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INTRODUCTION OF FLUORINE INTO ORGANIC 
MOLECULES: WHY AND HOW 

What is special about tine? Nothing else than its 
position in the Periodic Table. Tbc nine protons in the 
nuckus of tbc ckment strongly interact with the same 
number of ekctronr, since ail of them occupy inaer sheUs. 
~bus tbc van der WAS radius of BULGE (r, - IX A) is 
contracted to such an extent that it closely mscmbks that 
of an hymn atom (rH - l.lOA).ActuallyUunriaeistbe 
only ekmcnt which can replace hydrogen witbout aotabk 
stcric consequences. Chlorine is aIrudy much bigger 
(a - 1.80 A,, as Stuart/B~b/LtyMd-m&is may iI- 
hutrate (Fll. I). 

In contrast to their similarity in size, hydrogen and 
Mnc arc quite different in their rcactivitks. The high 
effective (unshkkkd) density of positive charge in the 
nucleus and the tendency to compktc its vakncc shell 
render Ruorine strongly ekctronegativc. Attachal to a 
reaction center it proves to be a moderately g& kaving 
group. Placed in the vicinity of a reaction center it muy 
substantially inducnce reaction rates due to its inductive 
ekctron-withdrawing effect. 

The similarity of steric bulk and the dissimilarity of 
chemical behavior enabk many fhrorinotcd compouods 
to act as antimctabolitcs with respect to their cof- 
responding halogen-free natural products. A typical ex- 
ample is given by fluoroacctic acid.‘-’ In biological sys- 
tems it mimics acetic acid so perfectly well that it can 
intrude into the tricarboxylic acid cyck (Krcbs/Mar- 
WKnoop cycle). This metabolic circuit which burns 1 
mokcuk of acetic acid per turnover to carbon dioxide 
and water comprises three stages: formation and mod& 
catinn of a C.-unit. double decarboxylatinn preceded, 
accompanied or followed by dchydrogcnation steps and, 
finally, remodelling of the rcmfiining &-unit in order to 
prepare it for the addition of another mokcuk of acetic 
acid (1). 

When Auoracetic acid (or a precursor to it, e.g. flu- 
orookic acid) is ingested, it replaces the natural mctabol- 
itc and combines with the oxalylacctic acid (2) to give 
o-fhmrocitric acid (3). 

0 

F-CH,-COW - 
T 

F-CH-COW--w-F-CM-COW 

I I 
Ho-c-cm C-CcmH 

I II 
CH,-cow CH- cow 

3 

3 



4 hf. - 

According IO tk metabolic cyck, the subsequent steps 
are now dcllydralatkn affording aconitic acid and re- 
hydration with reversed orientation yklding isocitric 
acid. Howeva. dghboring !brinc atoms drastically 
impede the acid-catalyzed elimination of wafer as one 
may deduce from simpk laboratory experiments. l,l,l- 
TriUuoro-2-propanol~’ is not altered by concentrated sul- 
furic acid at 19l”C! Iikewise, the dehydrating enzyme 
aconitase is unabk to effect elimination of water from 
Uuorocitric acid.Lt 

Still nothing dramatic would happen if the Uuorocitric 
acid did not bind irreversibly. Once king formed, it can 
neither be eliminated as such nor “digested”, but paralyzes 
for ever bbmolecukr key-units. Thus the organism has 
performed a “k&al synthesis” (Pererr”): the incorporated 
llu0roacetic acid molecule is converted in uiw into an 
antimet.abolite which Mocks irrevocably the vital rricar- 
boxylic acid cyck. Actually, thousa& of cattk are lost 
per year mainly in South Africa, Australia and other parts 
of the Soulhem hemisphere after ealing plams like gifbkar 
(lXchapei&un cynorwn), box poison (OxyMium 
porn&nun) or beart lead poison (Gatlrdobiam bhbum). 
The toxicity in these pknts is due to the preseacc of 
ftuoroacetic acid, the concentration of which may 
cccasionally exceed 1% of tk dry weight of kaves or 
seeds. 

Once the principle of “on~imuobdilc formalion by 
infro&Iion of &MI&’ had ken recog&d, it w-as 
tempting to apply it to chemotherapy. With this idea in 
mind, Heidelberger, Duschinsky CI al.” synthesized S- 
fluorouracil and its derivatives. S-PI uoroumcil was found 
to be incorporated in place of uracil into RNA of tmc- 
mial and maJNdan cells as well as that of viruses 
causing mu-is, transcription errors and other 
defects. Slill more important, it was demonstrated that 5 
- fluoro - 2 - &soxyuridine - 5’ - monophosphaIe, which 
is produced in ciao from 5-fluoro-uracil, acts as an 
inhibitor of thymidykte synthetase. This enzyme ca- 
talyzes the methylation of dcsoxyuridylate to desoxy- 
thymylate. Thymine is one of the four letters of the 
hereditary alphaM by means of which the compkte 
wiring diagram of life is stored on the DNA ribbon. If 
thymine (4) is no longer avail&k, no replication of the 
DNA double klix can be pos&k and cell division is 

tA cbw inspoaion reveals ti the wtbykae bydrqa io 
chic acid UC paidsc cllMhpic Of dLrlcrcotopic and lbdofe 
enxynmtiany distin&iMk. The bydroeea abstracted by aconi- 
tucoccupiathtn-sidc(pro-R~oa@uatix~)andbbcuedoo 
lhl bydroxyartlonylmclllyk brad which, upon Mlbltitution. 
inqoscs OK R c~tioo on Ibc central carbon rtom. ‘Thus. 
the enzyme can by m wool accomplish &e &hydration of 
(2R. 3R) - 2 - horocitric a&i ((-)avthroduorociti acid). III I& 
lhrrcotbus1~iromcn(ZR3S:2S.3R:ZS.3S),cbthbpadocr 
mt bbck a ruc&c site and may opcntc onty by its electron- 
anncun& bond-ltrcngthmkq CiYccL An lhfu of heal were fourul 
tokach&rruk~~Docinhibitonofrconiuu,my~~ 
cx1cnL” Man feccnuy tbc mode of rction of lItor& acid in 
lbe !hbJ cyck hr been fuaduacaldty rCdchCd?- Ah&t& 
CULZS)_tbuorocmic acid i&cd is cap&k of spcc& 8fonit8K 
inhiM&. this actbn ocam only nvm~My and a( nhtivdy high 
&us (14 - 0.1 Ink). Tbr extrcmdy p&umous pm&es of ti 
&cukr stuxzohoukr (ix oioo caused by picomokr quantities!). 
however UC due to a *Qroaoh e&t. compeuin# cvkcncc bu 
ktapmcnladrccorbi~towhicbicbntba~aiarboxyticrid 
curkrinUxinocrmemhneofmilceboDdriIowhkhfi~ 
ahi binds ir~~cnibIy. Rob&y io Ihis way Ibe citrae outihx from 
miIo&4riaofbraincelt8hsloppbduuilhct4o3ynthaisofcbr 
hulmuMsmittcr bcctykholinc kukr down. 

prevented. By this mechanism the major inhibitory effect 
of 54uorouracil on tumour growth is explained.” 

RNA DNA 

5-R-U and it!a delivatives belong to tk few 
drugs which are successfully employed in cancer treat- 
ment. unfortunately, however, side eaecls cannot be 
avoided and they threaten lo a&t the entire organism 
seriously. PartkuMy the replacement of short-lived 
lKnrrml ceUs is arrested. Such a bw sekctivity between 
benignant pad maUgnant tissues seems to be inevitabk, 
whenever the applied reagent interferes with the living 
system at only one stage, in other words, when an 
“all-or-nothing” situation arises. We may hope, boweva. 
IO produce @ overall sekctivity by a “snow-ball 
effect”. Let us consider a long biogenetic chain, into 
which we channel in a Uuminataf antimetabolitc at an 
earlystaec.Letusfurtberassumethatthehalogeninthe 
antimetabolite will never cause a real breakdown of the 
biological transformation but rather will perturb them 
slightly yet continuously, so that a turnour cell may 
s&r more from such an impact thn would a normal 
cell. Because of the unrestrained tumour proliferation, 
the emzyme paItern of maUgnant cefls is generally less 
perfect and balanced than in benign one3. Thus, as 
biosynthesis rp~ on, more and more “waste products” 
may accumulate in the tumour and poison it while in 
healthy organs the undesired materials are kept under 
control and are eliminated by rapid degradation. 

This general strategy kd us to prepare a number of 
fluoroterpeae~ and to study their cytostatic behavior. 
Their natural, halogen-free anakrgs are known as in- 
termediates of steroid biosynthesis.‘4” the key com- 
pound of which is epoxysquakne (5). Several steroid 
familks descend from this oxira~. Their skeletal struc- 
turn is dictated by UK conformation which the CM- 
epoxide 5 adopts when getting enveloped by the enzyme. 
For exampk, wkn combining with tbc rqualeneoxide 
cyckse extracted from rat liver or yeast. it folds in order 
to acquire the conformation 6. In the four ring system 6. 
which 6rst emerges from the cyclisaIion process two 
methyl groups and two hydrogen atoms have IO perform 
a “relay-race” and another by-n is ckaved off as a 
proton in order to adjust the steroid skekton lo its Bnsl 
geometry. The Urst isolabk polycyclic product. lanos- 
terol(7). undergoes a series of subsequent oxidation and 
degr&tion reactions which convert it into chokstaol 
and thence corticoids or other importa steroids. 

As already 0uUined. throrinated antimetabolites may 
cause a subtle perturbation of tbc steroid biosynthesis 
and hopefuffy damage tumour cells sekctivcly. Besides 
cancuostatic activity, fluoroterpenes produced in ciD0 
may exhiiit other pwtical effects. Many Au- 
orostcroids arc known to be powerful drugs with anti- 



ionaomatory, antiphbgistic, anti-aIIergic. gIlmcor- 
IicdaI and aoaMic pmpcltiu.” 10 order to exaolinc 
these Ily@uu, we have iovc!3tigatcd the synthuk of 
fIuorosquaknu (such as 10) and the respective cpoxidts 

We started out to explore systematicaly all possible 
routes promising sckctivc introduction of a fluorine, a 
probkm which soon turned out to be a chalknging one. 
Note that the fluorine should nuxssaAy occupy an 
okfinic site. All other availabk positions are allylii ones 
and an halogen placed tberc would be far too labik. This 
restriction considerably reduces the choice of suitabk 
methods for the introduction of one fluorine atom. In 
addition to that, the proper position and con5gur&o of 
the CC dnubk bond has to be retained. A systematic 
analysis of tbc probkms discloses three practical ap- 
pN%ShU: 

(I) Introduction of the Ruorinc atom by replacement 
of an eloctrofugal or nuckofugal kaving group X on a 
prcconstructcd carbon skeleton; IK) new CC bond has to 
be formed. 

(2) Condensation between an u-lluorocar&bn and a 
carbooyl compound, i.e. formation of one new CC dou- 
b+t bond. 

(3) Insertion of a tluoromcthine group into a CC dou- 
bk bond and simultaneous addition of an bydroxyl group 
(or derivative thereof) onto the mcthyknc terminus ot 
this okfinic bond, forming two new CC-Ii&ages. 
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The isoprenc unit shown in the middk of the diagram 
is tacitly understood to bear appropriate functional 
groups at one end of both ends of its structure in order to 
present a useful building block for an assembling ryn- 
thesis of fluoroterpcncs. 

tibstbutiorr mctions for the introduction of 4 fluorine 
atom 

Ckariy the most straightforward mctbod for duo& 
introduction would consist of the following reaction 
sequence: preparation of tbc -a-free terpenc ester 
(for exampk methyl E-2.&octadknoatc. gcranic acid 
methyl ester. 11). mctallation at the position adjacent 
to the carbonyl group and replacement of the metal by 
fluorine. 

The next approach was the addition of ekmental Eu- 
orine onto the doubk bond of an o&unsaturated ester 
(such as 11) or the ring opening of he cmcspow 
oxhe (12) with Ruorohydric a~id,~~ boron M&de- 
etheratem or dkthyl - (2 - chbro - l,1,2 - tritlwroethyl) - 
ami& and subsequent climinatbo of hydrogen llun&k 
or. respectively. water. Immcdifately one e 
some major obstacks. The rcgios&ctive additbo of the 
halogen would require special techniques or precautions. 
for exampk, the protection of other doubk bonds, if 
present in the starting ester. Moreover both pathways 
Would, in pneral, lead to a stcrcoisonuric product mix- 
ture. As MerTit?” has already &lnonstrated, syn- and 
antictiminahns operate simultaneously when t7icdillu- 
oroallranes arc the substrates. A simiIar lack of stereo- 

Perchloryl fluoride (FCIOJ is very convenient source of 
“positive” fluorine which can be transferred to 
the negatively charged carbon atom of 0rganometaIlics of 
the magnesium and lithium type”* (see Table l), phos- 
ptKWus ylids.=-= enolatcs”~n or W&X&W&S = 
erWbers. enacetates or ~namirzs.~ a-Metallatcd & 
unsaturated esters are also known. although they are 
oaIy aceesJible from the corresponding o-bromo a& 
unsaturated ester” and not from the unsaturated esters 
themselves. Exploratory experiments rcvcakd, however, 
that organom&llic intamediatcs such as 12. when 
treated with an &ctmphik, invariably give rise to a 
mixture of Z- and E-isomers of the resulting ttuoro- 
oktln. Probably compounds of the type 12 prefer to exist 
in the mctallomeric~ structure of a ketene hemiacetak 
that is the metal binds to the electron-rich oxygen-atom 
of tbc former carbonyl group. Consequently IK) stereo- 
chemical control can be achieved. 

chemical discipline must be anticipated for the dc- 
hydration of tluorohydrins. Fiiy the starting material, 
unsaturated esters and alkoxycarbonybxi, arc com- 
monly availabk only as a ZIE-mixture (for cxampk. 
oxiranes 12 from a Dxrzens reaction) aml the sepnratbn 
of pure isomers is very tedious. 

tNcithc.r xc000 d.illuotkk aor triOuoromcthyl bypohridc 
(panuocowchaol) ire cnhcimt nrpcnll for alKxilK tnmkr to 
0rpnolithiuIll c4xIqmurds. An iddfkd probcts wcm. daivat 
from tbc or&c free radial. kft behind after homdyxic ckaw 
of the mctd (wtktl gives quultimtivcty .D.” 

t,T-hc ‘%Ma rrrpat”“J’ oficrs 1 wnv&ot pon1Mity lo 
COnvcrt. for cxampk. cycbhcxcac oxide cloxanoraranc) iuto 
CiJ-l&+iuWocydobeu (40% yield; SaaK mult with Ibc cor- 
respondhu CpisuBdcl.~ 
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Table I. Radon between OrpadiIhiuu (cqaoau&mim) cmpomds ad pcddotyf lIti 

PfUdWl 
Gross RepurthOfthC Yield 
fO~Ih strtbclurc ofgammellllicprrcurulr SdVCOI' (%) Ref. 

CJW 2-muwothiogbcnc &iopbcae + lic.H, DEE 49 17 
C,H,FS 2-tis-mclhytiphen wlhyhhbpheae + lic3(, DEE u 17 

:>igD 
8aUc4ov&ric lcid vakic rid + liNCC,H,), liLIPT+TW 18 19 
aUorohcntenc bromobcoztot + Li THF+ DEE 19 

C&F Owrocycbhcxanc cbbrocycbhcxane t ti THF t DEE ii 19 
W&F 84~orotolwac (bcluyl Owride) wibccuyltin chloride t IiCH, THF t DEE so’ 19 
C&FN,o, O.Odimculyl-sdwril O.adiIwhyl-s-iodo-Uncil 

t LGHH, DME + THF t DEE 42 20 
GH,,F aui7-l%bon3rmrcanoe bmmonorwractti TliF+DEE 0 19 

ggF 
2-auxoknzoIbFhiop~ bmz@~llc t l&H, DEE m 17 
E-~hloro-~alMxorlylK wweac t f&H, THF t DEE 45 19 

C&F tIYXo&OochkUUBC bomocycloocultownc t Ii DEE IO I8 
‘G&F 2-flUoroMphklcoc 2chlorouaphthdioc t ti THFtDEE 45 19 
C,,H,F, 2~daUorobiphcayl diiodobipbenyl + LiCJt, lHF+DEE 94 19 
W&F euorododKaoe chbrododeune + Li THFtDEE 39 19 

*DEE - &thy1 ckr; DME = 13diwhoxy ahm (*bybnqlycd dime~ybthcr); HMI’T = hcxamctbyl&o&~~~iftrkmide; 

T?k!%y~~hbiide io THP and in !bc presence of HMPT. 

Lack of stercosclectivity advocated also against a fur- oroacetate c4Xl&n.uS with tWaldcbydc, p-i&n- 
ther possibility, that is the elimination of hydrogen flu- zakkhydc aod cinaamaldehydt under the influence of 
orirk form gemhal difluorides of the type 13. They are sodium hydride to form IS, I3 aad. respectively, 34% of 
r&ily o&a&d by treatment of the corresponding car- the desired acid or its corresponding ester.” YkIds ob 
bony1 compounds with sulfur tetraBuo&k of, better, taincd under slightly modifkd reaction conditions were 
diJnethylaminosutfur.- AlthOu@h the de- 58.52, 19 and 32% with bcnzaldehydc, p-anisakkhyde, 

dr&&nation can be brought about under very mild butanal and isobutylal, rcspectively.” The result can be 
umditions (by simple Wation over sitics, as BoswelP sign&antly improved, if diethyl d~xaloacetatc 
has discovered), there is l&k chance to direct the eli- @ethyl Buoro-oxosuccinate 10, a protected and ac- 
mination course towards one of the two isomers. tivatcd fluoroacctic acid, is used as the nucleophilic 

Therefore, the introduction of fluorine into the pre- condfnsation partner. 

CF- CcNJCrHe AR-Cn=CF-cCxx.,&. 

co-cOOc~y 

14 

con~tr~dcd carbon skekton was abxndonai as a rational By this method, Bergmann tr d.-’ have prepared a 
solution to our probkm. number of o&msatur8ted o-t!luorocart~xylic esters in 
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Cond~ation rtmthu for $uorinc inttvdtkdan 
Aldol-typc condensations are applii only in very 

exceptional cases (e.g. bclKakkhy& and u-flu- 
oroautophcwne forming I&diphfnyl2-lIuoro-2-propcn- 
lone in 4096 ykl&‘T. Usually they give rise to a 
comp4ex mixture of products. Even Perkin- and Kaoc- 
venagcl-type condensations often fail completely or 
sufler from poor yields. Bcnzaldehyde and Uuoroacetic 
anhydria in the presence of sodium tluoroacctatc do not 
allord more than 2% a-tIuorocinnamic acid.* Ethyl flu- 

fair to good yields (Tabk 2). Many typen of akkhydcs, 
8lipWc and aromatic. UnsatuWcd and bctcrosubstitutcd 
ones. were found to be reactive. However, no successful 
condc&n involving a ketone fuaction was reported. 

The chain elongation of ketones by a (bydroxy- 
carbonyl)-Buoromcthyknt unit can quite satisfactorily 
be achieved by an indirect route. According to 
Knunyantsy triauOrOvinylmct&3 (t.riBuorovinyl- 
rM@aiumiodide,y trilhWvinyUithiUm,‘L” MU- 
orovinylsodium”) may be added to carbonyl compousxts 



ethyl 4.4,Ctrichbm2-6uoro-2-butcrmtc 
ethyl 4.4dichbrrt2-lIuoro-2-buttnoltc 
ethyl 2-#uoro-2-mmouc 
ethyl &xilaoyC2-alKlro-2-twupmlle 
ethyl 2-fiuor~wttlyi-2&comdicnollc 
clhyl2-aLwo4-mcthyl-2-pealcrmrtr 
ethyl 2-dwro-2-hexenoltc 
cthyt 2-lwro-Y2-thicllyI~2propcnoltt 
ethyl 2-4uoro-3-(2-ftuyl~2-propcnoue 
clbyl2dwro-H2-pyridyB2-popcDouc 
ctbyl2-auoro-3-0-pyrktyl~2-pmpe-propcaortr 
ethyl 2-atmnAwttlyM-oxo-2-twpmDlIc 
ethyl butyl2&c-mkullualc 
ethyl 2-euce+pchbropbenyt-2-propc~~ 
ethyl 2-atwmt3-paitropbcayC2propeaatr 
ethyl 2-&mo-39bcnyt-2-pnlpcropcDorlc 
ethyl 2-~~y2oxocycb&xyl~2-propewotr 
clhyl2-aIbDrw3-ptolyl-2-pcopcacvlr 
ethyl 2buoroA*oyi-2-4lIe#rrtr 
efhyl3+wxloxypbcnyit2-aluxo-2-pr0pcmuIe 
ethyl ymeloxypbmy&2-eulNo-2.propclloale 
eIhyl3(puctoxyp&nyl)_2-h2-~noaIe 
ethyl 2-amr&Q&oyi-2Qeaclc 
ethyl I-bwno-y I-mphlhyl~2-pnJtmolfc 
ethyl 3qkwyi-Klldolyl~2-dlKm-propc~lc 
culyl cbcImyl-2-euom-2-&xoauc 

dichbmcetrldtbyde 
XCtlkkbydC 
dydnJdcW 
o-=tbrayluydc 
iS&ltynldcbydC 
bUt)Tlkby& 
2-foralylthiopbeac 
fatfunl 
2-formylpykdinc 
IfOrmylpyridiDC 
2-a.l&yl-Eoxwryde 
brnyl dyotitc 
pchbfobcn?ALdcbydc 
pnitlQbtnnlbeby& 
WY& 
bfomylcycbbexmoac 
MyWdcbYdc 
PbcOYbcctlldebY& 
o+ccioxybennldchy& 
m-&xtoxyknnldcby& 
pwctoxY+-==JdW(b 
2-pbenYb@ 
I-naphtkkbhyde 
Macelyl-3-formyliMble 
~f~ytbUtYlUpbCBOflC 

Sl 65 
75 65 
61 64 

: 6.5 65 
70 64 

66 60 : 
38 63 
3s 64 
Jo 64 

60 15 z 
74 64 
J2 65 
6a 64 
20 6s 

: 64 64 
61 6( 
62 65 
70 6s 

: 65 65 
60 6.5 
Y) 65 

and the resuking ahhol may undergo acid-catalyzed Tile same steruxhcalical Ilobs&ctivity is obsclvd 
allylic isomcrizatioo to afiord an o~-unsahuatcd a- wbcn ketones arc con&& with aduorinrtad yiid8. 
fluoroacyl tImi& 1S or. after hydrolysis, the mr- Thus, Kachkidt et ul.” obtaimd from bmtthyl- 
responding auboxylic acid. Unfortunatdy ketones with 5-bepten-2-one, dicthyl (ethoxycarbonyI)4luoro- 
unequal groups R and R’ lbnkiqg the carbonyl function mcthancpbosphatc ad sodium hydride a 1: 1 mixture 
are inevitably converted to a mixture of ZIE-isomeric of Z- and Ecthyl 2 - Owro - 3,7 - dimethyl - 2.6 - 
products (unless oae of tbcm, R or R’, is a tertiary alkyl). octdicnoate which was reduced with lithium ahunibm 

R’ 

R’\ ,c=() “\ 

R R /C=CF-:-F 
ij 

lb 

R\ 
-R’ 

c=CF-C--OH 
II 
0 
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hydride to yield 2-duorogtranid (ii!-lOand I-fltloroncrol 
(E-16). 10 tbc same omorw pranyIwetooc was coo- 
vated to a I: I mixtlm of z.J?- and E,E-a-fIuorofar- 
aesol (conwIt Tabks 3 aod 4 for a survey on Wittig 
reactions involving a-fluorinated ylids). 

A owdi5catioo of tbc Wittig reaction (SCOOPY*‘” 
tcchoiqw. ‘?hrcedimcosionaI” Wittig reaction) Permits 

perfect control over tbc olefio stcrcocbemistry, providul 
that ao aIdehyde is chose0 as the carbooyl componcot. 

a-Mctdlatcd /.?-Mhiumoxyallrylpp~oium halides. so- 
called “betabyIids” (17). arc tbc key intermediates in 
this reaction sequence. At this stage. diastcreomric mix- 

tures equilibrate due to rapid pyramidal inversion of the 
carbionic center adjacent to the phosphorus atom. If 
an aliphatic or aromatic group R’ and an hydrogen atom 
(R’ = H) compete for the stcricrlly kss hindered posi- 
tioo, the quasi-f/no udgumtioo (RS+SR, R' being 
alkyl) is favored to the extent of approximately 99.5%. 

T&e 3. Wtitig reactions ut&ing cr-Owriratcd ylidx with a C,-unit xx cbc side chain: rrplrccrocnt of carbonyl oxygen by a 
Owmmethykne. a Muommcthykne or x chbmUurommetbvknc plow 

mntuct smttiog materid: Okdo Mode of ylid 
FMUIUL structure cubonyl compound ykld% generation 

2~2,2d&Xovioyltfunn 
2-~mmctbyl)_lchloro-I-duoro-bexenc 
@uoKNnctllykr&cycl&xanc 
I-muwo-I-&pMK 
Muom2-pcorrllwrophcnyktbykne 
I-!Iuoro-2@nitrophcnylktbyknc 
IMiBwro-2-&ompheoylethyknc 
2-pchlo~l-Ouoro-phenyktbyknc 
@‘H~&8uomxtymoc 
BMwrortyrrw 
Bduororcyrrw 
I,lalbca+loc1eac 
I-hloctroc 
24mbromopbeaYlbpentiropropeac 
~~koyfhco~ummmc 
2-tpchlamphcnyl)-lchlom-13.33 

tembuoropoPw 
2@~ropkoyl~pcnuduoropropeac 
2-phmyLl&m-l$$3tctmlIuompropcnc 
2-phcnyl-l.3&hlo~l.33-tri&ropmpcae 
2pbcaYl-pco~oPropcac 
I-f?wro-2_(mcridwmmthyl pbenylkthykw 
2-Pb@-lA3JtaaOwmpropcnc 
2@anixyl)_l,ldiOuometbyknc 
I-borw2-pbenylpropenc 
2cyckhexyi-l&loro-I333-teuahropmpcac 
2+bmmopbcaylMeptuofo-I-bJtaw 
2-*nyCl-chloro-l33.4.4.4-bcx8Qwr*l-hteoe 
2-&&bc0taawro-l~coc 
2@toly~l&loco-l33,3-tetr8flwropropcnc 
2-bcnryl-lcbloro-l333tclrrdwropmpeoc 
2+-ani~yi~l-d1bro-l$$$-tc~wropmpcnc 
2-pbcn~lchbro-lS3,4AJJJ.- 

octlmwxo-I-pcotroc 
I-fiwr&,2di&mykthyknc 
17-Owmmethykae-Sadroxtea-3/3yl 

2-tctnhydmpycanyl ctber 

furfurd 
I.l,l-trallce2-hcxlwrK 
cycbolKxawnc 
bexanal 
pcntiwrobcnxakkbydc 
pnitrob*urldehydc 
plluorobcnzaldebyde 
pshbrobcllAdChY& 

_Ydc 
bCllAkbydC 
btaaldcbytk 

z 
mbmmopbcoyl triplwmwthyl ketone 
pchlotiphcnyl Mwmmcthyl ketone 

pchbmpbcnyl triduommcthyl ketone 
pfluorophcoyl tri&~~~mcthyl ketone 
pbeayl trituoromel4yl ketone 
chbmdilluommctbyl pbmyl ketoec 
pbenyl triauommctbyl ketooc 
mtriEwromcthyfbcnza&hy& 
phcnyl triUwrowthyl ketone 
PWYde 
1cctopbtDooc 
cyc&bexyl tJi&HXomcthyl ketone 
m-bmmopbeoyl peatrllwm ketone 
pcntiwrocthyl phcayl ketone 
pcntatlwrocthyl pheoyl ketone 
ptdyl triflwromcthyl ketone 
benzyl t&~oromethyl ketone 
pulisyl triouMomcthyl ketone 

hepwmpyl P~YI kemw 

bcfu.opbtnone 
5-aadmcten-17on-3~yI 

2-tctrahydropyranyl ctba 

69 
34 
69 
5s 
63 
r 

6S 
65 
64 
74 
65’ 
52 

suv 
86’ 

b 

i 
d 

b’ 
b 
d 
d 

df/ 
b 

de 
8 
I 

S3’ 
2l 

$ 
83’ 

E 
60 
49 
70 
8l’ 
42 
82 
48 
31 
61 
II 

C 
C 
C 
C 

ii 
d,e 
b 
d 
C 
4 
C 
I 
C 
C 
C 
C 

69 d 

I6 d 

‘lndy as a i7Bmixtm. if the new d&k bond is uoxymwtrically subxtituted. 
l Akkhydc, tripbenylphosphine and sodium chkmdillwr~txtc bis~l-utctboxytthoxy)-ct&r (“diglyme’) at MOT.” 
‘Pdyduorokctce. tripbcnyfpborphioc and sodium dichbroflwroxcetetc in I&bh-2awtboxy&oxy).&wc (“?ri&mc”) at WC.” 
‘Cubooyl wmpound and uiphcnytphoxphonio lIuommctbyM in tetrahydrofurnn. temperamre w from -7ST to WC of i?X.“‘” 
‘Chonyf compound. UhmGodomcthyiW~4~0y~~aium idi& md xinc-coppcr coupk in di~~~thyifonnuni& at OT.” 
‘60% Yidd, if the “SCOOP Y” llXtbai” wax applied. 
‘Carbooyi compound, tripbcnylphoxphire (2 cquiv.) and dibromodiUwmmcthxnc io bi~~2-a1ctboxy&1oxy)t&r at GOT.” 
‘Toptbcr with 20% I.l.l-tiwro-2-pnitmerocthrac, rexutt& from bacutdyrcd addition of HF to C,H,F,N&. 
‘63% Bduorortyrrnc. to&w with 12% rtymnc. when l cdution of (dwmmctbyl~triphcnytphoxpboaium iAide and bcnz~I&byde in 

&&mm&Me WU trc8ted wiul potauium r+lrtoti (2 cquiv.) 1t23Ty 
‘2% C,H,BrF, wzompanicd by 6.5% CJi,BrF. fbxxcatalyxui HF-addition!), if mbmmopknyl Muomwthyl ketoac. tripAcnyl_ 

ycompl(Litd by 37% C.H,ClF. (butadyxed HF-addit& !I. if pchbmphcnyl tritlwmmcthyl ketone. triphcoyl- 

‘Tk yidd reachal only 33%. when phcnyl tr&mromcthyl ketone yu trutal with (bm~mcth~oy@s.phonium 
bromide in the prucace d potauium Ou~ridc.~ 

‘42% 2+Bmmopbenyl)-bcpta&m-I-pentcue rccompankd by S4% 2-(mkomophcnyl)-bcptaEwro-2-pentene, ES&& from a 

w=d iSomfXix&on.m 
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r R -tc @P(C,H,), 5 R’ Rp’(C,H& 
R n 3 R Li 

Treatment with a proton donor kadn exclusively squently treated with &ipbettylpb~~phonio - 4 - (1.3 - 
to tmnr-alkenes, reaction with an ekctrophik X dioxolan - 2 - yl) - 1 - pent* (18). butyllithim, pcr- 
give rise to a sin& isomer of an biwbstituted ethyl- chloryl Ouoridc aad dilute acid, (2-thomaeryl)rceto~ 
enc. and (2-Ouorugcranyl)acctonc were idcnti5cd in nearly 

On the otbcr hand, a primary alkyl aad methyl group equal amounts.” 
differ little in St& requiremot. lkefon, wbcn 2- Tllus,tbccondensationppproocbalsoturnedouttobc 
mct!1yl-2-&pteo&ne, instead of an aldehydc, WM sub ioapproprtstc for our proper purpose. 

ethyl 2.~3mwnOmtfh~2ti~ 
culyl2-~3ubMbyl-2~kneaorlc 

cmwmtMeptc= 
ethyl 2-aum4adyC2-peamooue 
Iduoro4.halyl-l34Iedirac 
ethyl 2&dhXo-3,7dimcimttlyl- 

2&x- 
ethyl 2-01mtw3,7-&imctbyl- 

2hxtdkKmtc 
ethyl 2-&orww26.&trimctbyc 

Ilyckhcxcrlyl)prqX~ 
7d~~thycIql~xol- 

2-yli&n)_2.tko&&b 
ethyl 24h~1rw+methyM~2#&trimcthy~ 

I<ycbbcxeayt~24-pen~ 
ethyl 2-Buoco-3.7,1 I-trimcthyQ6,IO 

lhnkatrkavtc 
17&Mtu~w2-pmtcayl~~~3~yl 

2-tcttahyctropynayl etbef 

Propcvl 
isolnaynl 
cinrurmlrlrbydc 

s-auwo-2-methyl-2acpcraboac 

2-mcthyL2-hcptc0 
2$5@rimcthyi-lcyck&xcoyl- 

cafbkbydt (“pcycbc~‘~ 

2-a%thyl-2-llcptcD-6-on 
I42.6,&rhctbyl-lcyck&xcoyl~ 

I-hten-Soee (“BioIbDoc3 
lu&lim&yt-~~l~ 

ow wrMYLce(ooc”~ 
S-pct@wI7~,D-3~yl 

2-teuahydropynnyl etba 

s4 
63 
52 
5s 
25 

53 

58 

50 

30 

a 

4a 

29 

b 

b 

C 

‘lfmumymmctkaUynhstimtidouMcboodis~tobc~, lbCtWOpIibkU+WUiOml iummlvm~ba 

f~~I~y~~y.Exoeptiom~fouDd~rldeb~~urbmircadcoscooPYokfiartioa~,tbc 
hdo-dha hmed h* almost exchivdy Zan@ntbnw (u&n l rwIicd chin mcchhm iatuvenes) or xl&by&s are 
co&aKd with &ethyl (cttKlxyarbooyl)4~~ Ilate. tbe CsteJI bcilq obhaed predomiBantly (40%) u Bbomm.” 

Vubooyl compound and TO-ybd” prepared from dkthyl etboxycubonyl 
1135T.” 

mcth&orpboarrrMdrodiumby&idc,iadietbyletkr 

‘“SCOOPY” dnique.- 
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Cyclo4ddition mcti0n.f for jluorinr introduction 
Tk general synthetic concept was already outlined in 

lhe Introductioo (p. 5): ioscrtioo of a ltuorwthine 
moiety into a CC doubk bond and the addition of an 
hydroxyl group IO the newly constructed allytic system. 
Of course, one -1 arrive at this goal by one-step 
process. The practical realization relied on the pre- 
paraliorP and subsequent ringopening of chloroflu- 
orocyclopropancs 19. 

\ '0 1 -i+ F 

I.1 - dibromo - 2 - phenylcyclopropane as the starting 
material. As anticipated from related studies with 
nlol&lhXo- and gemdichlorocyclopr~,~ 
ctirotluorocyclopropancs proved to be much more 
reluctant towards ring opening. Silver acetate alone was 
not effective. Only in the presence of small amounts of 
silver perchlorate or silver tiuoboratc did a still 
relatively slow reaction lake place around WC to give 
I-IIuoroallyl acetates in satisfactory ykkkb.” The cor- 

. 
R~‘C=CH, ‘COT RRC-CCH, ro RR’C -t- 

‘c! I 
F I al 

F’ ‘Cl 

I 
l?uc=c-cn, 

I 

Skell and Sandkr previously described an annbgous responding I-RuoroaUyl alcoMs were either obtained by 
reaction with I.ldibromocycbpropancsanes, which were acetate hydrdysiabgO or, directly, by solvdytic ring- 
found to hydrolyze readily upon interaction with silver opening in aqueous dioxanc.” In this way, a whok series 
acetate in acetic acid in the temperature range of S& of 24uoroallyl derivatives has been prepared, among 
WfC.“” Thus, for exampk, 2 - I - acetoxy - 2 - bromo them the acetates (R = OCCH,) 28.21 and 22. 
- 3 - pbenylprupcne was isolated in a 53% yield based on Let us consider now the stereochemistry of the cy- 

4 
A- 

47 
-- 

A 20 
RO RO F Cl RO F 

R.04 . ““4 -w ‘*O-- 21 

UO R’O F Cl 

/J..+--A&y-q 22 
Br F Cl F 

R-OOCCH,, H; A’-C,H, 
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cloaddition/ring+pcning sequence. Upon addition of 
chlon-horocartxnc, a 1,ldisubstitutal ethylene with 
two unlike alkyl groups is convcrtcxi into Iwo dias- 
tercomeric chlorofluorocycbpropanes. In the course of 
solvolysis each of tbcm undergoes a spcci!k motion.R.” 
The ligand occupying a fmns-position with respect to the 
leaving chlorine atom invariably ends up at the exeside 
of the emerging ally1 cation 23. whik tbc ligand holding a 
cb-neighborship rotates lo the e&-position. Cob 
sequently, syn- and unfi-chbrofluorocyclopro~ must 
generate confjgurationally dihrent 24tuoroallylic cations 
and hence should lead to cohgurahally diiennt 2- 
fluoroallyl acetates (or alcohols). 

: 

However, w&n diastercomerk mixtures for ~yn- and 
anficycbptopanes were separated by gas phase chroma- 
tography and submitted to tbc usual ringqening pro- 
cedure. both z- and E-2-Buoro-1-auyl acetates ahvays 
resulted. Tlu reason is that I& major primary product of 
s4Avolysi.s is the rcgb-isomeric 2-fluoro-lallyl acetate 
(U), which io acetic acid sotution undergoes a con- 
Kcutk swturai rcorganisation to the t&r- 
modynamkally more stable primary acetates (Z- and 
E-a. 

If tbc chlorofluorocycbpropancs arc ring-opened io 
aqueous medium containing pyridine ratbcr than in acetic 
acid, again solvent atIack to tbc alkyl-bearing allytic 

carbon atom is favored. The terhry 2mlyl al- 

cobds thus produd arc stabk, however, and may be 
isohfal.” Tertiary ally! aceten equally survive, if the 
tanpeaturc for the reaction can be bwcrcd, as evi- 
dencad by the silver acctateiruhcal acctolysis of I,1 - 
dhnno-2J-dimetbykycbpmpaneAtWC,SO%2- 
hmo-3-methyl-I-buten-3-ylacWtetogcth 
with31%2-bromo-3-wthyl-2-butcn-l-ylacetatc 
arc ohined.” 

The intermhcy of terthry 2-hroaltyl acetates in 
tbc acct0lysi.s of chbromwmKycbpropaacs bas been 
demonstrated by gas chromotogmphy analysis of tbc 
productevohtionurfunctbnoftimc?Thm,2-fluor 
-3-methyl-l-buten-3-ylacctPte~rrc~to 
prevailco~ovulhcisomcricprimaryacctatcin 
lbc cufy stages of tbc acetolytk ringqcllil@ of 1 - 
chbro - I - thxo - 2.2 - dimcthykycbpropanc (Pi. 2). 

w 
W 

w w 
F 

-F 

R . 

-- F 

[,.,I,? 

F 24 

E-2b 
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The same kinetic study rcvcakd, that with probnscd 
reaction times 2-Ruorodiencs (such as 26) and a-lhboro- 
enones (such m 27) are formed in noticcabk quantities. 
Appnrcatly the 2-ll~oallyfic cstions can lose a proton 
to give tbc diem. Rcprotonation of the dknc may 
gencnMe a thcrmodyrrpmicolly favored Muoroallylic ca- 
tion, which can add an acctoxy group and than collapse 
to afford the a&unsaturated o-tluorocarbonyl com- 
pOUdm 

26 

sis of the carbon-halogen linkage. The cydo&Iition 
product 28 contains the structural element of an !A- 
dibbakm and. consequently is prone to a frag- 
mcntatbo proces~.~* Under the inttucnce of zinc tbc 
halide X (chlorine, bromine or. after an eventual Fii- 
stein exchange, iodine) are elimiaatcd and the c&on- 
carbon bond opposite to the fluori&xaring ring atom is 
nJpnm?d.WW 

2 - Fluoro - 3 - methyl - 1.3 - blltaditnc (‘%J- 

27 

t-Ruorodknes, previcuAy tit unkIKWn were oroisoprcnc”) looked particularly attractive as a potential 
found to be generally and rdify xxusibk by a related. constructi unit for lhrorotcrpcnc syntheses. When 
but highly eBcknt and spacibc wtbod (Tabk 5). Under treatal with bromine at -WC, 2 - 1.4 - dibromo - 2 - 
twephasc conditions filly1 chlorides and even ally1 Buoro - 3 - methyl - 2 - buteo (a) was detected by NMR 
bromides con be converted into tbc corresponding spectroscopy and gas chromatography as tbc sole product- 
chlorofborocycbpropancs witbout apprcciabk hydroly- only wbeo the reaction mixture was warmed up to room 

Tabk 5. FhmrpL3dha by dnctivc tiugogcning d chlwodwro-o-hrkpdykyclqqmna 

C&F 24uore3-nlctbyl-I $-butdkac 2-awbyhuyl chloride’ 98 
c.w 341nm+2-alctbyi-13peaadkner B-2-awbyc2-buwoyi acewe& so 
C&W 3-hwno-cm#byl-l3.pca~Dc 3-wbyC24!4Itcayl brodk 80 
C,H,,F Muoro-Z4dimclbyLl3pe~l&iicoc 23-dimctbyi-2-bufcayl chbride 
C&F I-awrw2-mctbyw-cy~ I-mctbyl-kycb&xmyl accmd zi 

‘222Cd0nLb2 cAlm&mxydopropac. obined from II32 ally1 Wide pfecurw. 
‘Exw of be (cxocydic) &bride apiust io&k u tbc stage of the cbbrduocycbpmpaac iawnduc. 
‘Srrrcockmhey:ZIE=87:13(~yLldlftalhrI#rC)r~outwitbrry~ortCcydoprop~of~:3; 

ZIE-3s:~(~yidd~~90minl~)rtutinloul~rr~~Ydopropncntioof 199. 
‘Twesrrp rcphccwot of acaoxy a&in1 bromine a1 tbc rryc of tbc chbro&wocycbprqnc iotcraddc. 
‘T$k wetate. 
‘obvbdy formed from the or&l 2-tlwrel-mc1byi-l3-cyclobepuditar by two conwcdve IIJJ-bydrogeo 

shifls. 
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temperature did anotbcr product appear which was prob 
ably the comsponding E-isomer. 

The only nmainiog problem was now to sekctively 
replace one of tbc hctcrockments at tbc terminal posi- 
tions by another halogen or another functional group. 
‘Iben an assembly synthesis could be carried out by 
combining it fint with a suitable build& block at the 
more reactive side of the fluoroisoprcnc derivative and, 
subsequently. by attacking the kss reactive side in or&r 
to compkte the target structure. However, aIl ‘Un- 
symWricfJ’ ekctrophik4 faikd to edd rcgiosckctivdy. 
Numerous reagents and reaction conditions have been 
tested, but invariably a product mixture was oWned 
composed of two pairs of lhdducts (eventually as 
Wondary products) and Ihdducts. 

X' F X F 

31 32 

Notice. however, t&t both l&edducts (31 ami 32) 
hve coascrval the zcor&urath. This stcrcosekc- 
tivity is p&y due to the dclocalitation of positive 
cbargc at tbc transhh state of tbc a&Son reaction (as 
iIlustratcd in 29). !hcb a delocalihoa requhs ce 
phlrity of the original dicne system, which can be 
achieved satisfactorily only in an out-strctcbcd aJui- 
periptanar geometrical arrangement. Delocatization of 

Z-30 

nqzafiu cb finally laid tbc foundation for the dcs- 
peratcly sought stcn?osekctive synthsis of fhboro- 
terpe=. 

The peotadknyl anion (33) and its organomctallic 
derivatives exist almost exclusively in the out-stretched 
z&zag c&Xhmation (“W-fomr). lbc altcmdve “s”- 
and “U”-shaped torsional isomers being present only in 
non &tcctabk quaotitks” Tk introductioa of a 
methyl group into the 2-position (anion 34) may su5ce to 
alter this stcTco&mical pnfercrKe. however.wD It was 
completely unknown whetbcr and bow the con- 
formational equilibrium would be affected upon further 
replacement of one mcthyknc terminus by an isokc- 
tronic imino group (anion 35) and. in addition, sub 
stitution of tbc hydrogen at tbc Iposition by a fluceinc 
atom (anion jr). 

Tbc prcpPration of the rcquircd starting material, tbc 
encazomcthi~~ 37, ponin rclkd on a cycb3ddition/~- 
opening sequence. The chbrofluorc~ycbpropnne ob 
taincd from methyl 2-methyl-I-propenyl etbcr readily 
hYh’r,T”d to aed 2-l?Wro-lmcthyl-2-b 
c15%). which wan co&n& with rhtyhmh to 
aflord tbc pzometbine 37 (70%). 

Lithium dihpropytamidc in tctrahydrofuran ~~tution 
and in tbc I!escncc of bexamcthylphoQplKlric triamh 
effectal a &an deprotoartion of one allytic methyl 
goup.llKrcsultingmctauatalspecies3a~oone 
singk product upon trertment with methyl iodidc.W Al- 
thughthcni~istbemostprobnbkbi4ingsitcfor 
tbc lithium atom (as illustrated io formula 381, tbc methyl 
groupwasaotexpcctaitoLuatta&dthcrc.Onlywbcn 
mctallatal azomcthines are subjectal to ocyhlfion ia the 
ekctrophik pnfcrentiafly 6x4 at the bctcroatom.‘a~‘y 
The remaining pos&ilitks were either chain &n&on 
by methyl attack on ~JJC terminal mcthyknc group or 
branching of the carbon skeleton by methyl binding to 
the lhri~-bearing her carbon atom. As was an- 
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ticipad from aaabgw behavior’s of tbc lithium prenyl bromide gave rise to one isomer, tbc desired 
derivative of tbc rmtcturally cquivakot but balogca-free Z-form (Z_) excllLsively. 
ti0JSt&fEW- boOd was exclusively MccrweidPo~~&d-ty rcducho of this cumpoud 
formed at the central position. Hydrolysis gave pure by mcaru of isopropurol/alumi~~ fumiakd Z - 2 - fluoro 
t?wro - 2$ - dimethyl - 3 - bulcd’p (39). - 3,7 - dimethyl - 26 - actulico - 1 -d (2-UuorogerhA, 41). 

&N~?-&;R-&NR- Jy% 
F F 

LI H,C F H,C F 

38 39 

Fomurotely the rcgiosckctivity of t& alkyhtioo rcac- 
ho with allylbromidc 8Dd 3-methyl-2-butenyl bromide 
(“prcnyl bromide’) turned out to bc much less un- 
favorabk than in the case of qutnching with methyl 
iodide. The bra&cd and tbc chaio-elotlgated products 
were fofmod in spproximately equal amouats.~ 
Mmvcr, the separation of the rq$oi5owrs was found 
to be facik, once tbc az.omethincs had been hydrolyzed 
to tbc conwponding aldellydcs. surprisingly, tbc stereo- 
chemical outcome of the alkylation reaction varied pro- 
foudly as a fwhhon of tbc chosea wnt. With ally1 
bromide a 1:l mixture of Z- aad E - 2 - lluoro - 3 - 
methyl - 2.6 - bcptadkd (&) was obtained. wberw 

H,C F 

Anabguusly 2duorofaracsol has been prepand by 
alkylation with myl bromide and the synthcais of 
11,14dahwnosquakne is u&r way. 

Obviausly this wa8 tbc report of an odyssey. If it is 
true that our little bent ha8 &ally reached a safe har- 
hour, OIK SbLnlM not praise tbc captain who only in- 
dulged in the advcoturc but tbc crew wbo bore the 
hudnhip of a hanb dubking: Y. Bd&c, K. F. 
Christmantt, G. Foquct, G. Heinz, V. Ladcnbcrgcr, Le 
Van Chau. B. Spahic. Truong Thi My Thu, M. Zim- 
meramnn. We gntefnlly remember the wbo helped 

*- - *o 
R R 

*Oo.R=H 

4Ob :R=CH, 

*o-+ 
F F 

tAccwdio# IO l roccat Rp0rt.y the tilhium duintive of 
witbquipmcnta0dsupplicsatthetimcwbcntbeex- 

ulim3sum&maI(-mwitbpreoylchhidrloyiJdr p&ion e&n&d (Ikrtsche Fonchmgsgcmdaschaft, 
mixturcum~thn?cproduc~.Tbcminor~lbalt Bonn-BadGodesbtrg)andthroughantbeyarsofgoinp 
hughtylo%)iSthcdSiD&o@ediminccarrrpoadialloyb WY(Sh n&e&ha Ndondfonds mr Wnimng da 
bum wia bylfropll in phce or a,wine. ,q,,ma* the ue,eo. wimnsclro/llichcn Fonchmg, Rem). hd one shld, of 
CbembtryOflbCpdUCfkUaOtb?!4?OClldUd course, be aware of the incompktcncsa and subjectivity 
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of any fcmiftiscencc: althoudr WC have urivcd at many 
cuam and seen many bohxts. large unknown areas 
have yet to k explored. (For guide book offeri~ corn- 
pkatcntuy utd mom cmttpeknrive infmtioa sec. 
C.& Refs. M&112). 

‘R Pccac. Car&m-ho&t Compoud~. p. l-27 A CIBA 
Jhduaon sympowm. E&m. Amatelhlt1412) 

‘B c. Salldtn. cadon~flronu c0mpoAul1. p srn A 
CUM FkroduDn synlposlum. Elbcm. Amudam (I973 

‘F Swwts.Brll Sot C-him JhQ 3&99(1929) 
‘la@aJ dcbyddoa of ctbyl2 ~01~0~omtbyl~ 2 . bybrory. 
popioartc~ H. Ma&kilt. V. H-n aad H. BOn(a. Guru 
f.a#I Ann Ch u7. 35 (1963) 

‘Note Jso t&t Iw xaewwatoacmd0tbu~dur~ 
bonyl ccqouadr form u&k by&a&s. bcmhcctda ud be. 
amnimb C. G Kmpa ud W J Mddkron. Fhonru 
cum. J&i. 1. I43 (I%f) 

‘RA.P*m.P Bu!hR.W WakchnudL.C.ThoewPrw. 
Roy sot B14.. 497 

‘0 W Fr~sbicr.LK.GtiamiE Kun.l Bid.Chrm 
237.33a (1%2); 2s. 42.3 (I960 

‘RJ JhmmclaadE Kun.IbidW.2%6(1%9):rlsocf.H.L. 
CwrcJJ & J P Cikrta. Arro Cryrfwr 29. 4364 (1973) 
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