rt, 4h. 

Bu2Cu(CN)Li2 7a ; (Bu3Sn)~u(CN)Li2 8a ; 

(/Bu3Sn ~,.~ 
2 ( Bu3Sn ̀ + BuLl) + CuCN --> \ ]Cu(CN)Li2 9 

"~SnBu3 - - -  2 

These disappointing results constrained us to focus on a dihydrofuran approach. As expected, 2 lithium 

or stannyl derivatives 13, 8 obtained from commercial dihydrofuran 12, gave good yields in alkyl transfers with 

H.O. or L.O. cyanocuprates 7a and 7b, leading to 14 (Entries 1-3, table). 

For stannyl transfer, H.O. stannylcuprate 8a, 7 afforded the desired vinyl stannanne 15 as a single E 
isomer ; yields ranged from 72-77% yields when 1.9 to 3.0 equivalents of Bu3SnLi were added for the 

preparation of cuprate 8a, and increased to 85% when 4 equivalents were used (Entries 6-8, table). Stannyl 
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transfer leading to 15 were also performed in the same manner with Lipshutz’s H.O. mixed cyanocuprate 8b 9 in 

75% yield, (Entries 4-5 table).10 

CL I . . . 
111 

0 x- 

(12 X=H 14 R=Bu 

’ L13a X=Li 
> ii 

1,Zmetallate rearrangement 15 R-SnBq 

13b x=snh@ 16 R = /% 

i) I.leq t-BuLi, - 65”C--> OT, Ih ; ii) 13a, Me,SnCl, - 65”C--> @‘CT, Ih ; iii) “cup&e” see table I ; 
iv) MeI, -3O”C--> rt, 4h, or D20. -3O”C--2 n, I h 

Having obtained high yields using alkyl and stannyl cuprates, we next turned to the (vinyl)stannyl 

transfer designed for our synthetic purposes. Therefore we first tried the H.O. cyanocuprate 9 resulting from 

addition of 1 .O equivalent of CuCN to 1.8 equivalents of rrans-LiSE, 1,2-metallate rearrangement took place and 

provided stannyl diene 16 in 66% yield; better yields were obtained when the nuanr-LiSE derivative was prepared 

by treatment of trans-1,2-di(tributylstanny1) ethylene (rrans-DSE) with 1.4 equivalents of BuLi. 

Entry X Cuprate. Yield 12 -->14 Yield 12 -->lS 
R=Bu R = SnBu, 

I SmB 

I I 

Bu&u(CN)Liz ‘la : l.leq R’=MetE% 

2 Li Bugu(CN)Lil 7a : 1. leq R’=Me82% 

3 Li BuCu(CN)Li, 7b : l.leq R’=Me83% 

4 Li (Bu,Sn)(Bu)Cu(CN)Li2 8b : leq Bu+Zu(CN)Liz + 2.Oeq BujSnH ** R’ = Me 53% 
5 Li I . + 2.Oeq Bu$mH R’=Me75% 

_._.._.___ ._________. _______.__._._.___..____________________.~..~..-.-...-.-~-..-.-.---.-.~.-.-~-.~.-..--.-.--~.-...-..~~. .____________.___.__ 

6 Li (Bu$n)$u(CN)Li2 8a : leq CuCN + 1.9eq Bu&Li R’=Me 72% 

7 Li I 8a: ” + 3.Oeq Bu$nLi R’=Me 77% 

8 Li I 8a: ” + 4&q Bu$hLi R’=Me 85% 

1 I 
Cuprate’ 

Yield 12 ->16 

R =\=\_u 
3 

9 

10 

Li (Bu3Sn~u(cN)L,, 9 : 1eqCuCN + 1.2eq Bu$hFLi R’=D 40% 

Li . 9: I + 1.8eq I R’=D 66% 
__________ __________. _____.___.__.___._._....~.~...__...._._.................~........~..._..~...~...~.....~..~~..~......~. . ..__._._._.__.._._. 

11 
12 
13 

Table * All reactions were carried out in a 1: 1 mixture of THF- Et20; for stannyl derivatives, yields are given 
after chromatography (Al203). For entries 1-3, reaction was performed at -SC--> 0°C for 30min; for entries 4- 

8, -5T -->oOC for lh 30min ; for entries 9-13, -2O’C --> 0°C for 2h. ** For entry 4 pure THF was used. 
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Finally the  easier and more convenient  Lipshutz's exchange method 11 was preferred, and 1.8 

equivalents of  t rans-DSE were reacted with 1 equivalent of  Bu2Cu(CN)Li 2 to afford cuprate 9 which, on reaction 

with 13, led to the desired starmyl diene 16 3. Yields improved to 80% when 4 equivalents of  DSE were used 

for the preparation of  9 (entries 11-13, table). In good agreement with previous observations in alkyl transfer 

induced by the CuBr-Me2S reagent 12, it seems that the 1,2-metallate rearrangement required four equivalents of 

the metallated species, with respect to Cu content, to give optimum yields. 13 

Results in this study have shown that the 1,2-metallate rearrangement was efficient when applied to 

dihydrofuran derivative, instead of  ( o~-carbamoyl)alkenyl stannanes, especially for  stannyl or (stannyl)vinyl 

transfers which ff~orded pure (E) vinyl stannane 15 and (E,E) stannyl diene 16 in a stereospecific manner. 

Applications o f  this reaction to the synthesis of  the western parts of  tylosin l a  and des-epoxy- 

rosaramycin l b are currently in progress. 
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