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AbrbweUnder tk inlluencc of UV light. thiocyanosen reacts npidly with mono- and di-substituted alkettes in 
benzeoc under ma at ZO-3O+C to give. dcpee on the sttucture of the alkeae, o&%thiocyanates, ellylic 
isothiocyrnrter or mixtures of the two in bigb yields. Additiona to acyclic alkenes are rmnr-stereoselective, while 
those to ekema of the cyclobexene fatuity 8re Irowstereospecific. A tadicelcbein mehnitm. involve 
compel addition and substitutioo ructiow initiated by the tbiocyuuto radical, is proposed. 

In Part IV’ it was shown that, under heterolytic condi- 
tions, thiocyanogen, (!ICN)2, behaves as a weak elec- 
trophile towards alkenes, addbxg slowly to form a,@- 
dithiocyanates a0d the cotrespondirrg a-isothiocyanato- 
B-thiocyanates. The addition8 to aliphatic alkenes are 
fmn.r-StereOSpeciBc while the additions to a-arylalkenes 
are Duns-stereoselective. A beterolytic mechanism in- 
volvi0g a twestep, ki0etically controlled addition, with a 
cya0o-sulpbonitu0 ion intermediate in the case of alipha- 
tic alkeoes ami a0 open thiocya0ato-carbotmu0 ion in the 
case of cr-arylalkenes. was proposed. !%detick’ and 
Raufmano’ noted that the reaction was st&lated by 
sunlight. and described the products as o&Uhiocy- 
anates, usually without structtual proof. In view of the 
sy0thetic’ and analytica? applications of the reaction of 
thiocyanogen witb unsaturated compounds, we have in- 
vestigated this photochemical variation using a range of 
acyclic and cyclic alkencs.’ We find it to be more 
complex than hitherto descrii. and to diier from the 
heterolytic reaction i0 rate, stereochemistry, product 
formation and scope. Here we describe the reactions of 
mono- and di-substiMed alkerns. 

UV irradiation of quimolar amounts of tbiocyanogen 
and the mono- and di-substituted alkenes and cycloal- 
keocs l-24 in benzene under nitrogeo at 2MtPC led to 
the reaction times, products 23-56, and yields recorded 
in Table 1. 

Comparison of these data with the correspo0di0g data 
for heterolytic reactio0s2 shows that for the photocbe- 
mical reaction, (a) the reaction times are considerably 
shorter, (b) the yields are larger, (c) the products are 
di!fereot and more sensitive to alkene structure, and (d) 
the stereochemistry of the reaction is diBere0L Thus, of 
the mono- and l,ldi-substituted alkeoes examined, al- 
kenes l-l2 gave a,jUithiocyanates exclusively 
(products X&36). but 3methylbut-lcne 13 yielded small 
amotmts of tbc isomeric Jlylic isothiocyanates 35 and 
39 i0 additioo to t& e&Mliocyanate 37. The 
12disubstiMed alkeaes 1420 gave 0tixtures of 
diastereoisomeric a&Btbiocyanates (with meso- and 
evthm-isomers predominating) pad/or allylic isothiocy- 
a0ates which were virtuahy identical for each cisltmr 
pair of alkenes (products 4O48). The cycloalkenes 21-U 

gave mixtures of rronrs$dithiocyas a0d aliylic 
isothiocyamttes (products 6-S@. 

These reactions were strongly inhibited by oxygen. 
2,6di-t-butyl4methylpheno1, or galvinoxyl. Thus, the 
reaction time for dec-lcne 5 increased from 20 to 
200 min, with a decrease in the yield of the ditbiocyanate 
29 from 84 to 6046, on carrying out the reaction under 
aerial atmosphere, while addition of 0.5-1.096 Z&h-t- 
butyl4metbylphenol or galviooxyl arrested the reaction 
completely for lO-SO min. 

No reaction was observed with acrylonitriic or 1.1- 
dichloroethene. Alkcnes of the type &RCH=CHR 
(R = Cl, C&H, C&Et) and frons-RCH=CHR (R = Cl, 
C&Ii. C02Et, CN, SCN. t-B@ were recovered as tbc 
comsponding equilibrium mixture of cis- and truns- 
isomers. No telomer was observed in any of tbe reactions. 

These results are readily accounted for by two 
competing homolytic reactions, each of which is initiated 
by photochemical dissociation of thiocyanogen into 
thiocyanato radicals‘ (qo I). 

.SCN + 
m 

57 

SCN 

57+ (SCN), - + SCN 0) 

Formation of the observed o&dithiocya0ates is 
co0sisteot with the ki0eticaIly cootroikd radical-chain 
addition process shown in qos (2) md (3). I0 the add&t 
step (qo 2). attack by the ~kctrophilic’ and ambident’ 
thiocyanato radical (%C.nN&I=C=N) occurs ex- 

elusively via the sulphur atom, th0.s leadhug to the 
fonnatioo of the thiocyanaMlkyl radical 57 rather tha0 
the isomeric isotbiocya0at&kyl radical. This is consis- 
tent with the sulphur atom in the tbiocyanato radical 
canyi0g the major share of the unpaired electron 
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Table I. Phototbiocymation of alkcms in benzene uoder nitmgcn at 20-W 

Ricu=Qt2 (22) 
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T&k I. (Conrd) 

Fmductra) 

: nca 

f (b) 
f (29 
f 

%ubined Jield of ti mad ‘bJ; ladiridti yield8 could not be detmminod 

from the ‘il IW qwctmm (am Prperimmtal). (b) Hixtur* of i6oaers: 

density,” and being more poiarisab~c than the nitrogen 
atom; similarly exclusive C-S bonding occurs in the 
ltomolytic additions of otherambident sulphur radicnls.“~ 
The observed cis-trans isomer&ions of unreactive al- 
kenes indicate that this addition is readily reversibk, 
probably due to the stability of the thiocyanato radical;t 
similar bebaviour has been noted in homolytic additions 
of other sulphur-centred radicals.” 

The transfer step (eqn 3) involves Su2 displacement on 
one of the ekctrondeficient sulphur atoms of thiocy- 
anogen by the donor” tbiocyanatoalhyl radical ST. thus 
kadkg exclusively to the u,jIdithiocyanato product S. 
Attack by the ~i~y~~ radii (qn 2) and by the 
bulhy thiocyanogcn moleeuk (qn 3) occurs in each case 
by the stericnlly favourable axial route, thus leading to 
the thermodynamically unfavourabk tmnsdiaxial 
products 53 and 55 from the conformationally rigid 23 
and 24 respectively. and, by ring inversion, to the more 
stable fmnr~uatorial products 49 and 51 from the 
conformat.ionally mobile 21 and 22 respectively. In acy- 

tA simitu mcchBoism. with SlrcceMiVC sdditions of thiocy- 
Mat0 mdials but eiimiill of iodine atOlYl~* y*ounfs for 
s&ic*k% intercstin# 0bxcrvMiofl tb8t the p~to~~y~n 
of fmlu4&4lGodoeIhc~~ kads to the ~~urn mixture of C~S 
and ruu4,24itbiocyhene~ 

clic systems, the ~~y~at~yl radical derived from 
each member of a cis~~~s pair of alkenes (!!9 and 60 
respectively) undergoes conformational quilibration 
(qn 4) faster than it reacts in tire transfer step (qa 5). 
thus leading to identical ratios of products 61 and 62. 
Preferential transfer via the more stable adduct radical 
60 leads to the observed prepondemnce of muo- and 
eryrhrodithiocyanates 62 (qn 5). Similar stereochemical 
behaviour has been noted in homolytic additions of other 
sulphur-centred radicals.” 

Both the addition and displacement steps (qns 2 and 
3) are rapid, as shown by the short reaction tunes and 
high yklds in Table I, and the absence of telomers. This 
is attributed to the favourable a~~tor-~do~r- 
substrate and donor-radical/acceptor-substrate relation- 
ships”*t2 in the addition and displacement steps respec- 
tively. These relationships are not so favourable in the 
corresponding reactions of the structurally related dial- 
kyl disulphides, which react sluggishly and give large 
amounts of telomers at the expense of I : l-ndducts.” 

The lack of reactivity of, e.g. acrylonitrik, l,ldi- 
chloroethene, and alhenes of the type RCH=CHR’ (R= 
R’ = Cl, CO&t, t-B@ is attriiuted to a reduction of the 
donor characteristics of the thiocyanatoalhyl radical, e.g. 
5) or 40, by the ekc~n-~~~ and/or sterk 
effects of the sub&rents R and R’. and the consequent 
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atrest of the displacement reaction on the bulky tbkxy- the bulky secondary and tertiary allylic radicals attack 
anogen molecule. The lower reactivity of tbiocyano~n the more readily accessible terminal nitrogen atoms 
than that of thiocyanogen chloride’ in these homolytic rather than the central sulpbur atoms of the thiocy- 
addition reactions is consistent with the steric barrier to anogen molecule (eqn 9). 
displacement at the sulphur atoms of the reagents in- A similar change in the position of radical attack on 
creasing in the order CISCN < NCSSCN. trifluoromethanesulphcnyl chloride (CF,SCI) from the 

I I I I I I 
-C-C=C-+SCN+-C-C-C-+HNCS 

A 

(6) 

. 
63 

-L 1: 1: I I I I I I --- +(SCN), +-_C-_C=C-+-C-C-C-•+-SCN 
. I I 

SCN 64 63 SCN 

(8) 

NCS NCS 

66 67 

Formation of the allylic isothiocyanates may be 
rationalised in terms of the tbermodynamically- 
controlkd radicaMutin substitution process shown in. 
eqns (64). Abstraction of an allyfic hydrogen atom by 
the thiocyanato radicaI produces the radical 63 which 
yields the labile’ allylk thiocyanates 64 and 65 in the 
kineticallyuMrolkd SH2 chain-transfer step (eqn 7); 
subsequent tbermodynamicaUyumtroikd allylic rear- 
rangement (eqn 8) through one or more of the several 
mechanisms availabk,s yields a mixture of isothiocy- 
anates 66 and 67. The intermediite ahylic tbiocyanates 64 
and U. unlike those described in tbc corresponding 
reactions of thiocyanogen with secondary and tertiary 
aralkyl hydrocarbons,’ were not detected; this is consis- 
tent with the greater case of isomerisation of allylic 
thiocyanates than aralkyl thiocyanates through the sig- 
matropic mment mechanism.’ 

Alternatively. the formation of 64 and 67 may be due 
to a stcricaUy-controlkd chain transfer reaction in which 

- -I: L 1: -- +NC!S-SCN- _________ 

-LU -+-C-&+SCN (9) 
I I 
NCS NCS 

66 67 

sulphur atom to the chlorine atom through a series of 
primary, sccodary, and tertiary radicals has also been 
attributed to steric effe~ts.‘~ 

The data in Table 1 show that for stericaBy unhimkred 
alkenes, e.g. the terminal alkem 1-12, this substitution 
reaction is very much slower than the competing addition 
reaction. and is only sign8cant when a tertiary aflylic 
radical is involved (see alkene 13). However, as steric 
resistance to addition increases. and the stability of the 
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ally& radical increases, the substitution reaction 
becomes important or even exclusive. This is well illua- 
trated in the series rrons-RCHCHR (R = Me. Et, i-R) for 
which the addition/substitution ratios arc 99/0,21/$8 and 
0194 rcspcctively (Table I). 

This pbotolytic behaviour of thiocyanogen emphasizes 
further its marked pseudohalogen character,’ and may 
well be responsible, at least in part, for the lack of 
reproducibility of rate data’ and “thiocyanqen 
muhers’* of alkenes when.determined in dihc light, 
since these conditions would allow both beterolytic and 
homolytic reactions to take place simuhanwusly (cf. the 
reactions of thiocyanogen chloride with hydrocarbons).‘6 

-AL 

Arkanu 
Tbelc were purifkd as dacni in Pert IV.’ 

Gencml plvcedan 
llhcyan~n solutiona in beoxeac (- 0.2 M) were prepared 

mdutrlv~edudescribsdinPutIV.‘Astadys~ofdryN, 
wea bubbled through the tbiocyeoogen solution (Wad), which 
wea coataioed in I 3-necked Pyrex Bask fitted with a water 
amdenser and a CEI, m tube, for 10 min before cod during 
the reaction. The solution wu’hdkted uah a I25 W, hi&- 
pressure osrem kmp placed 10cm from the hsk well. Ali 
equimokr amouot of the peroxide-free xlkene vu iatroduced 
into the ¶olution rt lmbkat temprrtum(-209radtbediup 
parance of thiocyaaqen followed by iodometric thth. 
Ractioa temperatures did oot exceed 34. Produm were 
isolued, examined by TLC, aad separated by column cbromrto- 
rnpby on silica gel as descrii in Pert IV.’ Typkally, elution 
with benzem?-&llt petrokum (hp. 6064) (1:3) pve etlylic 
kotidocy8o8ter; clution with be-t petroleum (1: I) gave 
a - iaothiocyenxto - B - tbiocyenetea; lad chtion with benzene 
or benxeabetber (9:l) gave &dithbcyaoetes. D&rent 
productxoftkn?&orlswererudilyxepemai.butstructmal 
komen cod steluAomms were sot complctdy resolved; in 
such cues the isomer ratios could usually be determioed from 
tbeiotc!&tracesofepproprilteabao+InbandsintlK’H 
NMR spectn of the mixtures (see below). Reaction times md 
yields UC dvea in Table I. 

Pm&t chamciuisation 
Products were idea&d by (a) comparison of their pbyaicel 

and apectnl propertka witb those of authentic suupks prrpurd 
previously by the beterolytic method.’ oc (b) by IR aad ‘H NMR 
spectrotcopyudacriiioearlierprpvrIRspectrawere 
recorded with a Per&in-Eher 237 and 337 spectrometers. emI 
were taken for fdms of liquid producta aml for Nujd mulk of 
solid products. Unless otherwise stated. ‘H NMR spectra were 
tecorded at 60 MHz in CDCI, with Petkin-Blmer RI2 aed Verian 
A6OA spectrometers. usd SiMe, u intemel stendard. In the 
NMR dete given below, s. singkt: d, doubkt; t. triplet; q. 
quutet; m. multipkt. 

It ahld be noted t&t most of the productl are q elodoroua, 
vexhot end den&tic; coasqueotiy. in a few vi&at cases. 
full details of physical corlstantx are wt rv8ikbk end the eaely- 
tkal dete UC for products purilkd by chromatopr;phy only. 

Etbem 1 pve 1,2ditbiocyaaxtoethaoe U as coburless 
prLms: m.p. sw (from li&t petrokw&efue nC)Gt.‘903; Y 
210 (SCN) cm-‘; r 6.62 (s, C&!JCN). (Fwad: C. 33.15; H. 2%; 
N, 19.0. Celc. for CJ&N&: C. 33.3; H. 28; N. 19.45%). 

Propale 2 pve L2dithiocylMtopmPeoe s es I colourhr 
liquid; b.p. 172174’/22 mm HI; I 2170 (SCN) cm-‘; 7 6.25-7.02 
(3H. m. CUSCN end C&SCNC,. 8.34 (3H. d. 1 6Hz. C&). 
(Fouod: C. 38.0; H, 3.8; N. 18.05. Celc. for C,H,N& C. 36.0; H. 
3.8: N. 17.75%). 

Hex-lane 3 pve l/ditJhcyaaetobexane 27 identical with 10 
authentic rr;mpk.’ 

33_Dimcthylbut-lcne 4 pve 33 - dimethyl - 13 - ditbiocy- 
anatobutene 2) ea colou~Icu ptiams; q .p. %-97’ (from lit 
petrokum/benxene); I 2140 (SCN) cm-‘; r 6.17697 (3H. q , 
C&ZCN end C&SCN), 8.85 (9H. s, C(Ci&). (Found: C, 48.05; 
H. 6.0: N. 13.9. Cek. for C.H,,NW: C, 48.0; H. 6.0: N. 14.0%). 

Dee-lcac I pvc 12&y 29 es a pak yellow 
hid: n?? 1.5088: Y 2170 (SCN) cm-‘: z 6.20-7.00 (3H. m. 
C&N &id Cl&N). (Fo&idz c. 56.1; H. 7.8; N, 11.0. Celc. 
for CIzHwN&: C. 56.3; H. 7.7; N. 10.9%). 

l&X-Lent 6 gave I2 - ditbiocyaneto - eicorroe 39 es 
cohuksa prisms; m.p. 59# (from &OH); I 2160 (SCN) 

-I; T 6.50-6.80 (3H. q , CBSCN sod C&!XN). (Found: C. 
z: H. 10.0: N. 6.8. Cdc. for C,H,&&: C, 66.65; H. 10.1: N. 
7.05%). 

Vinyl chloride 7 pvc I-&ho-1.2dithiocpnatoetlune 31 as 
cohuksr prisms (from l&OH); m.p. 45-46’ (lit.” 46-46.53; IR 
end NMR- spectre ideotial with -those recorded in the lit- 
cntute.” (Found: C. 26.9: H. 1.75: N. 15.65. Calc. for 
CdH,CIN&: C. 26.9; fi. 1.7; i’& 15.7%). 

Vihyl G&de 8 geve I - bromo - 12 - dithbcyenxtoethu~ 32 
as cdouhs tuitmr (from MeOH): ma. 4w (lit.” 43.5-443; 
IR xnd NMR’ apeck identical w&h &se rec&aJ io the lit- 
enturc.” (Found: C, 212; H, 1.1; N, 12.7. Celc. for C,H,BrN& 
C, 21.5: H, 1.35; N, 12.55%). 

Stytent 9 8ive 1 - plieoyl - I2 - ditbiocyMuoethMe 33 
identical with an eutbeotic aempk.’ 

ZMethytpropene 10 gave 2 - methyl - I.2 - ditbiocy~ 
pene 34 as a coburku liquid; b-p. 16r/l I mm Ha; I 2165 (SCN) 
cm-‘; T 6.60 (2H, s. CiJ,sCN). 8.32 (6H, s. C(C&)&. (Found: C, 
41.9; H. 4.8; N. 16.35. Calc. for C,H,N&: C. 41.9; H. 4.65; N, 
1635%). 

ZEthylbut-lcne 11 pve 2 - ethyl - 1.2 - ditbiocyaaetobuta 
36 a~ e pek yellow liquid; b.p. 14&lXP/l2 mm HI; v 2170 (SCN) 
cm-‘; T 6.53 (2H, s. C&SCN), 8.12 (4H. q. 1 7 Hz. C&). 8.94 
(6H, t, 17 Hz, CIj,). (Found: C, 48.6; H, 6.3; N, 14.1. Calc. for 
C&N&: C. 48.0; H, 6.0; N. 14.0%). 

t-Phenylpropenc I2 p.ve 2 - pbeoyl - 1.2 - dithiocyanatopro- 
pane 36 as cdourkrs prkms; m.p. 43A4’ (from MeOH); v 2155 
(SCN) cm-‘; c (CCl,) 262 (SH, a, CJj,). 6.00 (1H. d, 1 12Hz. 
C&XN). 6.38 (1H. d, 1 12Hz. C&XN), 7.86 (3H, s. C&h 
(Fouodz C. 56.65; H. 4.35; N. 11.8. Celc. for C,,H,$I&: C, 
56.45: H. 4.3; N. 11.95%). 

3-Methylbut-hoe 13 gave (a) 3 - methyl - I.2 - dithiocyaaeto- 
butane 37 as I pak yellow liquid which solidi6ed under high 
vacuum; m.p. 27-29’; I 2170 (SCN) cm-‘; T 6.50-6.95 (3H, m. 
CUSCN sod C&!XN), 7.50&M (IH. m, Me’Cij), 8.85 (3H, d. 1 
6.5 Hz. C&), 8.94 (3H. d. J 6.5 Hz, CM,). (Fouodz C, 45.2: H. 5.6; 
N. 14.7. Cak. for C,H,.N& C. 45.15; H. 5.4; N. 15.05%): (b) a 
mixa of 3 - isotbihcyrnrt0 - 3 - methylbut - 1 - ene 38 [v ii70 
(NC%), 1660 (C-C). 890 and 965 (C-H of RCH-CHJ cm-‘; T 
420-5.08 (m. Culc&), 8.50 (s, C&)] ead I - isothiocyanxto - 3 - 
mctbyibut - 2 - ene 39 [p 2070 (NCS). 1660 (GC), 790 (C-H of 
RCH=CR,) cm-‘: T 4.20-5.08 (m. C=CH sod CH,NCS). 8.20 (s. 
CB,). 8.2;(s. C&)] 1~ a pale yellow vohtik ad h& liquids 
(Fouod: C. 56.4; H. 7.0. Cak. for CJ&NS: C. 56.65; H. 7.1%). 
The yields of 3) end 39 were determined from the ink.& traces 
of tlteii CH, rignals io the crude product. 

tmns-I-Pbeoylpropeoe 14 PVC I mixture of dnc-l-phenyl- 
12dithiocy8nDtopropalle 40 xnd eryfh-I-phcnyl-13- 
dithiocyanetopropae 41 as cobmiesr prisms identical in spectral 
propertks (epert from bend intensities) with the mixlure pn- 
peted by the kterolytic q ethod.2 Tbc isomer ratio was deter- 
mined from the iotegtal traces of the PbC&?CN proton si&s. 

cis-But-2ae 13 pve a mixture of (+~22$dithiocyuutobutaoe 
42 [r 2165 (SCN) cm-‘; T (neat) 6.20-6.75 (W. m. CIJSCN), 8.53 
(6H. d, 1 8Hz). CM,)] sod muo-23dhhbcyaaatobulllle 43 Iv 
2165 (SCN) cm-‘: z (ncet) 6X-6.75 (2H. m. CMSCN). 8.48 (6H. 
d. 18 Hz. Cl&)] as I pak yellow liquid. (Found: C. 41.7; H. 45: 
N, 16.3. Cek. for C&N&: C. 41.85; H. 4.65; N. 163%). By 
eaeloa, with the urignmcots made for (*)- end meso-23- 
dibromobutaae.” the lower-6eld doublet wu lu&d to the 
muo-isomer, sod the bi&r tkld doubkt to the (*)-isomer. The 
isomer rxtio wea detumiml from the integral traces of tbc8e 
&UbktS. 




