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NEW SYNTHETIC METHODS EXPLOITING VINYL SULFONES 
DISCOVERED DURING THE SYNTHESIS OF A NATURAL PRODUCT1 

ZHENDONG JIN, P. C. VANDORT, AND P. L. FUCHS* 
Department of Chemistry Purdue University 

West Lafayette, IN 47907 

Abstract:  Observations made during the synthesis of the anticancer agent 
homohaningtonine 37 have resulted in the development of several new synthetic 
methods based upon the alkylation and conjugate-addition chemistry of y-methoxy 
allylsulfonyl anions. Enones, dienyl ketones, and trienyl ketones are readily 
constructed. Sultinium ion intermediates facilitate the sulfone to olefin transformation. 

Key words: Intramolecular silylation of phenyl sulfone; sultinium ion; 1 ,Zelimination 
of tertiary sulfone to olefin, y-methoxy vinyl sulfone; y-methoxy ally1 sulfonyl anion; 
alkylation; /3-substituted enone; conjugate-addition; vinyl sulfone; dienyl ketone. 

INTRODUCTION 
We have been involved in an intense effort which has sought to establish the sulfone 
moiety as the "ideal functional group." The goal of this program was to develop the 
chemistry of sulfones to include the following highly desirable traits (Scheme 1): 

4 Activation of olefins for conjugate-addition at Cp under kinetic conditions. 
4 Facilitate subsequent functionalization at the Ca-site. 
4 Support bidirectional interconversion between latent and reactive forms. * Serve as a leaving group in olefin-forming reactions. 
* Underlro redacement reactions to Drovide a second bond at the a-site. 
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2 2. JIN, P. C. VANDORT, AND P. L. FUCHS 

The first three goals have been largely achieved. Considerable success has been 
demonstrated at addressing the formation of bonds p and a to the sulfone moiety.2 
Scheme 2 indicates a collection of natural (13,34,45, & S5) and unnatural (26,6-97) 
products which have been synthesized by the vinyl sulfone strategy. The use of a-silyl 
and a-bromosulfones as "protecting groups" for the a-sulfonyl anion and radical has 
also been shown to be practicaL8 

Scheme 2 

&T C5H1 1 C02H 

HO fp $ 
H0 R p  HE) 
2 Carbacyclin 3 Morphine 1 Prostaglandin E2 

Ho 

6-9 Four Prostacyclin Analogs 
n=0,1 m=1,2 

4 Cephalotaxine (X-H) 
5 11 -Hydroxycephalotaxine (X=OH) 

Our previous total synthesis5e of racemic cephalotaxine 4 featured conjugate- 
addition of aryllithium 10 to vinyl sulfone 11 followed by addition of ally1 bromide to 
give homoallyl sulfone 12A. Conversion of this material to exocyclic diene 13 
involved a "self-immoliative" elimination sequence (via 12B). Routine processing 
generated key acyl nitroso intermediate 14. Hetero Diels- Alder cyclization of this 
species leads to a pair of adducts 15/16 (2:l) where the minor adduct was shown to 
have arisen via an unprecedented addition mode involving delivery of the acyl nitroso 
moiety to the diene from the face opposite to the tethering aryl unit. This mixture was 
inconsequential in the racemic synthesis since both adducts 15 and 16 were 
successfully converted to dl-cephalotaxine 4 (Scheme 3). 
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NEW SYNTHETIC METHODS EXPLOITING VINYL SULFONES 3 

Scheme 3 
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Parallel to the racemic synthesis shown above, we sought to employ optically 
active vinyl sulfone 20 in a similar way. C2-symmetric sulfone 19A was prepared 
from tartaric acid derivative 17A and was metalated to 19C in hopes of effecting a self- 
immoliative elimination. Unfortunately this strategy is apparently restricted to sulfones 
bearing allylically-activated hydrogen atoms, since anion 19C failed to afford a trace of 
sulfone 20. While the concept of using a better leaving group, namely triflone 19B, 
was obvious from Hendrickson's important observations9 (triflone is about a factor of 
170 less reactive than chloride as a leaving grouplo), solution to this synthetic problem 
required close to a year's effort.' 1 The electron-withdrawing properties of the mflone 
moiety, so desirable in the elimination reaction, caused great problems in the alkylation 
reaction. Only by alkylation of bis-triflate 17B with the geminal dianion of 18B in 
toluene-HMPA at -78" to 25OC was the synthesis of 19B achieved in 95% yield (Scheme 
4). Unfortunately addition of aryl anions to 20 proceeds with virtually no selectivity, 
precluding effective application to the synthesis of optically active cephalotaxine 4. 
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4 Z. JIN, P. C. VANDORT, AND P. L. FUCHS 

Scheme 4 

PhCH20 r. 

PhCH20 PhCH26 

17A Z-Br 18A R-Ph 19A R=Ph, M=H 
17B Z-OTf 18B R&F3 19B R-CFs, M-H 

l 9 C  R-Ph, M-Li 

20 21 69% 

Elimination of Sulfones to Olejins via lnrramolecular Oxygen Silylation 
The above problem vividly demonstrated the need for a general method for 
elimination of unactivated aryl sulfones to olefins. To our knowledge, there 
are no examples of aryl sulfones lacking activated P-protons which eliminate in high 
yield under reasonable conditions.’* Trost and co-workers have demonstrated that 
Lewis acids can enhance the leaving group ability of certain phenyl sulfones and 
sulfoximines in intramolecular Friedel-Crafts reactions.13 This led us to recently 
develop an efficient method for tertiary sulfone elimination employing intramolecular 
oxygen silylation of ortho-silyl sulfones 22B to provide activated cyclic sultinium 
species 23 which undergo facile olefin f0rmati0n.l~ Silyl triflates 22B are easily 
generated from allylsilane precursors 22A in the presence of catalytic triflic acid 
(Scheme 5).  

Scheme 5 

22A X - ally1 
228 X = OTf 

23 24 25 

Ortho-silylated mercaptide anion 26 is readily prepared from the dianion of 
thiophenol.15 Conversion to y-methoxyvinyl sulfone 28 is accomplished in 52% overall 
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NEW SYNTHETIC METHODS EXPLOITING VINYL SULFONES 5 

yield. Reaction of a-methoxyphenethyl lithium with 28 followed by a methyl iodide 
quench provides tertiary sulfone 29 (Scheme 6). 

(a) TMEDA (2.2 equiv), n-BuLi (2.2 equiv). 
cydohexane, 0°C to 25%, 24 h, then 
C1Si(MehCH2CH=CH2, 50 / $0 cydohexane I 
THF, -78°C to 25°C; (b) CeCb, NaBH4 (1.0 
equiv), $060 MeOH I CH2CI, 25%, 1 h, Me1 
(10.0 equiv.), 25%, 12 h (93%); (c) CH&N (10 
equiv), K2C03, H&2 (6 equiv), MeOH, 25% 1 
h (69%). 

27 n = O ,  Z - 0  
28 n =  2, Z=OMe, 

b,c( 
H 

R =  
29 56%, 

C H 2 C H 2 C s H 4 0 M e  

In an attempt to effect an intramolecular Friedei-Crafts alkylation via interception 
of the sultinium intermediate 30, tertiary sulfone 29 was treated with 5 mol% triflic acid 
in CDC13 at 62OC. Tricyclic ether 32 was not detected, but at short reaction times 
intermediate olefin 33 could be isolated. Longer times (2 h) served to convert 33 to 
tricyclic olefin 35 (67%), with no apparent concomitant production of olefin 36 which 
would have occurred from arene alkylation at the more hindered site of the putative 
allylic cation (Scheme 7). Extensions of this strategy to secondary systems are 
underway. 

Scheme 7 
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Plan for Synthesis of Cephalotaxus Alkaloids 
The Cephalotaxus alkaloid cephalotaxine is the parent structure of a family of C-3 a- 
hydroxysuccinate esters designated the harringtonines which have recently been 
favorably evaluated in Phase I1 clinical trials as anticancer agents.16 In order to 
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6 Z. JIN, P. C. VANDORT, AND P. L. FUCHS 

synthesize symchiral17 homohamngtonine 37 (HHT),l* an efficient total synthesis of 
symchiral cephalotaxine 4 is needed. 

Scheme 8 

0% 

R ., H Cephalotaxine 4 

R = R1 Homoharringtonine 37 

Returning to the chemistry described in scheme 3 reveals two flaws which 
prevent its being employed for synthesis of optically active cephalotaxine 4. The facial 
specificity of the current IDA reaction 13 + 15/16 ultimately would translate to each 
symchiral diastereomer (15,16) resulting in the production of a different mantiomer of 
the cephalotaxine nucleus. While this problem might be solved by optimization, a much 
more deadly trap was discovered during our synthesis of 1 1-hydroxycephalotaxine 45.’ 
In the course of our synthesis of racemic cephalotaxine 4 we repeated the high-yielding 
Weinreb conversion of enol 38H (dimethoxypropane, acid, heat) to cephalotaxinone 
44H (>90%).’9 When this procedure was employed with 1 1-acetoxy derivative 38Ac 
we obtained a mixture of unreacted starting material 38Ac (26%), 1 l-acetoxy- 
cephalotaxinone 44Ac (43%) and ring-opened20 secondary amine 43Ac (a single 
Q,11 diastereomer, 17%). Since all previous syntheses of 4 were of ncemic m a t e a ,  
it is probable that any synthesis targeting the natural enantiomer and proceeding through 
38H will be subject to partial or total racemization via (previously undetected) 
equilibration of 38H and 40H. 

Scheme 9 
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NEW SYNTHETIC METHODS EXPLOITING VINYL SULFONES 7 

The above racemization trap required the formulation of a new plan (Scheme 10) 
for symchiral cephalotaxine synthesis which never involves a C-3 ketone, thereby 
avoiding potential P-eliminations of the amino moiety. 

Scheme 10 
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Development of New Synthetic Methods Based On Gamma-methoxyallylsulfonyl anions 
As shown above, intramolecular arylation was chosen to set the requisite & C3.4 

stereochemistry. Our total synthesis of morphine4c suggested the sequence 
52a+52b+53a+53b+54 (Scheme 11). Low temperature transmetalation of 52a 
with t-butyl lithium followed by warming the solution generated a plethora of products. 
Fortunately, treatment of 52a with a catalytic amount of Pd(PhsP)4 and silver nitrate in 
acetonitrile at reflux provides compound 54 in nearly quantitative yield. This is the first 
instance of using vinyl sulfones as the acceptor for this well-known organopalladium 
reaction and its scope was briefly investigated.21.22 

Scheme 11 
ArCH2Br 

50% aq. KOH 

1 hr, 9OY0 

____t 

H O  

52b X = Li 53b 2 = leaving group 
5 2 ~  X - P d l  53c Z = Pdl 

a) Pd(Ph& (5YO),CH3CN, A g N 0 3  (Beq),NEts(l.Seq), reflux, 1 hr 

Before returning to the cephalotaxine synthesis we defined the failure mode for 
the organolithium chemistry on 52a.23 The finding that deprotonation of the allylic 
hydrogen of y-alkoxy vinyl sulfones is a facile process and that the resultant y-alkoxy 
ally1 sulfonyl anions are highly reactive has provided a number of useful synthetic 
procedures. The initial sulfone paper published from our group in 1978 detailed the use 
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8 Z. JIN, P. C. VANDORT, AND P. L. FUCHS 

of y-silyloxyvinyl sulfones 55b as the focal point of a four-step synthesis of a$- 
disubstituted enones 57 (Scheme l2).Z4 

Scheme 12 

S02Ph 3) TBAF 
4) Oxid 
5) DBU 

____) 

56 57 

sat. NaHC03 f for ~1 = H 

RO 
55a R=H 
55b R=TBDMS 

I 

55c R=Me SO2Ph R2 .Sf 

MeV 4 
58 59 

I a Series: n=l : b Series: n=2: c Series: n-3 

A serious deficiency of this strategy has been revealed by our recent need for p- 
substituted enones which bear a hydrogen in the a-position (57, R1=H). This limitation 
has now been removed for six and seven-membered rings by implementation of an 
alternative one-pot metalation/ alkylation/hydrolysis sequence starting from y-methoxy 
vinylsulfones 5 5 ~ . * ~  These substrates are produced from y-hydroxy vinyl sulfones 55a 
which are readily available on the mole scale via a three-step procedure starting with the 
corresponding allylic halides. Reaction of y-methoxy vinylsulfones 5% with 1.05 
equiv. of t-butyl lithium in THF at -78OC rapidly affords y-methoxy allylsulfonyl anions 
58 which undergo smooth alkylation with a variety of electrophiles to afford enones 57 
in near-quantitative yield after ireatment with aqueous sodium bicarbonate (Schemes 12- 
14). 
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NEW SYNTHETIC METHODS EXPLOITING VINYL SULFONES 9 

Scheme 13 

99% 

nu 94% 

- Elo 99% 6, 96% 

Scheme 14 

1-BuLi (1.05eq) 

P 
g ]  OCH3 

,TMS 

Both the intermediates and products from these reactions can easily be further 
transformed into useful dienes by DBU mediated chemistry (Scheme 15). For example, 
silylated sulfone 60 affords dienyl ether 61 in near-quantitative yield after brief heating 
in acetonitrile. Allylated product 62 serves as a useful progenitor for dienyl ketone 63 
simply by DBU mediated isomerization, providing that air is carefully excluded from the 
reaction medium. Initially we were surprised to obtain dione 64 with no trace of the 
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10 Z. JIN, P. C. VANDORT, AND P. L. FUCHS 

expected dienyl ketone 63. Repeating the reaction with careful exclusion of oxygen 
affords the desired dienyl ketone in 75% yield (93% using CH2C12). 

Scheme 15 

60 

. .  

DBU; CH3CN, 60°C 
6h, Air 

The P-substituted enone strategy can be seen to be complementary to a method 
developed in the Evans laboratories (Scheme 16).*5 In the Evans method, allyl sulfide 
65 is oxidized to allylic sulfoxide 66a (R=H) which is metalated and alkylated to 
provide 66b (R=alkyl). Ally1 sulfoxide 66b (R=alkyl) is in equilibrium with allyl 
sulfenate 67 via 2,3 sigmatropic rearrangement. Treatment of the 66b/67 mixture with 
a thiophilic reagent like a secondary amine provides allyl alcohol 68, which can be 
subsequently oxidized to enone 57. The vinyl sulfone method also begins with allylic 
sulfide 65, but proceeds via P-epoxysulfone 69 to the a-alkylated allylic sulfone 59 on 
the way to enone 57. While both processes are of equivalent length, the Evans protocol 
provides lower overall yields as well as forming cclymixtures during addition of the allyl 
sulfoxide anion to carbonyl compounds,26 while the alkylation of the allylic sulfone 
anion faithfully undergoes alkylation adjacent to the sulfone moiety in all cases 
examined. 
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NEW SYNTHETIC METHODS EXPLOITING VINYL SULFONES 11 

The specific "failure mode" for the five-membered ring y-methoxy vinyl sulfone 
shown in scheme 11 was revealed by examining the details of the metalation chemistry 
of compound 5%. As in the previous schemes with six and seven-membered ring 
substrates, metalation of 55c generates heteroallyl anion 58. At this stage the chemistry 
becomes dominated by the exceptional acceptor properties of five-ring vinyl sulfone 
55c, leading to adduct 71 after standard work-up. Treatment of 71 with DBU provides 
dienone 72 in 44% overall yield. 

The ability of five-membered ring vinyl sulfones to serve as general Michael 
acceptors in unsymmetrical condensations was tested by adding a slight excess of 
cyclopentenyl phenyl sulfone 73 to a solution of y-methoxy vinyl sulfonyl anion 58b 
which was prepared in the normal fashion. Following the course of the reaction by thin 
layer chromatography (TLC) indicated that conjugate addition of anion 55b was 
instantaneous at -78OC. The analytical profile of these reactions was complicated by the 
fact that several of the reaction products were unstable to silica gel as evidenced by two- 
dimensional TLC. Nevertheless, enone 75b was obtained in excellent yield after an 
aqueous bicarbonate workup. Surprisingly, all attempts to trap the putative a-sulfonyl 
anion intermediate 74b via alkylation with allyl bromide once again provided >90% 
yields of the "hydrogen quench product" 75b with only traces of the expected allyl 
sulfone 76b being detected in the crude reaction product (Scheme 18).*' 
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12 2. JIN, P. C. VANDORT, AND P. L. FUCHS 

Scheme 18 
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____) 
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Me0 

QR S02Ph 

0 so 
58b 74b 75b R=H,94% 

76b R- allyl, trace 

Reaction of vinyl sulfone 73 with cycloheptyl y-methoxy allylsufonyl anion 58c 
provided an intermediate which was far easier to handle. Careful workup and 
chromatography on deactivated silica gel afforded spirocyclopropyl sulfone 77c in 94% 
yield. Repeating the reaction shown in scheme 18 followed by chromatography on 
fluoracil now permits isolation of the analogous six-membered spirocyclopropyl sulfone 
77b in 98% yield! Both compounds were isolated as single diastereomers of unknown 
sydanti stereochemistry (Scheme 19). 

Scheme 19 

55b,c ,-/ 1-BuLi &h ____) QSO,P~ 73 P h O * ~ s o 2 p h  - -LiOzSPh $02Ph 

-78"C, THF 
(CHdn-4 (CHd n-4 (CH2)n-4 

Me0 Me0 Me0 
58b,c 74b,c 77b 98% 

77C 94% b Series: n=6; c Series: n=7 

Mild acid hydrolysis of enol ether 77c smoothly afforded tricyclic keto-sulfone 
7& without evidence of rupture of the activated cyclopropyl sulfone moiety. Treatment 
of 78c with DBU effected cleavage of the cyclopropane, generating 6-sulfonyl enone 
intermediate 79c which was further processed to dienones 8Oc under the basic reaction 
conditions. In practice, for reactions utilizing cyclohexenyl sulfone donor 58b there is 
no need to include the extra step of generation keto-sulfone 78b (see also table 1) since 
simply adding aqueous bicarbonate to the one-pot reaction directly affords 6-sulfonyl 
enones 79b in high overall yield. In comparison, the seven membered ring 
intermediate 77c was slow to be converted to 79c under the aqueous bicarbonate 
conditions and required processing via keto intermediate 78c. Completion of the 
preparation of dienyl ketone 8Ob is again accomplished by elimination of sulfinic acid 
using DBU in acetonitrile at reflux (Scheme 20). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
0
2
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



NEW SYNTHETIC METHODS EXPLOITING VINYL SULFONES 13 

Scheme 20 

5% HCI 
TH F - 

7 7 C  78C 91% 

a- S02Ph DBU 

79b 93% from 55b 80b 99% from 79b 

80c 89% from 78c 

I b Series: n=6; c Series: n=7 1 

The chemistry described in scheme 20 appears to be general for other five- 
membered vinyl sulfone acceptors. Table 1 describes the synthesis of several additional 
dienyl ketones by this procedure. In these examples, no effort was made to isolate or 
characterize the probable cyclopropylsulfone intermediates. The 6-sulfonyl enones were 
subsequently subjected to the DBU-mediated elimination reaction (Table 1). As can be 
seen from the final five table entries, simple six and seven-membered ring phenyl vinyl 
sulfones do not serve as Michael acceptors in the conjugate-addition reaction. 
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14 Z. JIN, P. C. VANDORT, AND P. L. FUCHS 

Table 1. Synthesis of dienyl ketones. 

Entry 

1 

2 

3 

4 

9 

Donor 
Anion 
58b 

58c 

58b 

58c 

58b or 
58c 

58c 

Acceptor 
sulfone 

S02Ph 

MOMO b 
81 
S02Ph 
I 

MOMO D 
81 

& S02Ph 

86 

J5 S02Ph 

86 
S02Ph 

55b (X=OMe) 
89 (X=H) 

S02Ph 
I 

l c  

i-sulfonyl enone 

3 MOMO 

82 (99%) 

fi 0 MOMO 5 

84 (85%) 

J+-J Ph02S 

87b (94%) .a, Ph02S 

87c (84%) 
Vo Reaction 

Vo Reaction 

Dienylketone 
(yield) 

0 w MOMO 

83 (96%) w 0 MOMO 

85 (92%) 

88b (80%) 

88c (30%) 
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NEW SYNTHETIC METHODS EXPLOITING VINYL SULFONES 15 

Having demonstrated that conversion of intermediates 74b,c to cyclopropanes 
77b,c via intramolecular alkylation was responsible for our inability to effect 
intermolecular alkylation, we returned to reinvestigate the reaction of 58b with 
cyclopentenyl sulfone 73 at lower temperatures. Conjugate-addition of y-methoxyallyl 
sulfonyl anion 58b to vinyl sulfone occurred rapidly at -98OC as judged by TLC assay. 
Immediate addition of HMPA and excess alkylating agerit followed by a slow warming 
period and mild bicarbonate workup provided 6-functionalized enones 76131.2 in 
addition to variable amounts of "quenched" enone 75b, probably by way of cyclopropyl 
sulfone 77b (Scheme 21). 

Scheme 21 

fjph q S 0 2 p h  Ph02S 8""" - 0  Z-X 1 HMPA o F h  + '  Ph 
fi3 - 

-98"C,THF -98°C to 25°C 
Me0 Me0 

58 b 74b 76b, Z= allyl , 83% 75b , 11% 

76b2 Z= Me I 88% 75b. 6% 

Application of the DBU-mediated sulfinic acid elimination reaction to the above 
examples produced the useful 6-functionalized dienone gob2 as well as trienyl ketone 
91b1, which was produced via further isomerization of 90b1. Heating 91bl for two 
days in benzene in a sealed tube at 12OOC afforded the annulated dienyl ketone 93bl 
presumably by way of intermediate 9tbl (Scheme 22). 

Scheme 22 

75bl R = allyl 
75b2 R = Me 

[ 90bl R = allyl ] 91 bl ,9570 
90b2 R = Me, 87% 
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16 Z. JIN, P. C. VANDORT, AND P. L. FUCHS 

Sulfone-Related Transformations Applicable to the Synthesis of Homoharringtonine 
Returning to the cephalotaxinehomoharringtonine program, we wished to attempt the 
newly-developed enone synthesis in a more-highly functionalized substrate (98) which 
was to provide enone 102 via allylation of anion 100. Unfortunately, metalation of 99 
or 100 with alkyllithium reagents only serves to effect p-elimination of the benzylic 
ether bond (arrow, Scheme 23). 

Scheme 23 

P2-Et, CH&N oSo4 (1 eq) 
0.5h, 25°C Pyr, 25%, 14h 

95% 98% 
- ---( 

ccI,coccI,, 95 Z=H 54 94 
pyridine. 90% ( 86 z=co 

0 

99 X=H 101 

100 X=OMe 

102 

Since no fragmentation was observed during the isomerization of 54 to 94 using 
the Schwesinger phosphazene base28, we speculated that the nature of x-base extended 
"counterion" might be crucial in determining the lifetime of allylic anions like 99. In the 
event, reaction of either allyl sulfone 94 or more conveniently, vinyl sulfone 54 with 
excess allyl bromide in the presence of 1.05 equivalents of P4-t-Bu provides the same 
mixture of allylated sulfones 103/104 in extremely high yield. 

Scheme 24 

* 
p4-t-B~ (1 .05~) .  

THF. -100°C 
I# 54 5 min. W-IWh 

105 
103 a = allyl; p = Q P h  6740% 

104 a = QPh; p = allyl 2230°/0 

Palladium [O]-catalyzed elimination of 103 using the method of Trost29 provided 
triene 105 in >90% yield, while the minor isomer 104 is recovered unchanged under 
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NEW SYNTHETIC METHODS EXPLOITING VINYL SULFONES 17 

identical conditions, presumably for stereoelectronic reasons (Scheme 24). Attempts to 
convert 103 or 104 to 105 using KOt-Bu or the self-immoliative method were 
unsuccessful, underscoring the importance of the palladium chemistry. 

Several additional sulfone-related facts have been uncovered in relation to the 
cephalotaxine/homohaningtonine project. At some stage of the synthesis the benzylic 
pyranyl ether moiety of sulfone 54 or other related substrates has to be regioselectively 
cleaved in order to be homologated by one carbon (Scheme 25). The original plan for 
this transformation was to react compound 54 with trimethylsilyl cyanide to hopefully 
provide nitrile 106. 

PhOpS 
Scheme 25 

PhOpS 

( 1  & .*.--- TMSCN _ _ _ _ _ _  * {$MS 

54 106 CN 

This proved to be a surprisingly difficult prospect. It seems amazing that the p- 
alkoxybenzylic ether is recovered in quantitative yield after heating in neat TMSCN, even 
in the presence of (n-Bu)4NCN and/or TMS-mflate as a catalyst. More than ten different 
ether cleavage methods have been tried, with only BBr3 proving capable of regiospecific 
cleavage of 54 to 107 in excellent yield. The activated benzyl bromide was easily 
converted to the benzyl nitrile 108 (Scheme 26). 

Scheme 26 
pH > 8 

107 108 

Reaction of 108 or 109 with allyl halide in the presence of the phosphazene 
base failed to produce the desired allylated sulfone 110. Similar reaction on silylated 
allyl sulfone 111 also was unrewarding, providing only 112 via allylation adjacent to 
the nimle moiety. Clearly, refunctionalization of the nitrile must precede future attempts 
at allylation of the sulfone moiety. 
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18 Z. JIN, P. C. VANDORT, AND P. L. FUCHS 

The synthesis of natural products is analogous to building a pyramid. One needs 
to forge a strong base before being in a position to complete the structure. The analogy 
extends to further to the merit of the exercise--those pyramids which have been carefully 
crafted will provide future benefit to all who follow. 
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