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Reactions of alkyl I-chloroethyl carbonates I and I-chloroethyl N,N-dialkyl carbamates 2 
with NSCN (M - K, NH ) 

? 
in acetone or in protyc solvents (MeOH, HCONHI) afforded the cof- 

respotiding thio- and or isothiocyano derivativea in good yields, 

The origin of the N-bonded compounds is discussed and it is concluded that most of these 
compounds must be due to a N condensation of the thiocyanete anion. 

During this work, we also found a new very mild method for isoserizing in good yields 
alkyl I-thiocyanoethyl carbonates and I-thiocyanoethyl N,N-dialkyl carbamates to their 
corresponding isothiocyano derivatives. 

Carbonates and carbamates are widespread compounds in phytosanitary chemistry.’ The syn- 
Za,b thesis of surt, functionalixed compounds is currently under active investigation. On the othe; 

thiocyanates as well as isothiocyonates are also interesting for the same kind of applications. ’ 

$and 

Thus it was thought that carbonates or carbamates substituted by a thiocyanate (or an isothiocyanate 

group) could have interesting phytosanitary properties. 

As such, alkyl f-chloroethyl carbonates _I_ and I-chloroethyl N.N-dialkyl carbamates 2, 

easily obtained from the corresponding chloroformates 4,5 , could be good starting materials by rePln- 

cement of the chlorine atom by a nucleophile. 

RocOwHclcH3 R’R*NCOOCHClCH 
3 

.!. 2 

Besides their potential applications, these substrates pose an interesting reactivity pro- 

blem since they may be attacked by nucleophiles following three different pathways as shown in 

Scheme 1. 

ACNE r” II@ + NuOCOOCHClCH3 o 

E-c-@Ni-cH3 + 

f5b 2 

E-;-Nu + CN3CHO + Cl 

1: L ,-:,,licH + ClQ 

b r!u 3 

1 = RO, R’R’N 

Scheme 1 

Moreover,substitutions following path 2 may take place, of course, following an SN2 me&a- 

oism. However the oxygen bonded to the halogenated centre may favour SN 
I 

or cation-like transition state 

mechanism by resonance stabilization of the positive charge. Thus two kinds of completely different 

exporimntal conditions are expected to give the deaired substitutions. We shall see that this was 

completely confirmed. A short note was previously published on the condensation of MSCN on 1. and 2. 6 

1619 
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In the present publication, we report the generalization of these first results as well a8 

full details concerning these substitution condensations. 

CONDENSATIONS OF AIKALI THIOCTARATRS MSCN ON ALKTL I-CHLOROETHTL CARBONATES I - 

We have carefully studied the behavior of alkyl I-chloroethyl carbonates 1 under aprotic 

conditions. A number of unreported exploratory experiments rapidly showed us that among aprotic sol- 

vents, acetone was the most convenient. 

We have gathered in Table I the main reaulta obtained in this solvent in the presence or 

absence of tetrabutylphosphoniu bromide. 

Table I : Reactiona of alkyl I-chloroethyl carbonate8 with HSCN in refluxing acetone 

1 RocCDYCH3 + 4 MSCN 

Me2C0, 56’C 
l ROCOOCHCH3 + ROCyCH3 + ROH 

Cl 
Bu4PBr 

!XN NCS 2 

i a-i 2 a-h 4 a-g 

Run R M 
Bu4PBr 

(es.) 
Time (h) (3+4) I 3” x ia x _ _ 1” x 3/4 -- 

l 

2 

3 

4 

5 

6 

7 

a 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

C2H5 (ia) K 19.5 

C2H5 (la) NHb 20 

C2H5 (La) R 0.2 15 

C2H5 (ia) NH4 
0.2 10 

tC4Hg (Lb) K 11.75 

tC4Hg (Lb) NH4 
7.5 

tC4Hg (lb) K 0.2 9.5 

tC4Hg (Lb) NH4 
0.2 4 

nC8H17 (Ic) K 35 

nC8H 1 7 (ICI 35 

nC8H1 7 (1~) 2 0.2 25.5 

nC8H 1 7 (I4 NH4 
0.2 4 

C6H5CH2 (id) K 0.2 26 

C6H5CH2 0-d) NH4 
0.2 18.5 

F (le) K 0.2 24 

W (14 NH4 
0.2 15 

iC3H7 (if) NH4 
0.2 19 

CC6H, , C.J3) NH4 
0.2 14 

C2H5(O~2~2)2 (ih) NH4 0.2 20 

C6f15 Cli) N”4 
0.2 168 

82 74 @a) 

80 75 (?a) 

81 62 (?a) 

02 83 (28) 

86 31 Qb) 

86 53 Qb) 

85 40 Qb) 

a0 80 Qb) 

80 55 Qc, 

70 67 Qc, 

81 65 Qc, 

80 80 Qc, 

51 82 Qd) 

60 100 Qd) 

60 67 Qe) 

00 78 Qe) 

81 55 Qf, 

80 75 (28) 

60 100 QW 

0 0 

26 (Aa) 

25 (+I 

38 (Aa) 

17 (?a) 

69 (ib) 

47 (ib) 

60 (bb) 

20 (?b) 

45 tic, 

33 (AC, 

35 (AC) 

20 (AC) 

18 (Ad) 

0 

33 (ie) 

22 (4e) - 

45 (40 

25 CAgs, 

0 

0 

2.8 - 

3 

1.6 - 

4.9 - 

0.4 - 

1.1 

0.7 - 

4 

1.2 10 

1.9 12 

1.9 I1 

4 9 

4.5 13 

m 18 

2 

3.5 - 

1.2 - 

3 

m 

75 

%ield of iaolated products by flash chromatography on a silica column 

Comparisons of runs 1 to 16 led us to the following conclusions : 

- Bu,I&r@ increases the reaction rates and favours the formation of thiocyanates 2 

- The main side reaction is the nucleophilic attack of the carbonyl group (reaction la see Scheme 1) 

- Interestingly, NH4SCN was soluble in acetone whereea the phosphonium catalyst was only 

alightly soluble. So it aeems that the activation observed could be due to a reaction taking place 

at the surface of the catalyst. 

With these rcsults,xe then studied the Mama reaction in protic solvents. 

Exploratory experiments led ua to rtudy methanol and formamide. 
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Unreported results ahowed that Bu4P %Q r which was completely soluble under these condi- 

tions was of no interest here. 

In Table II are reported the main results obtained. 

Table II : Reactions of alkyl I-chloroethyl carbonates with MSCN in protic solvents at room tempe- 

rature 

1 ROCOOCRCH3 + 4 MSCN 
Solvent 

dl R.T. 
l ROC00flCH3 + ROCTHCH3 + ROH 

SCN NCS 2 

I a.b.c.i,.i 2 a,b,c,i,j i a-c 

Run R n Solvent Time (11) (3+4) % 3n x 4” x 314 5” 2 

21 C2H5 (la) K 

22 C2H5 (la) NH4 

23 C2H5 (la) K 

24 C2H5 (_!a) NH4 

25 tC4Hg (Lb) K 

26 tC4Hg (ib) NH4 

27 tC4Hg (Lb) K 

20 tC4Hg (Lb) NH4 

29 nCgH17 (14 K 

30 nC8H,, (1~) NH4 

31 nCsH1, (1~) K 

32 nC8H17 (1~) NH4 

33 C6H5 (ri) NH4 

34 4-C1C6H4 (ij) NH4 

MeOH 

MeOH 

HCONH2 

HCONH2 

MeoH 

HeOU 

HCONH2 

‘ 

MeOH 

HeOH 

HCONH; 

HCONH2 

HCONH2 

23 58 100 (?a) 0 

73 70 100 (?a) 0 

4 76 83 (?a) 17 (Aa) 

4.75 86 85 (28) 15 (ia) 

5 82 81 Qb) 19 (Ab) 

12 80 88 Qb) 12 (Ab) 

12 a2 81 Qb) 19 (2b) 

17 89 79 Qb) 21 (ib) 

73 70 93 (AC) 7 ($c) 

27 64 100 (AC) 0 

168 62 65 (2~) 35 (?c) 

72 85 59 (AC) 41 (AC) 

72 51 100 (31) 0 

20 44b 100 Qj) 0 

(D 

a 

4.9 

5.7 

4.3 

7.3 

4.3 

3.0 

13.31 

m 22 

1.9 23 

1.4 

01) 35 

OL) c 

$ield of isolated product by flash chromatography on a silica column 

bReaction performed at 50°C 

‘4-Chlorophenol in undetermined aiwun t . 

Clearly it appeara that ammonium thiocyanate in formamide constitutes the best experimen- 

tal conditions, leading with one exception (run 32) to a better selectivity towards 3 than in anrotic 

solvents. The aide reaction due to the nucleophilic attack on the carbonyl group also took place with 

some carbonates. However formamide has the advantaRe over acetone that it allows the formation of 

thiocyanates 2 from phenyl and 4-cblorophenyl I-chloroethyl carbonates (runs 33, 34). 

A study of the behavior of carbonates 1 under solvolytic conditions in methanol showed that 

these caupoundsweretotally decomposed after 48 hours at room temperature. 

The comparison of the results obtained in methanol and formamide are shown in Table II and 

led us to favour a cation-like transition state SN2 mechanism rather than an SNI process. 

Finally it appears, from the literature data,that SCN’is an ambident anion with a high 

propensity to condense on a sulfur atom to give thiocyanate derivatives. 7a.b.c 
Moreover it is also 

veil known Chat thiocyanatesmay isomerize to isothfocyanates under rather drastic conditions. 
8a,b 

These results led us to study the stability of thiocyanates 3 under our experimental condi- 

tions, in order to determine the origin of isothiocyanates 4. 

The results obtained in acetone are given in Table III. 
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Table III : Stability of carbonates 3 under their~preparation conditions in refluxing acetone 

1 ROCOO~CH3 
3 Nt$SCN 

> ROC 
“i 

“CH3 

SCN 
0.2 Bu4PEr. He2CO. 56°C 

NC6 

3 a-i 5 a,h,c,e,f,g,h 

Run R Time (h) 4” I Unreacted 3 X 

35 C2H5 (?a) 53 

36 iC3”, (if1 96 

37 tC4H9 (Jb) 26 

30 CC6” (28) * , 39 

39 nCg” Qc, , , 48 

40 “Cg”,7 (AC) 49 

41 C2H5 (OC”2CH2) 2 Qh, 77 

42 w Qe) 55 

43 C6”5 Qi) I 108 

44 C6H5CU2 Qd) 38 

12 (48) 

27 (50 

41 (bb) 

44 (Agg, 

20 @lb 

29 (2c) 

13 (211) 

35 ($1 

OC 

Od 

40 

20 

0 

26 

50 

52 

15 

52 

0 

0 

‘Yield of isolated products by flash chromatography on a silica column 
b 

Reaction performed without Bu4PBr 

‘Presence of 53 X of phenol isolated by flash chromatography on a silica column 
d 

Presence of 59 X of benzyl alcohol isolated by flash chromatography on a silica column. 

It appears that with few exceptions ieothiocyanates are formed in rather low yields. 

Moreover, the reaction times needed to perform these transformations are much longer than the reac- 

tion times reported in Table I. Finally significant decompositions were observed. 

From these results we concluded that most isothiocyanates i must be due to’a N condensa- 

tion of the thiocyanate anion. 

The same experiments when performed in protic solvents (HeOH or HCONH2) did nok lead to 

the formation of isothiocyanates 4 but rather gave large amounts of decomposition products. Thus it 

appears that isothiocyanates 4 are due only to N condensation of thiocyanate anions. 

Moreover a specific salvation of SCN’on nitrogen, which is the hardest basic site of the 

aaion accounta for the highest selectivity observed in the formation of thiocyanates 3. 

CONDENSATION OF ALKALI THIOL~MATES ON I-CIILOROETHYL N,N-DlALKYL CARBANATES 2 

The results obtained inncctone as well as in protic solvents are reported in Table IV. 

Condensations on carbamates were, like condensations on carbonates, catalyzed by Bu4PBr in 

acetone. It appears that in this solvent, potassium thiocyanate strongly favoiired the formation of 

isothiocyanates 1 which in a number of cases were the only product formed. 

In protic solvents the reaction are much faster and the formation of thiocyanates 2 

vaa f avoured . Study of the behaviour of carbamates 2 under solvolytic conditions in NeOH showed 

decomposition of these compounds. 

We also concluded that nn SN2 reaction with high cotionic transiLion atate character must 

take place instead of SN, reaction during the Lhiocyanate condensation. 



Table IV : Reactifae of I-chloroefhyl N,N-dialkyl cerbamates with NSCN in acetone or in protic solvents 

at room temperature 

1 
R" 

NCOOCHCH3 + 4 MSCN 
Solvent, R.T. , R:NC_a 

l!l 
Bu4PBr R" 

ACN 

2 a,b 6 e,b 7 a,b 

Run R' R= M Bu PBr (eq) Solvent Time (b) (6+7) X 6" X I" % __ 617 -- 

45 

26 
c2Hs C2H5 (ze) K 

c2H5 C2Hg (28) NH4 

47 
C2Hs C2H5 (ze) R 0.2 

40 
C2H5 C2H5 (a) NH4 0.2 

49 -(CH2)5- (2b) R - 

50 -(CH2)5- Qb) NH4 - 

51 -KH2)5- Qb) K 0.2 

52 -(CH2)s- c&b) NH4 0.2 

53 
C2Hs C2H5 (La) R 

54 
C2H5 c2H5 (?a) NH4 - 

55 
C2H5 C2H5 (_18) R 

56 
C2H5 C2H5 (ze) NH4 

57 -KH2)5- (2b) K - 

58 -(CH2)5- (2b) NH4 - 

59 -EH2)5- (2b) R - 

60 -(CH2)5- Qb) NH4 - 

!4e2co 

llezCO 
He2co 

Me2co 

ne2co 

ne2co 

ne2co 

Ne2C0 

MeOH 

UeOH 

HCONH2 

HCONH2 

MeOH 

HeOH 

HCONH2 

HCONH2 

a.5 75 

7.5 68 

5.5 74 

3.75 07 

24 79 

27 35 

25 a5 

18 73 

b 72 

b 64 

b 67 

b 71 

b 66 

b 66 

b 36 

b 64 

0 

78(&d 

7Qe) 

67(ke) 

0 

71(kb) 

0 

38(fib) 

79@) 

63(ke) 

67(ie) 

54(ie) 

59@b) 

82(6b) - 

39@b) 

44(kb) 

lOO(la) 

22(le) 

93(le) 

33(la) 

1oOQb) 

29(Lb) 

loO(lb) 

62(7b) - 

21Qe) 

37(7a) 

33(le) 

46(le) 

41(7b) 

18(7b) - 

61(7b) 

56Qb) 

0 

3.5 

0.08 

2 

0 

2.4 

0 

0.6 

3.8 

1.7 

2 

1.1 

2.2 

4.5 

0.6 

0.8 

ayield of isolated product by flesh chromatography on a silica col- 
b 
Instantaneous reaction. 

Table V : 

R’. 

Finally we studied the stability of thiocyanates 6 under our reaction conditions. 

The results obtained in acetone are summarized in Table V. 

Stability of I-thiocyanoethyl N,N-dielkyl carbemetes ie,b under their preparation conditions 

in acetone 

' R2/ 
‘NCOOyCH3 

SCN 

6 e,b 

3 MSCN, Me2C0 R' 
l 

0,2 Bu4PBr, R.T. 
'NCOOCHCH3 

R2' 
I&S 

7 a,b 

Run RI R2 M Time (h) 7a x 

61 c2H5 C2H5 (ke) K 42 44 (7e) 

62 '2H5 C2N5 (gal NH4 72 70 (Ia) 

63 -(CH2)5- (5) R 33 48 (7b) - 

64 -0x2)5- @) NH4 70 75 (_lb) 

BYield of isolated product by flash chrometogrephy on a silica column. 

Zt aiey be seen that irpmerizetion takes place with potaesium es well es ezmmnium thiocye- 

oetes. However the isomerieation was much slower than the condensation of the alkaline thio- 

cyeuatee. Thus we concluded that a large BPocmt of isothiocyeaetea were formed by N wadensetions. 
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The very high selectivity observed with potassium thiocyanate could be exnlained bv the 

cyclic transition state shown : 

In protic solvents we never observed the isomerization of thiocyanates 2 .to iso- 

thiocaganates 1. but decomposition. . Thus the formation of isothiocyanates 7 during the conden- 

sations must be due to N-condensations. The specific salvation of nitrogen must also be responsible 

for the S-condensation selectivity observed with both potassium as well as wnium thiocyanates. 

A VERY MILD THIOCYANATES - ISOTHIOCYANATBS ISOMERIZATION 

The reactions described above allow the easy preparation of thiocyanates Z-E-O- 

with I: - RO, R'R'N . 0 EH3 

However, with a few exceptions, the corresponding isothiocyanates cannot be synthesiaed in 

this way. Among the few methods given in the literature to isomerize thiocyanates to isothiocya- 

nates, the only one successfully used with some of our substrates was heating at 16O’C in decalia 

in the presence of ZnC12. The results thus obtained are given in Table VI. 

Table VI : Isomerization of thiocyanates 2 to isothiocyanates 5 according to a literature proce- 

dure 

ROCoOCHCH3 
Decalin , 16O’C 

AC, 
ZnC12 0.1 eq. 

l ROCOOCHCH3 

Ls 

3 a.f,c,d, 4 a,f,c - 

Run R Time (h) 4a x 

65 

66 

67 

68 

C2H5 (?a) 

iC3H7 (Af) 

nC8H17 (2~) 

C6H5CH2 Qd) 

2 

0.5 

2 

0.35 

78 (4a) 

80 (bf) 

66 (ic, 

0 

BYield of isolated product by flash chromatography on a silica column. 

However these drastic experimental conditions cannot be used with sensitive thio- 

cyanates. For example benzyl I-thiocyanoethyl carbonate was completely destroyed and isomeriza- 

tion was never observed. 

During the study of the stability of thiocyanates 2 and 6 under their formation conditions 

we surprisingly found that in acetone, in the presence of Bu4PBr but in the absence of alkali thio- 

cyanates, thiocyanates 3 and 6 were readily transformed under mild conditions to the corresponding - - 

isothiocyanates 4 and _! respectively. The results thus obtained are gathered in Table VII. 

Even sensitive substrates were isomerised in fair yield. Interestingly, the isomerisation 

also took place in the presence of Et4NBr although this catalyst was a little less efficient. On the 

contrary no isomerization we observed in the presence of Et4NPP6. So it appears that the bromide 

anion ia needed for the isomerization to take place. On the other hand it is well known that subs- 

trates such as Z-CyHCH3 (1 - RO, R’R’N) are extremely reactive reagents.’ 

Br 
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Taking into account these data, we propose the two step wchanism given in Scheme 2 to 

observed isoeeriration 

1 I-c-coocHCH3 
Bu4PBr (0.2 eq.) 

&N 
r4e2co *k-y1 I 3 

+ Bu4PSCN __* I-COO~CH3 

NCS 

Scheme 2 

Concerning the N condensation selectivity observed during the second step, there is no 

obvious simple explanation. liowever, it could be SUgge.StSd that replacing chlorine atom by bromine 

atom would lead to a more marked cationic like transition state . Thus according to the HSAB 

theory 
IOa,b,c 

the substrate would be attacked by the hardest side of thiocyanate anion, that is to 

say the nitrogen atom. 

Table VII : Isomerization of compounds 2 and 2 to their corresponding N-bonded derivatives in 

acetone in presence of Bu4PBr 

1 I-COOCHCH3 

ACN 

Bu4PBr (0.2 eq.) 
l 

Me2C0 =YHC”3 
NCS 

3 a-i or 6 s,b 4 s-i or 7 a,b 

RUll 1 T’C Time (h) 

69 C2H50 (?a) 56 72 

70 iC3ll7” (21) !8lJ II 

71 CC6H, fJ (28) , 56 24 

72 tC4Hg0 Qb) 56 13 

73 nCaH, ,‘J Qc, 56 48 

74 C2H5 (OClj2CH2)20 Qh) 56 26 

75 w Qe) 56 38 

76 C6H50 Qi) 56 99 

77 C6H5CN20 (Ad) 56 26 

78 (C2115)2N (?a) 25 96 

79 C N (?b) 25 80 

4 or 7a x - - 

81 (Aa) 

u:, (“I, 

a2 (4-g) 

ai (ib) 

a2 (4~) 

45 (Ah) 

81 (ie) 

42b (4i) 

56 (id) 

a0 (14 

78 (lb) 

ayield of isolated product by flash chromatography on a silica column 
b 

Presence of 15 X of unreacted starting material. 

CONCLUSION 

The present work describes the easy preparations of derivatives containing both carbonates 

or carbamates and thiocyanates or isothiocyanates groups which could present an interest in phytosa- 

nitary chemistry. A number of the compounds thus prepared are under investigation in this way. 

EXPERIMF,NTAL 

IR spectra were measured as films unless otherwise stated on a Perkin Elmer 580 B instru- 

ment. 
I 
H NMR spectra were recorded with TNS as an internal standard in Ccl4 at 60 ma on a Perkin 

Elawzr R 12 B spectrometer or at SO Mlr on a Bruker AU 80 spectrometer. The chemical shifts are given 

in ppm. Hans spectra were recorded with a Nermag-Sidar V 30 spectrometer at 70 eV. CLC was carried 

out on a Carlo Brba CI 452 gas chromatograph with a PID detector (3 l IO X SE3o column or I m 10 % 

OVlo, glass colwzn). TLC was performed on a Nerck Kieselgel 60 P254 (eluent : petroleum ether/ethyl 

acetate &X/15). Flash chromatography II was carricd out on a silica column packed with Herck Kiesel- 

gel (230-400 mesh) (eluent : petroleum ether/ethyl acetete 92-70/B-30). 
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Solvents were distilled in the presence of appropriate drying reagents before usa. 

MSCN (H - R, NH4). Bu4PBr and ZnCl2 mere dried under vacua at lCODC one night before usc. 

All the starting materials l-a-j, 
4.5.12 

and 2a.b were prepared according to the literature procedu- 

res. The products le, ih, Ij are unknown. 

Ally1 I-chloroethylcarbonate le : 

le was obtained with 85 X yield. BP2 : 54-55’C ; 11 (cm-‘) 3100, 1770, 1655 

‘H NMR : 1.8 d (3 H, J - 6 Hz) ; 4.65 d (2 H, .J - 5.3 Hz) ; 5.14-5.6 m (2 H) ; 5.77-6.65 m’(2 11 with 

q 6.45, J - 6 Hz) 

Anal. Calc. for C6H9C103 : C 43.79 ; H 5.51 ; Cl 21.54. Pound : C 43.77 ; Ii 5.44 ; Cl 21.64. 

2-(P-Ethoxyethoxy)ethyl I-chloroethylcarbonate lh : 
rh was obtained vith 82 X yield. BP4 : 128°C ; IR (cm-‘) 1765 

‘H NMR : 1.14 t (3 H, J - 6.3 Hz) ; 1.8 d (3 H, J - 6 Hz) ; 3.26-3.88 m (8 H) ; 4.17-4.48 q (2 H) ; 
6.4 q (I H, J - 6 Hz) 

Anal. Calc. for C9H17C105 : C 44.91 ; H 7.12 ; Cl 14.73. Found : C 44.83 ; H 7.28 ; Cl 14.93. 

4-Chlorophenyl I-chloroethylcarbonate lj : 

Lj was obtained with 77 X yield. BP3 : 129-130°C ; MP : 53’C ; IR (KBr. cm-‘) 1790 
I 
H NMR : 1.84 d (3 H. J - 6 Hz) ; 6.4 q (I H, J - 6 Hz) ; 7-7.5 m (4 H) 

Anal. Calc. for C9H8C1203 : C 45.99 ; H 3.43 ; Cl 30.16. Found : C 46.20 ; H 3.19 ; Cl 29.99. 

1. Reactions of la-i with PLSCN in refluxing acetone. - Synthesis of alkyl I-thiocyanoethylcerbonates ?a-h 

and alkyl I-isothiocyanoethylcarbonates ba-g (Table I) - Compounds la-i (IO rmmles) diluted in 10 ml 

of acetone were added to a magnetically stirred mixture of HSCN (40 mmoles Fl - K. 3.88 g ; ti - NH4, 
3.04 g) with 3u4PBr (2 sxaoles, 0.67 g) in refluxing acetone (20 ml). Some reactions were also perfor- 

med vithout Bu4PBr (see Table I). After completion of the reactions (monitored by GLC). the reaction 

mixture was allowed to cool to room temperature and vater was added. The organic layer was extracted 

with Et20 and the extracts were washed (water) dried (anhyd. MgS04) and concentrated under reduced 

pressure. Flash chromatography of the crude product (eluent : petroleum ether/ethyl acetate 92-7Q/ 

8-30) gave pure Aa-h and ia-g. 

Ethyl I-thiocyanoethylcarbonate 3a : 

IR (cm-‘) 2170, 1760 
1 
HNMR: 1.42 t (3 H, J = 6.7 Hz) ; 1.88 d (3 H, J - 6 Hz) 4.29 (2 ; q H, J - 6.7 Hz) ; 6.00 q (1 H, 

J - 6 HE) 

Anal. Calc. for C6H9N03S : C 41.13 ; H 5.17 ; N 7.99 ; S 18.30. Found : C 40.97 ; H 5.29 ; N 7.79 ; 

S 18.40. 

Ethyl I-isothiocyanoethylcarbonate Aa : 
IR (cx-‘) 2050, 1760 
1 
Ii NMR : 1.40 t (3 H, J - 6.7 Hz) ; 1.58 d (3 H, J - 6 He) ; 4.24 q (2 H, J - 6.7 Hz) ; 5.93 q (1 H, 

J - 6 Hz) 

Anal. Calc. for C6H9N03S : C 41.13 ; H 5.17 ; N 7.99 ; S 18.30. Found : C 41.25 ; H 5.07 ; N 8.07 ; 

s 18.60. 

Terbutyl I-thiocyanoethylcarbonate zb : 
IR (cm-‘) 2170, 1765 

‘H NtlR : 1.53 s (9 H) ; (3 H, 1.87 d J - 6 Hz) ; 5.92 q (I 8, J - 6 He) 

Anal. Calc. for C8H,3N03S : C 47.27 ; Ii 6.45 ; N 6.89 ; S 15.77. Found : C 47.38 ; A 6.39 ; N 6.84 ; 

S 15.46. 
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Terbutyl I-isothiocyamethylcarbonate ib : 
IR (cm-‘) 2040, 1765 
I tINMU: 1.51 B (9 H) ; 1.66 d (3 H, J - 6 Hz) ; 5.96 q (1 H, J - 6 Hz) 

Anal. Calc. forC8H,3NOjS : C 47.27 ; H 6.45 ; N 6.89 ; S 15.77. Found : C 47.31 ; H 6.38 ; N 6.91 ; 

S 15.86. 

n-Octyl I-thiocyanoethylcarbouate 3c : 
IR (cro-‘) 2170, 1760 

‘H N?lR : 0.6-2.1 m (18 H with d at 1.87, 3 H, J - 6 Hz) ; 4.14 o (2 H) ; 5.96 q (I H. J - 6 Hz) 

Anal. Calc. for C12H2,N03S : C 55.71 ; H 8.16 ; N 5.40 ; S 12.36. Foudd : C 55.74 ; H 8.40 : N 5.27 ; 

s 11.99. 

n-Octyl I-isothiocyanoethylcarbonate 4c : 
IR (cm-‘) 2040, 1765 
1 
H NMR : 0.6-2.1 q (18 H with d at 1.6, 3 H, J - 6 Hz.) ; 4.1 m (2 H) ; 5.95 q (1 H, J - 6 Hz) 

Anal. Calc. for C12H2,N03S : C 55.71 ; H 8.16 ; N 5.40 ; S 12.36. Found : C 55.74 ; R 8.62 ; N 5.13 ; 

S 12.03. 

Benzyl I-thiocyanoethylcarbonate ?d : 
IR (cm-‘) 2170, 1765 

‘H NMR : 1.79 d (3 H, J - 6 Hz) ; 5.11 8 (2 H) ; 5.86 q (I H, J - 6 Hz) ; 7.3 br.s (5 H) 

Anal. Calc. for CllH,,N03S : C 55.69 ; H 4.67 ; N 5.90 ; S 13.51. Found : C 55.88 ; H 4.87 ; N 5.99 ; 

S 13.61. 

Benzyl I-isothiocyanoethylcarbonate id : 
IR (cm’) 2040, 1760 

‘H NMR : 1.57 d (3 H, J - 6 Hz) ; 5.07 8 (2 H) ; 5.87 q (I 8, J - 6 Hz) ; 7.32 br.8 (5 H) 

Anal. Calc. for CllHllN03S : C 55.69 ; H 4.67 ; N 5.90 ; S 13.51. Found : C 55.54 ; H 4.73 ; N 5.65 ; 

S 13.22. 

Ally1 I-thiocyanoethylcarbonate ie : 

IR (cm’) 3100, 2170, 1760. 1655 

‘H NUR : 1.9 d (3 H, J - 6 Hz) ; 4.67 d (2 H, J - 4.7 Hz) ; 5.15-5.6 q (2 H) ; 5.65-6.7 q (2 H with 

q at 5.97, 1 H, J - 6 Hz) 

Anal. Calc. for C7H9N03S : C 44.91 ; H 4.85 ; N 7.48 ; S 17.13. Found : C 45.04 ; H 4.98 ; N 7.48 ; 

S 16.59. 

Ally1 I-ieothiocyanoethylcarbonate 4e : 
IR (cr?) 3100, 2050, 1760, 1655 

- 

I 
H NMR : 1.7 d (3 H, J - 6 Hz) ; 4.71 d (2 H, J - 4.7 Hz) ; 5.2-5.7 q (2 H) ; 5.8-6.3 m (2 H with q 

at 6.04, 1 H, J - 6 Hz) 

Anal. Calc. for C7H9N03S : C 44.91 ; H 4.85 ; N 7.48 ; S 17.13.Found : C 44.70 ; H 5.29 ; N 7.46 ; 
s 16.68. 

Isopropyl I-thiocyanoethylcarbonate 3f : 
IR (cm-‘) 2170. 

- 
1765 

*H NMR : 1.35 d (6 H, J - 6 Hz) ; (3 H, 1.89 d J - 6 Hz) ; 4.64-5.15 m 

Anal. Calc. for C7HllN03S : C 44.43 H 5.86 ;,N ; 7.40 ; S 16.94. Found 

S 16.48. 

Isopropyl I-isothiocyanoethylcarbonate 4f : 
IR (cm-‘) 2050, 

- 
1765 

‘8 NMR : 1.33 d (6 H, J - 6 Hz) ; (3 H, 1.62 d J - 6 Hz) ; 4.62-5.13 I 

(1 H) ; 5.9 (1 H, J - 6 Hz) 

: C 44.12 ; H 6.02 ; N 7.24 ; 

(1 ‘0 ; 5.91 (1 H, J - 6 Hz) 
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Anal. Calc. for C,H,,N03S : C 44.43 ; B 5.86 ; N 7.40 ; S 16.94. Found : C 44.39 ; Ii 5.91 ; N 7.16 ; 

S 16.77. 

Cyclohoxyl I-thiocyanoethylcarbonate >g : 

IR (cm-‘) 2170, 1760 

Ill NKR : 1.02-2.34 m (13 H with d at 1.88, 3 11, J - 6 Ha) ; 4.35-S m (1 H) ; 5.95 q (1 8, J - 6 lit) 

Anal. Calc. for Cloll15N03S : C 52.60 ; H 6.18 ; N 6.14 ; S 14.05. Found : C 52.46 ; A 6.66 ; N 6.15 ; 
s 13.77. 

Cyclohaxyl I-isothiocyanoethylcarbonate Ag : 

IR (cm-‘) 2040, 1760 

‘ll NMR : 0.8-2.25 m (13 H vith d at 1.62, 3 ll, J - 6 Hz) ; 4.27-4.91 m (1 ll) ; 5.95 q (1 H, J - 6 HE) 

Anal. Calc. for C10H15N03S : C 52.60 ; IX 6.18 ; N 6.14 ; S 14.05.Found : C 52.12 ; H 6.52 ; N 6.09 ; 

S 13.66. 

2-(2-Ethoxyethoxy)ethyl I-thiocyanoethyIcarbonate zh : 
IR (cm-‘) 2170, 1760 

‘ll NnR : 1.12 t (3 11, J - 6.3 Hz) ; 1.9 d (3 H, J - 6 Ha) ; 3.2-3.95 m (8 H) ; 4.2-4.6 m (2 H) ; 

5.95 q (1 H, J - 6 Hz) 

Anal. Calc. for C10H17N05S : C 45.60 ; H 6.51 ; N 5.32 ; S 12.18. Found : C 45.46 ; 11 6.47 ; N s.59 i 

s 12.59. 

2.Reactions of alkyl I-chloroalkyl carbonates l_a,b.c,i,j with MSCN in protic solvents. Synthesis of 

alkyl I-thiocyanoethylcarbonates (za,b,c,i,j) and alkyl I-isothiocyanoethylcrbonatee (a,b,c) - 

Compounds 1 (IO nxsoles) diluted in 10 ml of methanol or formamidewereadded to a magnetically stirred 

solution of MSCR (40 mmolee) in methanol or formamide at room temperature. After completion of the 

reactions (monitored by GLC) and the work up described above, the products za,b,c,i,j and 4a-c were - 

isolated pure by flash chromatography. $,j were new products. 

Phenyl I-thiocyanoethylcarbonate 3i : 

IR (cm-l) 2170, 1770 
1 
HNMR: 1.9 d (3 H, J = 6 Hz) ; 5.92 q (1 ll, J = 6 HE) ; 7-7.52 m (5 H) 

Anal. Calc. for C10HgN03S : C 53.80 ; H 4.06 ; N 6.12 ; S 14.36. Found : C 53.88 ; R 4.17 ; N 6.27 1 

S 14.36. 

4-Chlorophenyl I-thiocyanoethylcarbonate zj : 
IR (cm-‘) 2170, 1775 

‘ll NMR : 1.9 d (3 H, 3 - 6 Hz) ; 5.94 q (1 ll, J - 6 Hz) ; 7-7.47 m (4 H) 

Anal. Calc, for C,0118ClN03S : C 46.61 ; H 3.13 ; N 5.43 ; S 12.44. Found : C 46.66 ; R 3.12 1 

N 5.31 ; S 12.04. 

3. Stability of thiocyanates 3a-i under their preparation conditions. Reactions performed in refluxing 

acetone (Table III) - In a 50 ml round bottom flask, we stirred magnetically a mixture of 5 me&es 

of alkyl I-thiocyanoethylcarbonates ?a-h, 15 srsoles of NH4SCN (1.14 g) and 1 mmole of gu4Pgr (0.34 g) 

in refluxing acetone (15 ml). For the reaction time given in Table III, the reaction did not progress 

more (except run 37). After the usual aqueous work up, the compounds a,b.c,e,f,g,h were isolated by 

flash chromatography. All these compounds have been already described above except Ah which was 

naw one. 

2-(2-Ethoxyethoxy)ethyl 1-isothiocyanoethylcarbonate ih : 
IR (cm-‘) 2040, 1760 

‘ll NKR : 1.12 t (3 H, J - 7 HZ) ; 1.65 d (3 H, J - 6 Hz) ; 3.26-3.8 m (8 H) ; 4.17-4.4 m (2 11) 

6 q (1 8, J - 6 Hz) 

m/e n+ l l 264 
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4. Reactions of I-chlorocthyl N,N-dialkylcarbamates ga,b with HSCN in acetone or in protic solvents. 

Synthesis of I-thiocyanoethyl N,N-dialkylcarbamaten 2a.b and I-iaothiocyanoethyl N,N-dialkyl- 

carbamates (Table IV) - In acetone, ve operated at room temperature. The procedure vas the 

saaa as that used for carbonates 1. In protic solvents, carbamates za,b must not be diluted in the 

choiced solvent before addition to the reaction mixture. Otherwise the procedure was the same as 

that described in experimental part (section 2). 

5. Stability of carbamates 5a.b under their preparation conditions in acetoue (Table V) - Tbe procedure 

was the asme as that used in section 3 for carbonates 3. The products isolated by flash chromatography 

were pure. Their spectroscopic data are given below. 

6. Isomeritation of some alkyl I-thiocyanoethylcarbonates to their corresponding iaothiocyano deriva- 

tives according to a procedure described in the literature 6b (Table VI) - To a magnetically stirred 

solution of ZnCl2 (0.5 nwnole, 68 sg) in decaIi.ne (5 ml) at 160°C, we added dropViSe carbonates zajo,C, 

d,f (5 sssolas). After completion of the reaction (monitored by CLC), tbe solvent was removed by dis- 

tillation under reduced pressure. The expected products were isolated by flash chromatography. Their 

spectroscopic data (IR, NHR) were identical to those described previously in section 1. 

7. Isomeriration of compounds 38-i and 5a.b to their corresponding isotbiocyano derivatives in acetone 

containing Bu4PBr (Table VII) - Xn a 50 ml round bottom flask, we stirred magnetically a mixture of 

carbonates 3a-i (5 mmoles) and gu PBr 4 (1 swole, 0.34 g) in acetone (15 mlf at the temperature given 

in Table VII. After completion of the reactions (monitored by CLC or TLC), the products *@re 

isolated by flash chromatography, Their spectroscopic dota (IR, NMR) were identical to those descri- 

bed in section 1 and 4 except _4_i which was a new one. 

Phanyl I-isothiocyanoethylcnrbonate ii : 
IR (cm-l) 2040, 1775 

‘H NMR : 1.57 d (3 H, .J - 6 Nz) ; 5.95 q (I II, J - 6 tlz) ; 6.95-7.6 m (5 Hf 

Anal. Calc. for C10119N03S : C 53.80 ; H 4.06 ; N 6.12 ; S 14.36. Pound : C 53.72 ; H 4.12 ; N 6.38 ; 

s 14.40. 

I-Thiocyanoethyl N,N-diethylcarbamnte aa : 

IR (cm-‘) 2170, 1715 

‘H NNR : 1.13 t (6 Ii, .I - 7.3 Hz) ; 1.88 d (3 11, J - 6 llz) ; 3.29 q (4 11, J - 7.3 Hz) ; 6.05 q (1 H, 

J - 6 Ha) 

MS mle M+ 202. 

I-Isothiocyanoethyl N,N-diethylcarbamate fa : 

IR (cm-l) 2050, 1720 

‘H NMR : 1.13 t (6 H, J - 7.3 112) ; 1.6 d (3 H, J - 6 IIs) ; 3.28 q (4 II, J - 7.3 Hz) ; 6.08 q (1 N, 

J - 6 Hz) 

US m/e N+ 202 

The products $a and JB were unstable and gave unsatisfactory C, H, N, S microanalysie. 

I-Thiocyanoethyl N-piperidylcarbamate 6b : 

IR (cm-‘) 2170, 1715 

‘Ii NMR : 0.8-2.05 m (9 H with d at 1.83, 3 H, J - 6.3 Hz) : 3.14-3.7 m (4 N) ; 6.02 q (1 H, J _ 

6.3 Ilz) 

MS mfe H’ 214. 

I-Isothiocyanocthyl N-piperidyIcarbam.ate lb : 
IR (cm-‘) 2040, 1715 

‘ii NMR : 1.1-1.8 (9 It with d, 3 Ii, J - 6 llz) ; 3.1-3.6 B (4 N) ; 6.03 q (I H, J _ 6 Hz) 

1Ls &a H’ 214. 
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The products kb and zb were unstable and gave unsatisfactory C, II, N, S microanalysis. 
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