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silKcsulfurandseleniumbeloagtotbe!iamegrollpof 
tbeperiodktabk,itianotauphiogthatnctiozu3of 
stwtwaay a&c.al mllfur ODd !aelenium compouA. 
should be aimikr. For example iuewulfenyl alId. 
rnne8ehylchloride8bothaddtorlLenestof~ 
&chkmayl aryl sul6de3 and lleknides rerpectiveJy 
(ecln 1). 

Arx\ ArxcI++c<- , Y-J < (I) 
Cl 

X=SorSe 

InbothcasestbeiAhwareformedbystereapecSc 
fwwdition aDd tbc rate law is overfall !iecond * 
llrst order in both alkene aad sulfeayl or sekneoyl 
clhide? 

Fhmthedatawailabk,itisnotckariftbksimhity 
extends to the mwbanisms of the two reactions. We 
would like to present data which clearly ahow that 
arenautfeayl and arencsekneayl chlorides exhibit 
dihwlt atroctllre-reactivity protlks ill the reactiolls with 
ethylene and its methyl subatitutkd dehtiva and dis- 
cuaa the mecbaniatic implicatha of tbia fact. 

K&l&s* we have mcaaored the rate of addition ‘of 
-DCllylChlOli&tOCthylene1dditSmethyl 

sIlbstilutcd derivatives 27 ia aall)elnla Inetilykae 
clhrideat2Fbymoansoft&aoppaMwMmiquc 

wasfollowalbymeasuringtbc&awueinibhxptionat 
433lml.neaddithw8sfoundtoexhibitsecoodorder 
kim!&a,ftmtonierinalkeoe,aodthtar&ria&nenyl 
ChkhktO~ti8O%CO@8thdtbDll%Cth.The 

rotedatpW~CdC&td luiugtkmldardrecondadsr 

de&odratecxpreda~d8taare~iu 

. 

No. of 
-w 

COmpolmd gmapa k~(-M-‘r-‘) k 

Btbylsae (1) 0 

Rape# (2) 1 4zi ii 
Z2-B~tmc (3) 

: 
1870 3:8 

EZButmc (4) louI 21 
Mcthytpopeac Q 2 3370 6.8 
zmtlyl-2-butcoc (6) 3 18Bo 
23Dimethyl-2-butaE (7) 4 1230 :;8 

proctrctS.ThCS~drepiochemistryOftbe8d- 

ducts wan de&mined by ‘H and “NMR spectroscopy, 
Tbeholatiollaadchsrctctaizationoftheproductsoftbe 
aiditioa of benzeneseknenyl chloride to ethylene, pro- 
pcne and methylpropene have previously been descrii 
aDdtll?ncewillBotbecoaridencliadetailh: 

.Tbe’HNMRapedromoftbcadductderivedfrom 
2-2-bate#sltowea&nbktofquut&3at83.58and 
84.23ppm with a viciIml protowproton cQu$l& 
couatant of 3.2Hz in chloroformd. In contrast the 
‘HNMR spe&um of the adduct derived from E-2- 
batale shown asymmetric ~quilltew in its 6oMHz 
~~mwiwavhl~~of6.7Hr 

~oftbctwoadductswere 
aw@ed by obsehng the vuktion in ‘JsH with aolveot 
dkkctrk cat&ant (see T&k 2).’ For the thru 
((Rs) (Rs)) Enm#rord 3J”s abo&l increwwithill- 
cN%&~~wlKKeaEfort&c?9t~ 
((=wO)compwndadweaae8bonldbe~ 
Fllrth ‘JmJi (thE.o) is genwaay lers than %ul (ay- 
fhD).TbWCkW~8&OCdthCpdWtflWlEZ 

adsasuZ-(ler),3-(ler)-‘3-~~-2pbenyi 

R, 5 5 5 5 5 5 fL 

H I: CH* CHa CH. CH* 
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&19 
2&l 

iii 
2.23 
4.70 
6.19 
XL7 

ZQ 

~~~thd.frarnEzbawleon2-(Rs3,3-(~)- 
3-c~-2~~~k~. 

The reactioa of’ beazaaesekacayl chloride with 2 - 
methyl-2-butaaegaveasia$eadd&8wbichwas 
assigaed* the +Mvaikoff regiochunktry on the basis 
oftbesaaWmesoftherektiveprotoacba&alshifts 
~to~~~~~~s~~~ 
cuapoti‘ The asshut was coa&med by the 
“CNMR spectnaa of 6 which has a doabkt at 
65339 ppm with a ?&“C coupliag coastant of 47.5 Hz. 

conclatk that the addition of beeaesekaeayl Chloride 
. 

occars ia aa on&nm alamer. 

TbelIbeChaniSalOftbcelecMvphilicadditioad 

are~cnylcbl~t0alkena1i~knowntoiavolve a 
bridl#lntadcunaipiastrrmitioastate.AwMptbedata 
~~~~~ak~~~a 
cumaktive effect oa the rate caused by sabstitutiag Me 
m for hydrogea oa ethyklle: !%alikr results have 
beea obbiaed for broaluioa, chbxiaa&n’ aad epox- 
idatioaofaReWs.,TheaWmaimlsofantbe8ereac- 
~~v~~a~ ~~~8~ 

~Of~~~~~~Of 
afeaeudfeayl and ancaekae~~yl &brides to alkeacs, it 
mightbeexpctedtbatasimikrcaaaWvecfftxtwoakl 
beobWvediatksekailunaaalog&Itisckufroaltbc 
dataiaTabkltbatthisexpect&aisaotreaiizd. 
~~~~~~~~~~k 
machkssiatbecaseoftheseka@e~;oaiy9 
fold c4xapfed to 120 fold for QcWalfeayl 
Chkwide.ThiSSlUaUrote inaewisddpetoadecreueia 
tberatl!swheatwoormofeaWhylgroupsareboadedto 
~~~.~ha~~k~t 
witbaaopen~fate&tamii&gtna- 
sitioa state.‘O IQ decbophilic additioas sach sub&teat 
ActsafeasuanyaaribWdtosterichiadrWebetwl!ea 
tbeCkcwphilsudtbeS-tSrroaadtkdouble 

bon&" Thus it appears that the additkn of bea- 
24mesekaeayi cblo&ie is more sasccptii to steric 
bi&aacethattbepnaloeoussulfareIectrophik. 

Oardatapovideevideaceforadifferenceiathe 
mte&tWalia&tmasitioastatesforadditioaofthetwo 

(CH,),C-CHCH, + C.H.S&I - (CH,), C HCHI 2 %c-WW CHCH+ 

$cgl 

’ 

CoaqoaadSreadily~f\81banactka,It 
~H~~f~~~~ tofcwmi.Md 
11 ia aboat eqtlivakat aaWant& 

TbefomWioaoi10aad11ftwl8hasaoprccukntia 
thesaKaraaidogs.c~1oaad1lWenotfamed 
bykoa&z&nof4to2-me&l-l+ateael2followed 
by add&a of bea2EW&nenyl chloride. The ZuMitka 
~~~~~~~~~~e 
4X&GOasyi@&onlytlW M&owaiM addact 11. 
Far&WWe, 11 isoat&u to 10 veq slowly takiag 
avsnl weeks to reach eq@rbun. Ia ixmtrast tk 
fongtioo~11from8takaonlyafewdays. 

bWea&Wnylcbbri&withwith* 
~~~~2-~,7,~~~~~f~~ 
3-chkro-2,3-dia~thy0atyl-2pheayisekaidc.Its 
i&nlityisbwedontbesimit&dtbctwonia&bat 
W+ddlJlppmiatbe’HNMRspec~iate@aq 
atslxprotoaseach,withthoseoftheaaa&oassalW. 
Itk~y~~;~~n~~- 
raaguneab were appsrent bwo the change ia the 
‘HNMRqectnunwithtia~.Demikoftbesere&oas 
wiUberqortedatakterdata. 

Based apon tfie ‘H aad ‘CNMR dnta we caa 
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chkritk iavdving, an upco ChOdOUlioOrftatbCrate- 
detamin&-stateforgl!aliMldbubstautulal- 
kemsecmsiIlauMtiavkwoftbcLnownreqio-lad . 
w dditbo of 2&wrobeazcme~yl 
chloride to cis- md rmrrs-lpheoy@penc.” 

It baa been rcpoMI rcccotly &al ion-* arc im- 
portaatiatheproduct&taminisgatcpsofadditioasof 
arencsulfeayl chb&k3 to alke1~8.” It may be that 
products arc formed from diflaeot ion-p& in the two 
additioas. Thus product9 of sulfeayl chloride addition3 
may result from intimate or solveat-aepamtal ion-pairs 
whiktheproductsofbe azcncsekneoyl chloride may be 
fomled from diisocktcd ions. support for this view 
coaw from the rcactioas of stable thii&um ions.” 
These ions, which are believed to nscmbk dissociated 
ions, react with external chloride ion to form exclusively 
products of hiafkowaikoff orkotatioa. 

In summary, our data show a dilIercocc in the ad- 
ditions of areacsulfeayl and sckaenyl chlorides to al- 
keaeJ.Itisnotckaritthisisduetoeothelydiflereot 
mechaaisms for th two rcactioas or small diierenccs 
withia the sfune geacral mcchaaism. 

Thk3.ThckihcaUycu1trolkdproductcoa,poaitioaofd- 
ditkrul of bewnackDenyl chkridc & 4-cltlorobcnzcl,cald- 

fenyl chlohk to 2, S 8nd 6 

CH,CH-CH, (2) 59 41 62 38 
(CH,hC-CH, Q 100 - :: 88 
(CH,),CdHCH,(O 100 - 65 

‘In CH,Cl, rt 25.. ‘In CCl,HCHCl, at 2Y. ‘M = hhwnikoff 
orientation; ahf = mtti-M&owniM o&at&m. 

-AL 

ThC~IE#WWCOt!diDCd cunmwckByudthairpurityd 
identitywaewi6cdbyGLCutdNMR. 

~wuprepuedbytbeGrignudmethodof 
hater,‘, b.p. 39_40%1 mm (lit. 57-e/8 mm. 84-86.m mm). 

why/ d&e&n& vu tweputd from benzenewkwl by ti 
oxiduion. r0.p. 62543 tit. i.p. 639 chm cm,: 13i.44, 
129.00.I27.54.136.86. 

-y/ chbdde wxs prepad by the chkrihoo af 
dipbmyl dkcknide uahg ow q ok r&v&at of why1 
chkhlkinCC&8troomtcmp.Ttleproductwukokte4lin94% 
yiddrttaremorrlofsolventraddiuhka,b.p.9Ml6*/6mm 
(liL9T/SlIlEl~).Upoa~tkliqUidMMlkd,~ 
tioa fmm CH,Cl,. q .p. 63.7U.Y (lit 64”‘). UV A_ 433m11 
r264lmok-‘cm-‘. * . 

Pmlhma of solvent, kin&s. product comporitioa 8ad 
rnrlytialrrmpkSWCrCCU&doutUpMhlyderaibed~ 

Analytical and rpaYra/ data of pmducts 

(iI Ftum et&he PMR CDCI, 1OOMHt nrdved u two 
multipkta of 12 liwa uch ca~tcral It 6 357 8nd 3.13ppm 
lnrlysk A,& win system; CMR CDCl, 843.11 CH,Cl d 
43.11CH~Jrc=7.7Hr.d2896CHIScJr-~~HL 

(ii) Bum ps MuhwniM &wt: PMR CDCI. 
ABMX, win &Sian. b 4.lOddq (IH) J19.71 4.3, ti; 3.02 ; 
(1 H). J= lu. 9.R 83.36 a (1 H). J - 124.4.3 Hz: 813 M ED 
‘J - 6.3 Hz; CMR &Xl, dj7h tecH,Se, Jr - ti.i Hz. 856.76d 
CHCl, 624.35 q CH,CHCI; MS, m/r M+ 234 M-Cl+ 199. M-Hcl+ 
l!m. M-C,H4C1* 171. auf-M&owniw ddpct; PMR CDCl, 
ABCX,rpiaryrtem.633~390mOH),1.49d8H)’J-65Ht; 
ChfR CDCl, 818.64q CH,CHSe. 39.01 d CJEle Jr - 62.7 Hz_ 
SO.03t CHAY J--69H2; MS m/r bf+ 234, M4+ 199, M- 
HCl+ 198. M-CH,Cl+ 185. K&tk product dist,h& ~:&f 

59:Jl. ThwmodyImulk product dkthtka M:8M 100:o. 
(iii) hm nulhy&Dww. A s&k produe 2-ddwa-2-a,ctl,yl 

p”pyi-1 pbeayl scknidc; PMR cDa* a 1.68 a (6 H). 3.41 I (2 H) 
Jm - 11.2 Hz; CNR CDCl, 844.79 t CH,Se ‘Jrc = 66.6trz, 

669.93 s C(CH,hCl, ,Jr = 7.9 Hz, 631.85 q (m,),CCl ‘Jac = 
15.5 Hz; MS m/r M* 248. M-Cl+ 213. A(-HCl+ 212 hf-C,H&l* 
171. 

Iadcpendent ryotbesis of tbc a~~ti-Markownikoff adduct wa, 
~pliabal by tnx& methytprupcnc in anbydCH,Cl, witb 
pknykcknium tricti.” and-kxlhion of tbc c.ompd& 
sdcnida dichkde with NaHSOld' followed bv extrwtion 
with penhnc. PMR CIX.Zl, bl.il a (6H). j.92, (2H) 
‘Js,,, - 5.3 Hz CMR CDCl, 628.06 q (~H,),CSc. Jrc = 8.1 Hz. 
854.96 s C(CH,),fk Jsc 63.1 Hz, 65203 t CH,CI Jsllc - 7.8 Hz. 

(iv) J+OM Z-2-huuu. PMR CDCI, 61.43 d (3 H) J = 7.0 Hz. 
CH,CHSe, 3.58 dq (I H) J =7.0. 3.5 Hz, &Be. 4.23 dq (I H) 
J = 6.9.3.5 Hz, CHCI. I.56 d (3 H) J = 6.9 CHfHCI; CMR CDCI, 
615.82 q CH,CH!k ,J- = 7.9 Hz. 45.89 d CHSe Jw = 62.5 Hz, 
61.12 d CHCI Jrc = 7.3 Hz, 19.82 q CH,CHC!l. (Found: C. 48% 
H, 5.03: Cl. 14.38. MC. for C,,H,,SeCI: C, 48.50; H. 5.29; Cl, 
14.31%). 

(v) Fmn E-2-bane PMR CDCI, 61.45 d (3 H) J = 7.0Hz 
CH,CHSe, 3.32q’ (1 H) J-7.0, 6.9CHSe. 4.15s’ (1 H) J-6.8. 
69CHCl. l.Sld (3H) J -6.8 CH,CHCI: CMR CDCI, 618.69q 
;;gHy Jm = 10.1 Hz, 46.44 d CHSe Jr = 63.9 Hr., 6288 d 

s.cc = 10.8 Hz, 24.16 q CH,CHCl J- = 16Hz. 
(Fd C. 4852; H. 5.23; Cl, 14.42. CA. for C,,H,,SeCI: C, 
4850; H, 5.29; Cl, 14.31%). 

(vi) Ftum 2-nwthyL2htene Compouni 8, PMR CDCI, 
6 1.74 s (6H) 1.63 d (3H) J=6.8. 3.49 q (I H) J-6.8: CMR 
CDCI, 619.48 q CH,CH!k Jscc = 6.5.53.39 d CHSe Jac = 47.5, 
74.51 s C(CH,),CL 29.34 q CH,C(CH,)Cl, 32.73 q CH,C(CH,)CI. 
Compound 11. PMR CDCI, 63.67 s (2 H) J,,,, - 10.0 Hz, C&Se. 
I.60 s (3 H). 0.95 t (3 H) J = 8.0. 1.90 q (2 H) J = 8.0 Hz; CUR 
CDCl, 8 4263 t CH,Se. 74.31 s CCl. 29J3q cH,CCl. 3S.TI t 
CH,CCl, 9.14 CHfH,CCl. Compound 10, PMR CDCI, d 1.00 t 
(3H)J=6.5.ldq(2Ii)J-6.$ iJsa(3H),4.03,(2HjCH,Cl; 
CUR CDClr 650.33 t CHXl: 43.64r CSc. 29.98 a CHESe. 31.08 t 
CH,CSe. 9.i3 q CHiH,& Come 9, PtiCtii,b1.65 d 
(3H)J=6.7,1.76~(3H),3.52q(IH)J=6.7,5.13M(2H). 

(vii) Fmm 2,3-dimerhyl-2-butme 3 - Chlom - 2.3 - dimethyl - 
butyl - 2 - pbwyl Amide, PMR CDCI, dl.83 s (6 H), I.51 s (6 H). 
tin CH,Cl, = 2-S q i,,. 30’. 
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