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SYNTHESIS OF ALKYL
N-CYANO-N-SUBSTITUTED CARBAMATES
AND N,N-DISUBSTITUTED CYANAMIDES!

LYDIA SUBA, TANN SCHAFER, PETER G. RUMINSKI
and JOHN J. D’AMICO*

Monsanto Agricultural Products Company, 800 N. Lindbergh Boulevard,
St. Louis, Missouri 63166, U.S.A.

The reactions of 8,5’ methyl cyanodithioimidocarbonate with potassium hydroxide in alkyl or benzyl
alcohol furnished the O-alkyl and benzyl O-potassium cyanoimidocarbonates (1-5). The reaction of the
potassium salts (1, 3, or 4) with a 10% excess of alkyl, allyl or benzyl halides afforded the unknown titled
carbamates (6—17). The reaction of 2 with 10% excess benzyl bromide or 5§ with 10% excess methyl iodide
gave the same product, N-benzyl-N-methyl cyanamide (18). The reactions of 2 with 10% and 55% excess
allyl bromide afforded N-allyl-N-methyl cyanamide (19) and N,N-diallyl cyanamide (20), respectively.
The reaction of 3 with 28% excess of allyl iodide furnished N-allyl-N-propyl cyanamide (21).
Possible mechanisms and supporting NMR, IR and mass spectra data are discussed.

In the preceding paper in this issue,2 we reported the synthesis of O-potassium
S-alkyl cyanothioimidocarbonates by the reaction of §,S’ alkyl cyanodithioimido-
carbonate with potassium hydroxide in an acetone medium. Moreover, the reaction
of the potassium salts with alkyl, allyl or benzyl halides afforded alkyl N-cyano-
N-substituted thiolcarbamates.

We now wish to report that replacing the above potassium salts with O-alkyl and
benzyl O-potassium cyanoimidocarbonate afforded the synthesis of the previously
unknown titled carbamates of the N, N-disubstituted cyanamides.

By replacing acetone with methyl, ethyl, propyl, butyl or benzyl alcohol as a
solvent, the reaction of S,8’ methyl cyanodithioimidocarbonate® with potassium
hydroxide furnished the unexpected key intermediates, O-alkyl and benzyl O-potas-
sium cyanoimidocarbonates (1-5).

(CH3S)ZC=N-C5N + ROH —%Eg:@N-CsN + 2CH,SH (1)

LR = -CZHS; 2} R = -CH3', 3,R = -C3H7; 4, R = -C4H9; 5, R =-CH2C6H5

Analysis, infrared (neat), and NMR spectra were in agreement for the proposed
structures of 1-5. Based on elemental analysis and NMR spectra the alternate

carbamate structure NC— N— C—OR had to be considered in Reaction 1. How-

ever, the carbamate structure was ruled out on the basis of the infrared spectral
data. In 1 the presence of C=N and C=N absorption bands at 2170 and 1580

*Author to whom all correspondence should be addressed.
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cm™, respectively and the absence of the C=O0 absorption band at 1700-1755
cm ™! furnished conclusive evidence for the proposed structures 1-5.

The reaction of the potassium salts (1, 3 or 4) with a 10% excess of alkyl, allyl or
benzyl halides in dimethylformamide at 80-90°C afforded the titled carbamates

6-17).
i

R— N —C—OR

KOvc=N—C=N + RX

RO~ 80-90°C )
C
10% excess
R and R’ as shown in Table 11

Analysis, infrared, NMR and mass spectra were in agreement for the proposed
structure of 6-17. The proposed mechanisms for Reactions 1 and 2 are depicted in
Scheme 1.

o
ROH + xon(—_.._—}nox@ + 1® 4+ on®

c35. a® R}
/c-ﬁi—c_—'tn ———> CHyS-C—pN—C=N
H, H
CH,S X + scu,
-CH ;51
RO RO
N n® NeL—c=n

C——N—C=N
SN o
“°/§slc11:?* cu3s/ K@—

OH
l—CH:aSH

RO x® RO 4 RO
\c=n—csn _— %’;C=N—CEN —> >C_6N)_Ca
“o/ KO 0/

R Ly
2 o /)

RI—N—C—O0R e =y
v’

ambident anion

SCHEME 1
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The reaction of 2 with 10% excess benzyl bromide or 5 with 10% excess methyl
iodide gave the same product, N-benzyl-N-methyl cyanamide (18).

(N .
" O/C-N-C:N + CGHSCHZBr > (36H5CH2 !:i CH3 + CO2
3 2 CN
10% excess 18 (3)
KO
C=N-C=N + CH3I _ I8 + CO2
CsHSCHZO’

5

10% excess

The reaction of 2 with 10% and 55% excess allyl bromide afforded N-allyl-
N-methyl cyanamide (19) and N, N-diallyl cyanamide (20), respectively.

KO

TCeN-C=N __10% excess 5  CH,=CHCH,-N-CHj + CO,
CH30 CH2= CHCHZBr CN
2 19
2 55% excess @)
_JJ% EXCESS o = -
Gechcn B (CHECHCHy ) N + €0, + CHyBr
20
The reaction of 3 with 28% excess of allyl iodide gave N-allyl-N-propyl cyana-
mide (21).
KO -~ -
C=N-C=N 28% excess , CH2=CHCH2-N-C3H7 + €0,
CH3H70 CH2=CHCH2 I CN

3

(5)

21

The proposed mechanisms for the formation of 18, 19, 20 and 21 are shown in

Scheme 2.

The determination of the optimum conditions for the synthesis of the unsymmet-

rical cyanamides similar to 18, 19 and 21 by our novel method (Reactions 3, 4 and
5) would be very desirable. The hydrolysis of these mixed cyanamides would
provide a useful synthesis of secondary mixed amines (Reaction 6) which is not
possible by Vliet’s method* (Reaction 7) which affords only secondary symmetrical
amines.

HZO 0. +

“N- - - +

R ':;lCN > R f;R”’:f 2 NH3 (6)
Na NCN H,0 .

2R8r L5 RNCN D, R NH + C0p + Ny (7
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Was ] ©
RO—C-N—R! ~————3 ROCNu + N—3'

N CN
Nu
0
07 v i ©
R'—N + R-—/é-'-c—/g—n' —_— R—r'l-—-R' + co2 + t‘J—R'
N éN CN CN
No, R R' excess Halide
18 ~CH, =CH,C H 10%8-Benzyl bromide
~CH,C.Hg  =CH,4 10%-Methyl iodide
19 -CH3 --CHZCH-CH2 10%-Allyl bromide
21 -C3H7 -cnzcu-crlz 28%-Allyl iondide
®
55% excess N —_ Bre
CH3?-—(:"2(:“___(:"2 allyl bromide 7 (CHZ—CHCHz) 2“'—0“
CN CH
19 3
1-GH3Br
(CH2=CHCH2) 2NCN
20
SCHEME 2

In summary, depending on reaction condition, we have described a novel and
versatile direct synthesis of alkyl N-cyano-N-substituted carbamates or N, N-di-
substituted cyanamides. The required intermediates can be prepared in good yields
from cyanamide, carbon disulfide, potassium hydroxide, alkyl or benzyl alcohols
and alkyl or benzyl halides which are readily available and inexpensive.

EXPERIMENTAL SECTION

NMR spectra werg¢ obtained with a Varian T-60 NMR spectrometer. The chemical shifts are reported in
8, using tetramethylsilane as reference. All melting points were taken upon a Fisher-Johns block and are
uncorrected. The electron impact mass spectra were determined with a Varian-MAT CH-7A mass
spectrometer operating at an ionizing potential of 70 eV using the direct insertion probe technique with a
source temperature of 250°C. The infrared spectra were obtained with a Beckman IR-12 spectropho-
tometer.

O-Alkyl and benzyl Q-potassium cyanoimidocarbonates 1-5. To a stirred solution at 25°C containing
19.8 g (0.3 mol) of 85% potassium hydroxide in 300 mL of methyl, ethyl, propyl, buty! or benzyl alcohol,
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TABLEI
O Alkyl and benzyl O potassium cyanoimidocarbonates

KOH
(CH,S),C=N—C=N + ROH — ‘Pfg>c=N_cEN + 2CH,SH

Heating period ¢ NMR, & (ppm)

No. R Mp°C(dec) Hrs. T°C Yield Me,SOds—Me,Si Empirical formula
1* —CH; 196-7° 6 75-80 87 105(1,3,CH,CH) C,H;KN,0, iH,0°
3.80 (g, 2, CH,CH;)
2 —CH, 238-9 6 S0-60 68 3.40(2,3,CH,) C,H,KN,0,¢
3 —GH, 159-61 22 54-58 65 — CsH,KN,0,
4 —C,H, 153-5° 48 78-80 719 — CgHgKN,0,f
§ —CH,C(H;  229-31° 48 80-90 99 5.1(s,2,CH,) CyH,KN,0, - 1H,0!

74(s, 5, CsHy)

2 IR (Csl): 3000 (aliph C—H), 2170 (C=N), and 1580 cm~! (C=N).
bRecrystallization from ethanol.
¢ Caled: C, 29.80; H, 3.75; K, 24.75; N, 17.38; O, 24.81
Found: C, 30.17; H, 3.78; K, 24.48; N, 16.98; O, 24.44.
4Caled: C, 26.08; H, 2.19; K, 28.30; N, 20.27
Found: C, 26.02; H, 2.13; K, 28.19; N, 20.10.
¢ Recrystallization from methanol.
! Analytical data (+0.4%) for C, H and N were reported.

43.9 g (0.3 mol) of 8,8 methyl cyanodithioimidocarbonate® was added in one portion. An exothermic
reaction set in causing a temperature rise from 25° to about 45°C and the formation of a precipitate over
a 10-15 minute period. The stirred reaction mixture was heated at 50° to 90°C for the time period
specified in Table I and at 25-30°C for 24 hours. During this period methyl mercaptan was liberated
(Hood). After cooling to 0°C, 400 mL of heptane was added and stirring continued at 0-10°C for 30
minutes. The solid was collected by filtration and air-dried at 50°C. The data are summarized in Table 1.

Alkyl N-cyano-N-substituted carbamates—6-17. To a stirred solution containing 0.3 mol of 1,3 or 4 in
200 mL of dimethylformamide, 0.33 mol (10% excess) of the alkyl, allyl or benzyl halide was added in
one portion. The stirred reaction mixture was heated at 80-90°C for the time period specified in Table
11. After cooling to 25°C, 500 mL of water and 500 mL of ethyl ether were added and stirring was
continued for 15 minutes. The separated ether layer was washed with water until neutral to litmus and
dried over sodium sulfate. The ether was removed in vacuo at a maximum temperature of 80°C at 10-12
mm. The crude product was distilled in vacuo. The data are summarized in Table II.

N-Benzyl-N-methyl cyanamide, method I—18. To a stirred solution containing 27.6 g (0.2 mol) of 2 in
200 mL of dimethylformamide, 37.6 g (0.22 mol—10% excess) of benzyl bromide was added in one
portion. The stirred reaction mixture was heated at 80-90°C for 22 hours. After cooling to 25°C, 500 mL
of water and 500 mL of ethyl ether were added and stirring was continued for 15 minutes. The rest of the
procedure was identical as described for 6-17. 18, bp 105-112°C/0.65 mm, N&’ = 1.5287, was obtained
in 39% yield NMR (CDCl,) 8 2.63 (s, 3, NCH;); 4.02 (s, 2, NCH,); 7.28 (s, 5, CgH). IR (CsI): 2240
(C=N) and 739 and 704 cm~! (C¢Hs).

Mass spectrum m/e (rel. intensity): 146 (7) (M*). Anal. Caled. for CoH|gN,: C, 73.94; H, 6.89; N,
19.16. Found: C, 73.88; H, 7.02; N, 18.82.

Method 11—18. The procedure was identical as described in Method I except 43.7 g (0.2 mol) of § and
31.2 g (0.22 mol—10% excess) of methyl iodide was substituted for 2 and benzyl bromide, respectively.
18, 96-98°C /0.5 mm. N’ = 1.5277, was obtained in 48% yield. The analytical data (NMR, IR, mass
spectra and elemental analyses) were comparable to that reported in Method 1.

N-Allyl-N-methyl cyanamide—19. To a stirred solution containing 27.6 g (0.2 mol) of 2 in 200 mL of
dimethylformamide, 0.22 mol—(10% excess) of allyl bromide or iodide was added in one portion. The
stirred reaction mixture was heated at 80-90°C for 72 hours. The rest of the procedure was the same as
described for 6-17. 19, bp 36-40°C /0.8 mm, NZ’ = 1.4432 (Lit.* bp 74-5°C/15 mm), was obtained in



L.SUBA et al.

224

(FHO®HD*HD O ‘TN vI'P
(HDON ‘€ ') 8T°€

(0=D) ssL1 (‘HO"HD*HDO ‘T DYoLt zeer't = IN
CON'H?D oDyt (N=D) o1t CHO*CCHD)O '€V T60 T v1/9-bL 1 I ‘Ho— ‘HHD— 1
(*HD*HD O TP sty
(0=2) ssL.1 _ (CCHON'€*s)LT€ £6er'T = SN
FONPH®D o(8)8T1  (N=D) 0572 CHO*HDOO € VOET LT vo/Tr 1 I tHO— ‘HD— 0
(*HD*HD O ‘T D sty
("HO*HD*HON TV Lv'E
("HO*HD “HON ‘T‘D)0L'1
(0=D) 0sL1 _CHO'HDO ‘€M OET 68cv'T = 9N
LONTHSD q(E)98T  (N=D) 0¥t CHDHO*HON '€V L60 1 80/8-99 £ g fHDO— *HD— " 6
(*HD*HD O ‘TD) LTy
(0o=D)ostt (‘HD*HON TP L€ sser'l = 9N
LON"HD Q@D (N=D)spcz CHDHONPwe ‘HOCHDIO9VEET 9 TE/18-6L 1 i ‘HD— ‘HD— 8
CHO=HD *HD ‘g ‘W) 0T9-£0'S
(*HO’HD O ‘T D) LT¥
(0=D) ssLT (*HO=HD*HON ‘T ‘P) LO¥ Tesh'T = 9N
LON"H D ST (N=D) 05z CHO*HDO‘SNOET ¥ £0/5-€S z I ‘HO=HD'HD— °‘HO— L
CCH%D ¢S e€'L
(*HON ‘T '5) §S°%
(0=DJ) 0sL1. (*HD*HD O ‘T D) 8TV 6v15'T = IN
<LONH'D SV oz (N=D) 05T CHOHDO'EDOTT of L'0/5-2T1 r4 g ‘HD'HD— *HD— 9
enuuo)  (Asuur oY) 1e3u 1SN —FIDAD pp uwm/),dq  skep X A d ‘ON
reoundury W (;-wo) A1 (wdd) ¢ “WAN % aoww.wux
$$30X
%01
JU S 0 ) . |
WO—O— N A —— X + N=0—N=D{gy

It
(o]

sajewRqred pAImINSqNs-N KAV
11 9719VL

1102 AJtenuer 0g TS:L0

1Y papeo jumog



225

N-CYANOCARBAMATES

(1 + W) endads ssew uonezIIO! [RIIWAY)) ,
"exnoads ssew joedwt UONIIH 4
‘N pue H ) 103 pansodas asam (%p'0 T ) sisA[eue Aiojoejsnes,

LONTHD

LON"H®D

LON'HD

NNONZ:I SU

NNﬁu~7~ v—m xU

LOINCTHYD

oLST

5ILT

2581

q(8)812

oLt

q01)9sT

(0=D) s9L1
(N=D) 0sTT

(0=D) 0sL1
(N=D) 051t

(0=D) ssL1
(N=D) 0527

(0=D) ssLi

(N=D) 0122

(0=D) ssL1

(N=D) 0127

(0=D)ssLt1
(N=D) 012C

CCHO*CCHDYHDO ‘T T
CHON ‘€D TE
(CHO*HO*CHD)O ‘v ‘W) 8'1-T'T
CHDE(*HD)O ‘€ ‘W) 6°0
(CHD*(*HDO)I'HDO ‘TV STV
_(*HOHON ‘TD) s
(*HO*(*HD)*HDHO pue
("HD*HDON ‘L ‘W) §6'1-50'1
CHD!(*HD)O ‘€ 'm) s8°0
CHO*CCHD)YHDO TV 1Y
(FHO*HD™HON ‘T €€
(*HO*("HD)*HDO pue
(FHOHDHON ‘9 ‘W 61-T1
CCHDE(*HD)O pue
*HO*(*HDIN ‘9 ‘@) £6'0
CHD‘s9)¢EL
(CHON ‘2°5) 89
(*HO'HDHDO ‘TVSTY
(*HO'HD®HOO T D) €91
CHD*(*HD)O ‘€ ‘1) §8°0
(FHD*HDHDO TV TV
(YHDO*HDHON TV §S°E
(*HDO'HO HDN pue
THO'HO'HOO ‘v D) L1
("HD*(*HD)N pue
"HO*(*HD)O ‘9 1) 860
(CHD'HO'HDO TV ¥
(FHD'HON ‘T D) 9°¢
(*HO"HD*HOO TP €11
CHD®HON ‘€ ‘N €T
CHD*FHD)O ‘€ V0’1

61

LS

1L

44

L9

14

1SE7'T = SN
60/1L-89
sper'T = IN
80/8-9L
19¢r'1 = SN
$0/6-8L
£605T = SN
T1/s-ppl
S8EP'T = SN
91/06
SLEV'T = SN
91/18

TT0Z AJenuer 0g TS:/0 : N Papeo |juwod

n=U|

mmNUII

bmmol

mm eUnIUl

»:~U|

w: NUII

o—.m'Ul

oﬁval

oEvU'

bﬁmUl

hmmUI

hEmUl

Ll

€1



07:51 30 January 2011

Downl oaded At:

226 L.SUBA etal.

37% yield. NMR (CDCl;) 8 2.85 (s, 3, NCH,); 3.63 (d, 2, NCH,CH=CH,); 5.13-6.37 (m, 3,
NCH,CH=CH,). IR: 2210 (C=N) cm~'. Mass spectrum m/e (rafizmensity): 96 (45) (M?Y). Anal.
Calcd for C;HgN,; C, 62.47; H, 8.39; N, 29.14. Found: C, 62.28; H, 8.40; N, 29.04.

N,N-Diallyl cyanamide—?20. To a stirred solution containing 82.8 g (0.6 mol) of 2 in 350 mL of
dimethylformamide, 111 g (0.93 mol—55% excess) of allyl bromide was added in one portion. The stirred
reaction mixture was heated at 80-90°C for 72 hours. The rest of the procedure was the same as
described for 6-17. 20, bp 74-9°C /4.2 mm, N3’ = 1.4610 (Lit.* bp 105-110°C/18 mm) was obtained
in 27% yield. NMR (CDCl,) 8 3.65 (d, 4, NCH,CH=CH,); 5.2—6.4 (m, 6, NCH,CH=CH, ). IR: 2235
(C=N) cm~. Chemical ionization mass spectrum: 123 (M + 1)*. Anal. Calcd. for C;H;N,: C, 68.82;
H, 8.25; N, 22.93. Found: C, 68.16; H, 8.48; N, 23.16.

N-Allyl-N-propyl cyanamide—21. To a stirred solution containing 47 g (0.28 mol) of 3 in 200 mL of
dimethylformamide, 60.5 g (0.36 mol—28% excess) of allyl iodide was added in one portion. The stirred
reaction mixture was heated at 80-90°C for 48 hours. The rest of the procedure was the same as
described for 6-17. 21, bp 53-6°C/0.9 mm, N3’ = 1.4534, was obtained in 20% yield. NMR (CDCl,) 8
0.92 (t, 3, N(CH,),CH;); 1.3-2.0 (m, 2, NCH,CH,CH,); 2.9 (t, 2, NCH,CH,CH;); 3.5 (, 2,
NCH,CH=CH,); 5.1-6.2 (m, 3, NCH,CH=CH,). IR: 2220 (C=N) cm™!, Mass spectrum m/e (rel.
intensity): 124 (10) (M¥). Anal. Caled. for C;H;N;: C, 67.70; H, 9.74; N, 22.56. Found: C, 67.50; H,
9.73; N, 22.50.
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