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Ahmd-l’be prtvhsly &served cycbpropuntioo of alkenes by hdhtion of diichnclbur (I) iu the& 
presence hu been sulkd in more detail and found IO be a ryntbctially useful procedure which b s~tfy ku 
subject IO skric acts llnn lbe truMio4 SimmonsaQitb wlblld. The reallls from phocy&propWtbo of I 
varidy of alkener are summarized in T&&s I aad 3-(. In a number of cues he photocbemial procedure 
ahNkd impfoved ruufu over the Shmons4llitb WIbod. putaariy with strriaIly coqesfed alhe%. 
Cycloafkenes sbowed relative rates of pbotocyhpropumtioa as a function of k ti siihr (0 hose of Ibe 
Simmons-Smith WM (T&k 5). However, Ibc pbotocycbpropanation ructioa exhibit4 at&ily increuipr 
relative rate3 with increashg sub3titutioa about the do&k bond-i0 ca~tmst with the !3mmou&hitb method 
flabk 6). in wtticb stcric cUeccs oUsct incrusipl DU&O&WIY of tbc afkcac with keuipl sthsthution. ‘lb 
a-iodocation 2 is s-ted 01 the metbykoe transfer sguzies. In he prese~cc of lit&h luomide cation 2 was 
trapped 10 rdord brmoiodomeUme. 

Previous studies in these laboratories have shown that 
irradiation of alkyl monoiodides in solution is a con- 
venient and powerful method for the generation of car- 
bocations. via a process thought lo involve initial light- 
iaduccd homolytic ckavage of the C-l bond followed by 
electron transfer within the resulting caged radical pair.’ 
If the gcminally disubstituted analog diiodomethanc (I) 
were IO exhibit analogous behavior, the a-iodocation 2 
would result (Scheme I). However, irradiation of 
dibromo- and diiodomethanc in the presence of alkencs 
is reported to result in methykne transfer to al?ord 
cyclopropane adducts.L’ via a mechanism pro sed to 
involve the intermediacy of ei&r q ethykne e or an 
excited state of the dihalide’ as (be mcthylene transfer 
agent. We wish IO report here a more detailed study of 
this reaction for diiodomethrne (I) which shows that it is 
a convenient and useful method for the cycbpropanation 
of alkencs which has some distinct advantages over the 
traditional SimmonsSmith procedure. The u-iodocation 
2 is suggested as the methyknc transfer specks. 

MSULTS 
The results from irradiation of diiodometham (I) in 

the presence of cyclobexem (3) under a variety of con- 
ditions are summarized in Tabk I. As noted previously. 
(Ior- (4) is the principal product but is usually 
accompankd by a mixture of I- oad 3-methylcycb- 

[‘CH,II ]- ‘CH,I + I 

2 

CH,Br, - - BrCHA 

!scbcme I. 

bexeae (S and 6) and cycbhcptenc (7)-a result attri- 
buted to the involvement of mtthyknt. which uadergocs 
competing cycbpropanotion and C-H insertion.’ 
However, control studies have now revealed UMI nor- 
carane (41 is converted to a similar mixture of &se same 
alkenes on either irradiation in the presence of iodine or 
treatment with HI in the dark (Table 2). It was sub 
sequcndy found that irradiation of diiodomethoae (1) in 
the presence of cycbbexene (3) al?orded norcaraaC (4) as 
the exclusive product when the irradiation mixture was 
stirred with a scavenger solution of aqueous sodium 
thiosulfale and sodium bicarbon8le (T.&k I). Several 
ditlerent light sources were fouml to be effective. A 
preparative scale run using a sun lamp and 0.1 mol of 
cyclohcxenc (3) in lbc presence of scavenger aI?ordui 
norcarane (4) in greater than 7096 isolated yield. 

kt p’:? 
H( 

-I- 
5 a 7 

The results from the photocycbpropoartioo of a 
number of allrents in tk presence of the scavenger 
system are summarized in Tab!cs 3 and 4. Also included 
are the ruutts from treatment of these same alkcncs in 
the dark with diiodomethanc (1) and Z&u couple, the 
traditioapl SimmoneSmith wthod for the cycb- 
propubatbo of alkem.’ Photocyclopropan8tion occur- 
red readily with a wide variety of aIkencs, iecludiug the 
stcrically co-ted tdu-substituted alkcncr 2). 30.31. 
and 34. By cootrast 32 afforded IK) &duct using two 
ditlcreot procaiurcs for the Simmons-Smith m&xi?’ 
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T&c I. btdiho of diDdowt&nc (1) in tbe presence of cydobcxerw (3Y 

yLeld, 6 -- -_ 
Ill. 94 131. n t1w. h I 3 4 3.7 

_ _ 

o.os= 0.18 2 4s d lb 9 

o.os” 1.8 2 14 d bb a 

O.OS=‘e 10 2 19 d 80 f 

O.lJBBh 0.05 11 d I3 70 i 

0. Ibh*’ O.Ct3 lb d : so i 

a In l,Z-dichlorowchmm rolution. b Oec~mimd by gas chrwtosraphic amlysir 

relaciw to WI lnc.mal hydmcarho” sctird. d InadlrtIon co”ducc4d al . I-•L 

solution concaind in . Pyrex tuba surpndod in . Raymat RPR-100 photochemical 

maceor qutpped rich . clrcul4r .rt.y of lb FM5 BL 1-s. d 
Nor decaruned. 

l 1rradiati.m nm in noat cyclohexm.. / trace. Cl Inadlation conducted on . 

IO-•L solution contained Ln a Pyrex mad-bottard flask quipped rrth 4 ugencic 

$clrrin: bar, condsnsrr. urd nitrogen inlet md suspended 6 cm frca a Hmovla 

450-N mercury .rc quipped rich . reflector. 
h 

StIrred rlth 3 l L of an queous 

solution lo\ each in sodim thiorulf4te md sodium bicarbonate. ’ None detectable. 

’ Irr~di~tla, conducted on a lo-•L solution cmcaincd in a Pyrea mmd-bottom3 

flask quipped with a rflecic reinin: bar. condenser. and nitrogen inlet and 

ruspmdcd in . r4yon.t RPM-100 photochemical reactor quip+ rrch . crrcular 

.rr.y of lb PUS BL 14~s. 

Tab& 2. R~wnl of ~olwl~c (4)’ 

.sondit1m1 tin, 
h 

rI*ld 

4 s 6 7 

hVbll o 
2 

8 d 7 39 0.2 

dark/H14 2.5 d 2 28 0.5 

a Conducted on lo-ml. dlchloromchuw solutions 0.0s Y in norcarum (4) aad co”- 

cained la . Pyrex road-bottomed flask. 
b 

Flash ruspmded 6 C. Cm. Hraorlm 

450-W rrcwy .rc qulm with . reflector. ’ (km -1 aqulr. 
d rnc*. 

Reaction was usually qmtc &an, with M) detectable underwent some competing isomerihon to the fmnr- 
formation of either C-H insertion or secondary products. alkeaer 32 and 38, respectively, and subsequent cycb- 
cis- and rmr$-3-Hexeac (16 and 18) underwent stercos- propanation.‘” Bicycbbcxylidem (40) aebrded some of 
peciec reaction with 00 detectable formation of the the homologous cycbpropanc 47. presumably via 
isowric cycbpropane. The more highly strpincd cis- isomerhhon of the initial adduct 41 to alkenc 46 fol- 
di-t-Bu and diisopropyl analogs 3 and 36, however. lowed by recycbpropanation. 

-[01]-93 
46 47 
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Tll!& 4. Pholocycbprop8Mtion of vhus dkete3’ 

IlLrIle 

5 

9’ 

t*ee, 
h 

4.5 

I: 

yield. \’ --__- 

alken. cyclopmp4ne 

14 8. 68 \SJ) 
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12 
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16 
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I.‘(1 

20 
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.I 
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0 

10 
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5s 

IS 

69 

4b 

ss 

43 

1, 

49 

1.‘. 64 is<) . . 

4s. J6O (9) . . 

a Imdl4tloas w.r. ccaducted on lo-•L solutions ln . Pymx rcund-bottoud 

flask .quippd with . rp*tlc stlrrln~ bar. condenser. and nltrotan lalet tube 

and suspmdad 6 C. “P . Hwvla ISO-Y wrcury .rc equip with . mflwtor. 

l%a solutions were stIrrod with J mL of an aqueous solution contalnlnp 101 

sodlu thlosulfate aad 108 sodlu bicarbonate. which was chn:ed every 4 h. 

b Determined by gas chroutographlc analysts relative to an Internal hydmcarba, 

stmdard. Wubers in parentheses .I. for the Sims-Salth method; for the otl- 

~lrul Ilter~ture clt~tion, see ref 7. ’ Solution contained 0.5 101 of alken* 

and 1.5 loI of dltodoathane. d l,Z-Olchlorwthans. ’ Dlchlororthan.. I The 

procedure of r*f 8 “.a followed. g trace. 
h 

After 8 h: 22. 0; 23. 12; 24. g; 
_. __ ._ 

2s. 40. f Solutton contained 1.0 WI of alkme and 2.0 rol of dilodowthane. 
__ 

f The procedure of mf 9 urns followed. 
k 

Corpet1ng forutlon of Cmu-~lken* J2 __ 

and -cyclopropw~e SJ observed In 69\ total yield. ‘ lbo l ddltlonal midentIfled 
__ 

.pxdl,cts formed In tr.c* qurntitlcs. m Coqcting formation of tnm-alkene 

38 and -cyclopropan. 39 observed In IOI total yield. ” Cyclopro~e 47 c-btaind 
_- __ __ 

In 68 yield. ’ (he m3dition~l uridcntlfled product obsmwd In <Sk yield. 
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F&r comparison of the photocycbpropanatba arxl 
Simmons-Smith methods is seen in Tables 5 and 6. With 
cycbalkenes the two methods displayed similar relative 
rates as a function of rin8 size tTahle 5). On the other 
hand, photocyclopropanation exhibited increasing rates 
on goiq3 from cycbhexene (3) to I-mcthylcyclohexene 
(5) and then 12dimethykycbhexem (9). whereas the 
SimmonJSmith procedure shows a smaller increase on 
going to I-methykycbhexene (9“ and a decrease on 
going to the dimethyl derivative 9 (Table 6).“.” The 
relative rates in the case of the SimmonsSmith reaction 
apparently arise from increasing steric effects offsetting 
increasing nucbophihcity of the aIkene with increasing 
substitution. This is also seen in the case of lirnoneae 
(22). which undergoes preferential reaction at the less 
highly substituted, but also less hindered. isopropenyl 
double bond under the Simmon-Smith conditions to 
afford cyclopropanc 24.’ By contrast, photocycb- 
propanation occurred preferentiahy at the more highly 
substituted cycbhexenyl double bond to afford adduct 23 
as the principal product. 

As seen in Table 7. the quantum yield for formation of 

norcarenc (4) in severaI solvents was approximately 0.2. 
wbercas the quantum yield for disappearance of 
diiodomcthanc (1) was approximately twice as large. la 
neat cycbhexene (3) the quantum yield for rbrcpIpIK (4) 
formation was substantially larger and more closely 
equal to that for disappearance of dibdomethane (1). 
Finally, it was ohserved that irradiation of 
diiodomethane (I) in the presence of lithium bromide 
afforded bromoiodomethane (53%) and dihromoethanc 
(19%). 

From the preceding results it is clear that the photo- 
cyclopropanation of alkenes is a synthetically useful 
reaction which is frequently superior to the Simmons- 
Smith method. particuIarIy for sterkally congested al- 
kenes. Its principaI drawback. competing rearrangement 
of the starting aIkenc or the cycbpropane adduct if it is 
particularly sensitive, can often he minimized by efficient 
scavenging of the iodine ad HI by-products. The 
methyknc transfer species involved is electrophihc, 
highly selective, and relatively insensitive to stcric 

Tabk 5. RelIlive later d cycbpropamtioa al a htnction of cydoakcnc + Ii2e 

l lkrn 

rthod J 7 11 
we 

0$‘2. Ihp 1.0 1.4 1.7 

oLg2. h&4 1.0 l.lEb 1.6ob 

= Indiations I.= Mductd on IO-mL 1.2-dichloroethane solutionr, 0.1s W in 

d11odmeth and 0.0s M la each 01 two l ltmos,cont~ined in . ramd-boctomd 

flask rurpnded 6 " fm . bnovia 450-N rrcuy .rc aqulppd with . raflector. 

The rolutions wore stirred with . s-•L q-* 9oluti.m cont~lnin( IO\ lodiu9 

thlosulfata and LO\ sodiu bicarbonate. lha irradi~tlonr Yere c0nhwt.d for 2 h. 

co approxiucely lo1 conslqtion of th I)= reactiw alken.. 
b bf 11. 

Table 6. Relative rates of cyclopropaaalion as a hncfion of IJK degree of substh~ion of the alkcnc 

rthod 

cn2’2. hva 

a212. 2nKu) 

3 

1.0 

1.0 

alkme 

S 

J.6 

2.11b 

9 

8.7 

o.s9.0 0.94b 

= ldations “.rd conductd a, lO-mL 1.2-dichloroethana solutions. 0.1s II in 

diiodorthane md 0.05 I4 In each of two l lktnes,conc~lned ln l romd-bottomd flask 

suspmdad 6 Q from . bnovia 60-N wrcury .m equipped with . reflector. Th 

solucioas w” stirred rich a J-mL aqpruous solution containin lo\ sodium chiorul- 

fate and 108 sodiu bicarbonate. lha irradiations wer. conducted for 1 h. to qe 

proxlucely 101 connrqtim of the mm re~crlre altone. 
b 

Raf 11. o R*f 12. 
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T&k 7. Quantum yielda for tbc irndidon of diiodomcthw (1) in the prcuacc of cvckbcxcnc (3’ 

cyt loheulna 0.78 0.70 

V’2 0.36 0. I4 

K2Hs~20 b 0. I4 0. IS 

b %% 0.4s 0.20 

= CMtsrmiafd as described in the fxpcriuntat Sottion m sofutiars 0.07 M 

in 1. b IS] l 0.07 w. 

effects. The high selectivity, both for I over C-H in- 
sertion and for reaction with a more highly su~titut~ 
double bond, are inconsistent with the intermediacy of 
mrhylene as proposed previously.‘J 

In analogy with monohalides, independent photobe- 
havior by the two halogen substituents of diiodomethanc 
(I) should alTord the a-iodo4on 2 (Scbeme I).’ Indeed, 
the presence of this intermed~te was confirmed by its 
trapping with lithium bromide to afford in high yiekl 
bromoiodomethane. some of which underwent further 
conversion to dibromomethane. It is not unreasonable to 
assign to this same intermediate the role of methykne 
transfer agent, as shown in A. This species would be 
highly clectrophilic and substantially kss subject to 
stcric effects than the organotinc intc~ed~te (ICH&I) 
thought to be involved in the Simmon~mi~ reaction.’ 
The effects of cyclohexene concentration on quantum 

The alternative possibility of stepwise addition to the 
alkent as depicted in B seems less likely in view of the 
stereoselectivity of the reaction and the lack of rear- 
nngai products in the t-Bu systems a, N, 32, and 
&which are highly prone toward cationic rearrange- 
ments. On the otherhand. stepwise addition by the 
analogous intermediate + CHII derived from irradiation 
of iodofon in the presence of l~d~e~yicy~k~te~ 
(481 would account for the observed rearranged products 
51.” Cyclobutencs readily undergo ekctrophilic addition 
whereas cyclopropanation would require the formation 
of a highly strained product. 

It is clear that irradiation of geminal diiodidcs in the 
presence of unsaturated substrates holds promise as a 
broadly useful cyclopro~~t~n procedure. Studks 
continue on both the synthetic and mechanistic aspects 
of this interesting reaction. 

yield displayed in Table 6 are readily explained in terms 
of competing trapping of the &&cation 2 by alkene to 
afford the cyclopropane adduct and by iodide ion to 
regenerate the starting diiodide. 

CH# 
l -H 

A B 

-AL 

Gad stthfs. Gxs chromalgnphic adyscs were per- 
formed on a Hewktt-Packard 5750 Mrumcnt ush IOh x l/8 ia. 
stainku steel columui packed with eitbcr (A) ##b CUb0WU 
XJM or (B1 M96 SF-% on W mn;b c- W. Prt- 
$!uativepscbfWtoqrpbywucuriedoutoocitbclrVubb 
Aerogr8pb !Jo P or 920 imaurneat UsiqJ 1OftxIHiD. Of Sftx 
1/4in. c&mttts packed with tbe mrteds ducrikd above. IR 
spectra were obhbcd with a Perkitdmer 421 or Bechatt 4250 
gmtiq spectrophotoateter on CC& sobs. Proton NMR gwctn 
were otlubed on c&brQfonll-d soWxtl with a v8fiM XL-loo 
spectroaete~; Lta a rcprtcd ia the lotlow& mumcr: multi- 
plicity (a-&if@& m-unfebotvcd mlbttipkt. led k a- 
haded sin&t), irltegration. couptiq cQmtMt. Md al&- 
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ment. Nus spectra were obt~&I with M AEI MS-9@2 rpcc- 
tromclcr. 

Jrra&Qiou. Rwrc were ColBducfed u in&nled in Tables i,2 
xmi 4-6. ~tkcw were obt&d ccmnachlly ad discilkd 
before use. except for 28.” (D3),“ 34.” 40.“ and 42,” wbicb 
were prepurd u pnviowJy dcrcribad. 

At~e~of~~~~~h~wxsd~. 
tbc qtuous ptbuc was bwlrcxtr8cfcd wilh SOmL dietbyi e&r. 
and tbc combioed or& pfncs were dried over rrt N&bq 
followed by rabyd N&I,, fIltered, rrd cooocntntcd by dix- 
till&Do of tbc solvea &rint& a V&ox coiuma. Preparative pc 
cbroauto@xpby rilordcd tbc follow& products u cobrkls 
l&lids: 

l-h&h&4-( 1 -~h~c~~p~p~b~~io(4.1 .O)hcpfa/‘e (25) 
wxs isolated xs 8 I: 1 mixture of ry md anfi tin (u 
dctenniord by ‘H NMR): *, 3on, 3060.2994.29%, 2923*2862. 
2738,14SO, 1429,1381.1310.12%.l269.11811. l120.1&72.1042, 
1032, 1011,971.9S8.932,904,&77~864. SS3,6?3cm-‘; ‘H NMR 4 
0.99 fbr s. 3. CH,), 0.85 (I. 15, CH$, 0.80 (s. 1.5, CH,), md 0.13 
(m, 6); m/c 164.1563 (cakd for Cl,Hp. 164.156Sh IU (29). 13s 
(13). 121 (13). 109 (8). IOB (81, 107 (II). 1% (14). 105 (8). 91(11). 
96 (16). 9S (20). 91 (l8), 83 00). 82 (100). 81 (41),&o (IS), 79 (24). 
68 (18). 67 (80). 55 119). 

l,l-I;l’(l.l-~hyIciblC)rylop~~~ 0): v,, M90, 3011. 
2997. 2949. 2904. 2&s. 1480. 1471. lU2. 1421. 1389. 1363, 1267. 
12% 1178; 1130; l(ws; 1011.916,893, Si9cm-‘; ‘H NMR 6 1.00 
(s+ 18.2 x C(CH,h) xnd 0.38 (s, 4. CH$H& m/e 126.141 I (c&cd 
for C,,H, 126.1(081 IS4 (trace). 126 (43). Ii2 (8). III (78). 98 . . - 
(19). 97 (II), 83 (43); 70 (Ii). 69 il9), S7 (IOO), 55-C&. 

ch-l2-~(l.1-~h~hJl)c~l~~e (31): *-, 3oS7. 
2952. m, 2.S78. 1469, 1395. 13S8, 1193, 1107, 1031,8S7,S70; ‘H 
NMR 6 1.02 (s, 2 x C(CH,hf. 0.6 (m. 2. CH& nrle 126.1411 (cakd 
for CllHn 126.1108). lU0rue), 126 (2),# 0). 97 (4). 86 (14). 84 
(21). 83 1191.71 fl71.70 000). 69 rm. 36 (47). IS (8). S4 (66). _. 

&-I ,2-fhI111 -&&l&&&p~poplvr~ kj: “,, 3065, 
2990, 29ss, 2%. 2867, 147s. 1367, 1318, 1265. 121s. 1195, 1122, 
1111.1101.10Y).1030.98S.923,915.888;’HNMRd1.01(s.182X 
C(CH&). 0.S (m. 2, CH-1 uvJ -2). 0.1 fm, 2, CH$; mlr lS4.1724 
(calcd forCI’Hn lS4.1721). lS4(2).98 (6j.97 (6),%(6). 8S(16),83 
(26). 71 (la), 70 (100). 69 (6S). 67 (7). St (33). SS (55). 

1.12.rricl.l-~~hy~~h~~~~opmporu (3s): r, 3065. 3015 
2962. m. 2867, 1470. 13%. 1364. 12S2, 1223, 1183, 1142. 1089; 
‘H NMR d 1.11 (I, 18, 2 x C(CH,),), 1.02 (I, 9, C(CH,),), 0.7 (m. 
3. CH-2 and CH+31: m/r lS4.1724 l&cd for C,,H,, lS4.1721). 
210 (tncc). lS4 (6). 153 (4). 139 (S). ‘126 (9). 112 ;6,.-ill (27). QB 
(12). 97 0-S). % (5). 95 (6). 84 (18). 83 cn). 81 #,70 (IS). 69 (23). 
67 (0. S7 11001. S6 (8). 55 (26). 

cir-l3-~(l(l;crvlh)~~op~~nr (fT): *r. 3OS4. 29S3, 
2923.21197.2867. 1467. rm. 13&1365. 1278.1193.11%* 1040. 
iO2S; wL8.957. ti3,8&& ‘H !iMR S- 1.24 cm. 2.2 x CH). 1.01 
(m, 14). 0.49 (m, 2, CH& m!e 126.1409 (C&z. for C&. 
126.1406f. 103 (6%. 75 (21). 73 (im). 72 (24. 

trans. i j-a{ l-meihy&thy0cyclo&~c (3): v, 3OS7.29S3. 
2923.2865.1462. l4S7.1380.1363.1327.1291.1253.1232.11%. 
1182; 1lssI 1117; louI 993.917, ti. 893.666jcm-I; IH NMR d 
1.2(m,2,(CH,)ICH.0.93~m.12.(CH,)ICH),0.17(m,4.CH-1lad-2. 

CH,); rrJt 126.1406 UC. for c&, ~&MOB). 126 0.4). 83 (14). 
70 08). 69 (60). n (34). 46 (im), 5S f9~h 
~dQkvwwIs2loctt cm: v- 3M9. m. 292.5 2851. 

td62, 1467, 1344. 1019,889. 878.692cm-‘; ‘H NMR 6 1.41 (m, 
21). 059 fm, I. CH6). 0.19 (m. 2. CHr’J); m/r 178.1723 (c&d for 
C,,Hn lf8.172l). 192 fmcc). I78 #‘),I63 (63). 149 (24). 136 (II). 
135 (61). 122 &I. 121 (2’0, 109 (20). fU7 (SS), 87 (61). 84 (100). 85 
(68). tM (26), 83 (42). 82 03). 72 (30). 71 (91). 69 (49). 67 (20). S7 
(46). 

Pmpamliw run. 
1O.lOmoll of I in 

Asdn~n~8.2~(0.lomd~ofJmdt7~ 
3&JmL CHEI. *u abced 0 I 1-L >accked 

ioudboinomcd buk quippi &tit r-code-, NI inkt. rod 
mecbrnrrlstintrradcodedwilburifC~.Al-Lqpueour 
solo 1096 each in sodran thioslrtc rod sod&~ biurknur wxs 
prcpued, and rpproximx!cly oQe-t&f of it was iatroduced mto 
tbcbuk.TbrsdnwuimdirtaiwitbrGcncralEkctricmo&l 
RSwaluapphuddirecllyacxttoIbc~Vigaou,s~ 
wu ~intined dtirisg imdirtioa. ud ice wxs added u ace&d 
to keep 1& solveac from & too v&ously. When rp 
proximrtclyoac-thhrdofrbrosiLiarldiiodoact(l)mnrincd,u 
determined by p, chautog*phic w (cotumn Bh tbc 
rpwoos kycr was decanted from fbc duk xnd rcplxced with 
about 300 q L of the rcrvcoger solo. Another 26.8 g (0.10 mol) of 
1 W&S b&ted xDd irladhtia vu resumed. IIlis prou?dlJrc wu 
reputed and imdhtioa wxs cootiaucd unti 111 of 1 bd bben 
consumed (72br toti). The qucou~ layer was d-ted. the 
organic layer dried over saf N&lq followed by rnbyd NaSO,. 
rad tbc solvent removed by distillrtioa thnnt@ 8 Vkrux 
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