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Total Synthesis of (f)-Udoteatrial 

Summary: The marine natural product udoteatrial was 
shown by total synthesis to be 18, epimeric at C-7 with the 
structure previously reported. 

Sir: In 1981 Faulkner' reported the isolation of the an- 
timicrobial diterpene udoteatrial from the alga Udotea 
flabellum. Assignment of structure 1 for this natural 
product was based on spectral analysis of the derivative 
diacetate 2 and its degradation products since, as would 
be expected, 1 was found to be a readily interconverted 
mixture of stereoisomers. Our current interest in the 
synthesis of a number of mono- and sesquiterpenes such 
as xylomollin2 and allamandin3 with similar functionality 
led us to investigate the total synthesis of 1. 
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We chose to start with ketone 3, a readily available 
material that we have used extensively in terpene syn- 
thesis. The general strategy would then require the endo 
addition of both a one-carbon aldehyde equivalent a t  C-34 
and the side chain at  C-7, with ozonolysis of the double 
bond revealing the C-1 and C-19 aldehydes. 
Our scheme for the synthesis of 1 was based on the high 

degree of selectivity for addition of reagents from the exo 
face of a cis-bicyclo[3.3.0]octane at  the positions adjacent 
to the bridgehead (Scheme I). Thus, hydroboration of the 
diolefin 4 with 1 equiv of di~iamylborane~ proceeded ste- 
reo- and regioselectively to give exclusively the endo alcohol 
5.6 Of many methods tried, only the use of a large excess 
of PDC' was found to selectively oxidize 5 to the corre- 
sponding acid 6 without extensive epimerization. The endo 
substituent a t  C-3 was now used to stereo- and regio- 
chemically direct oxidation in the opposite ring via Nico- 
laou's (phenylseleno)lactonization/elimination procedures 
to form the unsaturated lactone 7 in 94% overall yield. 
Reduction of the lactone with diisobutylaluminum hydride 
in toluene at  -78 "C followed immediatelyg by Wittig 
methylenationlo in the same solvent a t  90 "C afforded the 
olefin alcohol 8 in 76% yield. Curiously, a variety of 
olefination procedures performed on the isolated inter- 
mediate lactol gave inferior results. 

Claisen rearrangement of acetatell 9 as the tert-butyl- 
dimethylsilyl ketene acetaP afforded the silyl ester 10, 
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All reactions were carried o u t  under argon. (a )  ( i )  NaH 
(1 .2  equiv), Me,SO, 50 "C, 4 h ;  (ii) Ph,PCH,I (1.25 equiv), 
1 h, (iii) 3,  50 'C, 4 h (100%). 
(2 .65  equiv), BH, (1.3 equiv), THF,  0-25 'C, 2 h ;  (ii) 4 ,  25 
'C, 4 h,  (iii) H,O,, NaOH, H,O (96%). 
chromate (8 equiv), DMF, 1 2  h (78%).  (d )  ( i )  PhSeBr (1.1 
equiv), CH,Cl,, -78 to 25 'C, 8 h ;  (ii) mCPBA (5 equiv), 1 h 
(94%).  (e)  (i) DIBAH (1.5 equiv), toluene, -78 'C, 2 h ;  (ii) 
( a )  t-BuOK (8 equiv), toluene, Ph,PCH,I (8.1 equiv), 90  OC, 
2 h ,  (b )  rapid cannula transfer of DIBAH reaction mixture, 
8 h (76%). ( f )  4-Pyrrolidinopyridine (0 .05  equiv), TEA ( 2  
equiv), Ac,O ( 2  equiv), 0 'C, 5 min (94%). ( 9 )  (i)  i-Pr,NH 
(1.39 equiv), THF,  n-BuLi (1.26 equiv), HxH, 25 OC, 1 h, 
(ii) -78 OC, 9, 10  min, (iii) TBSCl (1.39 equiv), HMPA, 10 
min. ( i)  (i) LiAlH, (8 equiv), 
Et,O, 0 'C, 1 h, (ii) minimal saturated aqueous NH,C1. 
( j )  TsCl ( 2  equiv), pyridine, 4 'C, 8 h (85% from 9). (k) 
(i)  0, (excess), MeOH, -78 "C. (ii) Me,S (5  equiv), -78 t o  
25 'C, 8 h (48%).  (1) ( i)  Cl,ZrCp, ( 5  equiv), ClCH,CH,Cl, 
Me,Al ( 1 5  equiv), 25 "C, 2 h ,  (ii) 1 5  (5.1 equiv), 25 'C, 8 h, 
(iii) removal of volatile compopents in vacuo (0.5 mm, 50 
'C, 2 h) ,  (iv) extraction with HxH and filtration, ( v )  n-BuLi 
(4.9 equiv), HxH, THF, (vi) 12, 50 'C, 48  h, (vii) aqueous 
HCl (56%). (m)p-TsOH (0 .1  M), 4:2:1 THF/H,O/acetone, 
50 'C, 1 2  h. (n )  4-Pyrrolidinopyridine (0.05 equiv), TEA 
( 2  equiv), Ac,O ( 2  equiv), 0 "C, 5 min (58% f rom 15). 

with the first two carbons of the side chain at  C-7 intro- 
duced specifically endo to the [3.3.0] framework. Reduc- 
tion of the ester and tosylation of the resulting alcohol gave 
11 in 85% overall yield from 9, setting the stage for the 
introduction of the remainder of the side chain. 

Cleavage of both a-bonds in 11 with ozone in methanol 
released the three desired aldehyde groups, conveniently 
obtained directly from the ozonolysis in protected form 
as the cyclic mixed acetal system found in 12. Attempted 
introduction of the remainder of the side chain by coupling 
with either the cuprate or Grignard reagent derived from 
the appropriate vinyl iodide 1413 resulted only in the 
displacement of the tosylate group by iodide. Alterna- 
tively, zirconium-catalyzed carboalumination of acetylene 
1514 followed by reaction with n-butyllithium provided an 
ate complex that coupled with the tosylate in a stereo- and 
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regioselective manner to produce 13.15 Hydrolysis of the 
acetals followed by acetylation afforded a major diacetate, 
which was not identical by lH and 13C NMR with that 
derived from the natural product.le 

In light of our unambiguous synthesis of 2, it appeared 
that the original structure assignment for this derivative 
of udoteatrial, and hence the natural product, was incor- 
rect. The assignment of the hydrocarbon skeleton's 
stereochemistry was based on analysis of the y-lactone 16 
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(derived from 2 by ozonolysis, Jones oxidation, and me- 
thylation). The assignment of stereochemistry of C-7 was 
based on the observation of a nuclear Overhauser en- 
hancement" of H-5 endo (6 1.41) upon irradiation of the 
acetate signal at 6 2.12. However, such an NOE is unlikely 
with a conformationally mobile substituent such as an 
acetate group, and the observed enhancement was more 
likely the result of simultaneous irradiation of H-5 exo at  
6 2.16. Indeed, the 9-Hz coupling observed in 16 between 
protons H-7 and H-6 is in better agreement with a revised 
structure in which these hydrogens have a trans relation- 
ship, with the side chain at  C-7 exo. 

Synthesis of the C-7 epimer 18 required introduction of 
the side chain from the exo face. This was accomplished 
by inversion of the alcohol 8 using diethylazodicarboxylate, 
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(a) Ph,P ( 2  equiv), THF, DEAD ( 2  equiv), 25 'C, 1 h. (b) 
(i) LiAlH, (8  equiv), Et,O, 0 'C, 1 h, (ii) minimal saturated 
aqueous NH,Cl (35% from 8). 

triphenylphosphine, and benzoic acid,18 followed by LAH 
reduction, cleanly affording the exo alcohol 17. 

The sequence of reactions described above was now 
repeated on the isomeric alcohol 17, affording ultimately 
the diacetate 19, identical by proton and carbon NMR with 
that derived from udoteatrial. These completely stereo- 
selective syntheses demonstrate once again the utility of 
bicyclo[3.3.0]octanes in terpene synthesis. 
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Silver-Induced Allylation of @-Bromo Ethers with 
Allylsilanes 

Summary: Cyclic p-bromo ethers can be allylated with 
allyltrimethylsilanes in the presence of silver tetrafluoro- 
borate via the corresponding carbocations. Direct sub- 
stitution of the bromine atom in the cyclic ethers by an 
allyl group was observed, but in the case of tetrahydro- 
pyranyl derivatives the allylation occurred exclusively via 
the carboxonium ions which were generated by debromi- 
nation and subsequent hydrogen shift. 

Sir: Effective alkylation of @-halo ethers has not been 
generally achieved yet, since substitution of the halogen 
atom with nucleophilic reagents is inherently in difficulty 
due to competition in facile undesirable elimination. Keck 
and Yates recently succeeded in allylation of several or- 
ganic halides, including @-bromo ethers by the use of al- 
lyltrialkylstannanes in a free radical process.' During the 
course of our studies on the synthetic utility of allylsilanes,2 
we have attempted the regiospecific allylation of @bromo 
ethers with allylsilanes in a cationic process. We describe 
here a new allylation reaction of @-bromo ethers, including 
cyclic ethers, with allylsilanes in the presence of silver 
tetrafluoroborate. 

To a solution of l3 and allylsilane (2.5 equiv/equiv of 
1) in anhydrous dichloromethane (5 mL/mmol of 1) was 
added well-dried silver tetrafluoroborate (2.0 equiv/equiv 
of U4 under an argon atmosphere (eq 1). The mixture was 

stirred at ambient temperature in the dark, and the re- 
action was monitored by TLC. The reaction mixture was 
diluted with ether (ca. 20 mL), filtered, and treated with 
aqueous sodium bicarbonate. The extract was concen- 
trated, and the residual oil was purified by silica gel column 
chromatography to give a mixture of the corresponding 
isomeric ethers 2 and 3 in good yield (Table I). 
2-(Bromomethy1)tetrahydrofurans la and lb  gave pre- 

dominantly the ethers 2a, 2b, 2c, and 2d, respectively, by 
way of electrophilic attack of the silver-induced primary 
carbonium ions I on the allylsilanes. On the other hand, 
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