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Unsaturated Nitriles from N-Chlorosulfonyl-~-lactams’ 

EMIL J. MORICONI* AND CLEMENTINA C. JALANDONI~ 
Department of Chemistry, Fordham University, New York, New York 10.468 

Received May IS, 19YO 

N-Chlorosulfonyl-p-lactams are converted into unsaturated nitriles (20-75%) with DMF and heat. Thus, the 
N-chlorosulfonyl derivatives of the following 2-azetidinones, 4,4-dimethyl- (I), 4,4-diethyl- (3), 3-ethyl-4,4- 
dimethyl- (6), 3-methyl-l-azaspiro[3.5]nonan-2-one (9), 3,3,4,4-tetramethyl- (1 l), 4-tert-butyl- (13), 4-phenyl- 
(14), cis- (16), and trans-3-methyl-4-phenyl- (17), 4,4-dimethyl-3-methylene- (2 I), and 4,4-dimethyl-3-isopro- 
pylidene (25), on treatment with DMF, afforded, respectively, the following products: 3-methyl-2-butenenitrile 
(2), a 9: 1 mixture of 3-ethyl-2-pentenenitrile (4) and 3-ethyl-3-pentenenitrile (S), a 1: 1 mixture of 2-ethyl-3- 
methyl-2-butenenitrile (7) and 2-ethyl-3-methylenebutanenitrile (8), 2-(l-cyclohexenyl)propanenitrile (lo), 
2,2,3-trimethyl-3-butenenitrile ( 12), trans-cinnamonitrile ( 15), a-methyl-cis-cinnamonitrile ( 18), 4-chloro- 
2,3-dimethyl-truns-2-butenenitrile (23), and 3-cyano-2,4-dimethyl-1,3-pentadiene (26). Without DMF, the 
conversion proceeds thermally in low yields (<5%). Replacement of the nucleophile DMF with DMSO as 
solvent-reactant afforded no nitriles. Working hypotheses for both the thermal and nucleophilic routes to 
unsaturated nitrile products are proposed. 

The solvolytic conversion of N-chlorosulfonyl-p- 
lactams to a,&unsaturated nitriles using DMF has been 
patented, 3 1 4  while a similar transformation df N-chloro- 
sulfonylcarboxamides to nitriles with amides (DMF, 
formamide, dimethylacetamide, a-pyrrolidone, and N- 
methylpyrrolidone) has been r e p ~ r t e d . ~  Finally, treat- 
ment of N-chlorosulfonylcarboxamides with equimolar 
amounts of tertiary amines (triethylamine, diisopropyl- 
ethylamine) also affords nitriles in good yields.6 This 
latter technique is especially useful on acid-sensitive 
substrates. h4echanisms have been proposed for 
the N-chlorosulfonylcarboxamide -t nitrile transforma- 
t i o n ~ , ~ ~ ~  but not for the N-chlorosulfonyl-p-lactam + 
a,P-unsaturated nitrile conversions. Further, while 
the reaction of l-chlorosulfonyl-4-phenyl-2-azetidinone 
(14) with DMF has been reported, the geometry of the 
product cinnamonitrile has not been established [it is 
trans (15)l. 

It was the purpose of this research to enlarge the base 
of information available on the p-lactam-DMF reac- 
tion in order to determine its scope and limitations, and 
therefrom, perhaps to  elucidate possible mechanisms 
for this conversion of P-lactams to unsaturated nitriles. 
The N-chlorosulfonyl derivatives of the following 2- 
azetidinones were chosen: 4,4-dimethyl- (l),  4,4- 
diethyl- (3), 3-ethyl-4,4-dimethyl- (6), 3-methyl-l- 
azaspiro [3.5]nonan-2-one (9), 3,3,4,4-tetramethyl- 
( l l ) ,  4-tert-butyl- (13), 4-phenyl- (14), cis- (16) and 
trans-3-methyl-4-phenyl- (17), cis- (19) and trans-3,4- 
diethyl- (20), 4,4-dimethyl-3-methylene- (21), and 4,4- 
dimethyl-3-isopropylidene (25). 

In  general, the procedure consisted of dissolution of 
the N-chlorosulfonyl-p-lactam in 3-4 mol equiv of DMF 
and stirring for 16-64 hr a t  70-80”. After conventional 
work-up, the product nitriles were distilled and identi- 
fied by comparison with authentic samples, synthesis, 
and/or degradation and spectral analysis. 

Results 
Treatment of 1 with DMF afforded solely the a,p- 

conjugated product 3-methyl-2-butenenitrile (2, 30%) 
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(Scheme I) I Conversely, 9 led exclusively to the p,y-un- 
saturated nitrile, 2-(l-cyclohexenyl)propanenitrile (10, 
65%). Intermediate between these extremes was the 
conversion of 3 and 6 to mixtures of both a,p- and p,y- 
unsaturated nitriles. Thus 3 led to a separable 9 :  1 
mixture (65-75%) of 3-ethyl-2-pentenenitrile (4) and 
3-ethyl-3-pentenenitrile ( 5 ) ,  while the trisubstituted p- 
lactam 6 was converted to a 1: 1 mixture (63%) of 2- 
ethyl-3-methyl-2-butenenitrile (7) and 2-ethyl-3-meth- 
ylenebutanenitrile (8). 

In  the case of the tetraalkyl-substituted p-lactam 11, 
the only olefinic nitrile product possible, 2,2,3-tri- 
methyl-3-butenenitrile (12), was isolated in 43% yield. 
Unexpectedly, this same p, y-unsaturated nitrile 12 was 
obtained in 20% yield by treatment of the monosub- 
stituted p-lactam 13 with DMF. 

As noted, the reaction between p-lactam 14 and DMF 
led only to the isolation of trans-cinnamonitrile (15,23%,! ; 
further evidence for the lack of stereoselectivity in thls 
transformation may be adduced by the fact that both 
cis- (16) and trans-p-lactam (17) afforded only a- 
methyl-cis-cinnamonitrile (18) in 20 and 25% yields, 
respectively. 

The trans relation of vicinal protons in 15 was indi- 
cated by the strong out-of-plane absorption at  p 10.35’& 
in the ir and the magnitude of the coupling constant 
( J  = 17 Hz) in the nmr. The a-styryl proton in 15 
(cis to CK) appeared as a doublet a t  6 7.20. In  18, the 
analogous proton provided a more shielded signal a t  6 
6.80 indicative of its trans relation to the nitrile group 
(and/or that i t  is cis t o  the methyl group).7b 

The reaction of cis- (19) and trans-p-lactam (20) with 
DMF led to an oil with no nitrile absorption. 

Treatment of 21 with DMF under the usual condi- 
tions afforded 4-chloro-2,3-dimethyl-trans-2-butene- 
nitrile (23, 35%), dehalogenation of which under hy- 
drogen (5% Pd-C) afforded the knowns and indepen- 
dently prepared 2,3-dimethyl-2-butenenitrile (24). 

(4) K. Matterstock and G. Lohaus, DAS 1,253,704, Farbwerke Hoechst 

(6) G. Lohaus, Chem. Ber., 100, 2719 (1967). 
(6) H. Vorbruggen, Tetrahedron Lett., 1631 (1968). 
( 7 )  (a) L. J. Bellamy, “The Infra-red Spectra of Complex Molecules,” 

Wiley, New York, N. Y., 1958, p 45. (b) In  methacrylonitrile, e.g., the 
protons cis and trans to the CN group appear at 6 5.82 and 5.73, respectively: 
Spectrum No. 97 in “NMR Spectra Catalog,” Vol. 1, Varian Associates, 
Palo Alto, Calif., 1962: cf. also Spectra No. 64 (methyl acrylate) and No. 113 
(methyl methacrylate). 

(8) Fr.  de Laet, Bull. Sac., Chin.  Beless, S8, 168 (1929): Chem. Abstr., 98, 
4443 (1929). 

AG (1964). 
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26, R1 = Rp = CHa; Rs = 
C( CHa)=CHa 

Both 23 and 24 displayed infrared absorptions a t  4.50- 
4.51 (conj C=N) and 6.08-6.10 p (C=C). In  the nmr, 
the two trans-methyl groups in 23 appeared as singlets 
at 6 2.11 and 1.99 with an additional two proton singlet 
at 6 4.23. The methyl protons in 24 appeared as 
singlets at 6 2.02 and 1.82 with intensity ratio 1:2, re- 
spectively. Since protons cis to electronegative sub- 
stituents are more deshielded than their trans counter- 
parts, the downfield signals at 6 2.11 and 2.02 are attri- 
buted to methyl protons cis to the nitrile group in 23 
and 24, respectively. The unusual response of 21 to 
DMF prompted a similar study of the effect of this nu- 
cleophile on similarly structured p-lactam 25. The 
only product obtained was the conjugated diene, 3- 
cyano-2,4-dime thyl-1 ,&pentadiene (26,43%). 

Effect of :Nucleophile, Temperature, and Solvent.- 
Treatment of p-lactam 3 with DMSO, instead of DMF, 
as solvent-reactant, led to  an exothermic reaction with 
rapid gaseous evolution. After stirring the reactants 
for several hours a t  room temperature, extensive poly- 
merization was evident; the mixture darkened and be- 
came very viscous. The usual work-up afforded no 
nitriles. 

When 3 and DMF were stirred a t  room temperature 
for 18 hr, a 25% yield of nitrile mixture 4 + 5 was ob- 
tained. Treatment of 3 (70-80”) for the same period of 
time in such solvents as hexane, benzene, and aceto- 
nitrile, but without DMF, also gave the nitrile mixture 
but in yields of less than 5%. Thus two mechanisms 
seem operative, one thermal and the other requiring 
the nucleophile DMF. 

All reactions in this series were accompanied by ex- 
tensive polymerization, some of which was probably 
caused by the acidic by-products generated (SOs, HC1) 
under the reaction conditions. With DMF, some of 
this acidity may be neutralized since it forms a stable 
complex with With varying ratios 4-1: 1 of p- 
lactam 3 t o  DMF, the product mixture yields were in 
the 10-20010 range. When excess DMF was used (3-4 
mol equiv), the yield of 4 4- 5 rose to 71% which could 

(9) M. L. Wolfrorn and T. M. Shenhan, J .  Arne?. Cham. Soc., 81, 1764 
(1969). 

be increased to 8201, by the addition of the base pyr- 
idine. 

Reaction Mechanism.-Working mechanistic hy- 
potheses for both the thermal and nucleophilic routes to 
unsaturated nitrile products are summarized in Scheme 
11. The former involves thermal p-lactam cleavage to 
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the 1,4-dipolar species (A) with its delocalized anionic 
moiety. Isomerization of this primary dipole via the 
four-membered oxathiazete ring (B) to the nitrilium 
nwitterion C followed by elimination of SO3 would lead 
to carbonium ion D, the progenitor of unsaturated ni- 
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trile products.1° The cyclic mechanism E + F pro- 
posed involves precedented nucleophilic attack of DMF 
a t  the S site to give the iminium salt El6 followed by col- 
lapse of the p-lactam moiety to carbonium ion F. Loss of 
SO3 and regeneration of DMF would lead to carbonium 
ion D. To account for the observed lack of stereoselec- 
tivity, p-lactam cleavage by both pathways to  nitrilic 
carbonium ion D and its deprotonation to unsaturated 
nitriles must occur in step-wise fashion, albeit interme- 
diate steps A --t B --t C --t D -+ F + E may be syn- 
chronous. 

The formation of nitrile 2 and the predominance of 4, 
from p-lactams 1 and 3, respectively, suggests that when 
the conjugated nitrile is also the more substituted olefin, 
the preferred deprotonation of D is that which leads pre- 
dominantly to a,@-unsaturated nitriles. The formation 
of 10 is in accord with the generalization that in sim- 
ple hydrocarbons containing six-membered rings, endo- 
cyclic are far more stable than exocyclic double b0nds.l' 
A discernible pattern in the formation of equal amounts 
of nitrile products 7 and 8 from 7 is not evident. The 
formation of 8 is statistically favored over 7; perhaps 
the relatively high acidity of the methine proton in 6 
serves as an effective driving force in the deprotonation 
of D to the conjugated nitrile 7. 

The conversion of 21 to 23 presumably occurs via 1,4 
addition of liberated HC1 to intermediate 2-cyano-3- 
methyl-l13-butadiene (22) which in turn would be a de- 
protonation product of D. This view of a dienic inter- 
mediate is supported by the actual isolation of the con- 
jugated diene product 26 from 25. Since the allylic, 
geminal methyl groups (R1 and R, in 26) apparently 
protect this double bond from further reaction, the re- 
sults suggest that 1,4 addition of HCl to 22 (and its fail- 
ure to do so in 26) is initiated by protonation a t  the 
methylene carbon geminal to the nitrile function. 

The formation of 18 from both 16 and 17 can be ac- 
counted for by deprotonation after the carbonium ion 
has assumed the most stable conformation; i.e., the 
bulkier phenyl and methyl groups move farthest away 
from each other as the u bond of the proton to be elimi- 
nated aligns trans to the vacant p orbital (Scheme 111). 
If p-lactam cleavage and the deprotonation steps were 
synchronous, only 17 would lead to 18. 

The identity of nitrile product (12) resulting from 11 
and 13 can be rationalized by a series of equilibria 
(Scheme IV) in which p-lactam 13 first rearranges, via 
the thermodynamically more stable olefin, tetramethyl- 

(10) R. Graf's original mechanism for chlorosulfonyl isocyanate (CSI) 
preparation [Ber., 89, 107 (l956)] has been discussed in the framework of 
1,4-dipolar cycloadditions by R. Huisgen [Z. Chem., 8 ,  290 (1968)], who 
suggests the following. 
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I n  this case, the primary 1,4 dipole is the nitrilium zwitterion (I) which 
proceeds to  a new 1,4 dipole (111) uia four-membered ring 11. Our oxygen 
transfer step B -+ C is the reversal of I1 
(11) H. C. Brown, J. H. Brewster, and H. Shecter, J. Amer. Chem. Soc., 

76,  467 (1954); H. C. Brown, J .  Org.  Chem., %a, 439 (1957). 
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ethylene (27), to @-lactam 11 followed by conversion to 
nitrile 12. This rearrangement is reminiscent of the 
CSI-catalyzed rearrangement (slow) of 1, l12,2-tetra- 
methylcyclopropane to 2,3,3-trimethyl-l-butene fol- 
lowed by more rapid CSI addition to the formed olefin.12 

Experimental Section13 
Reaction of p-Lactams with DMF.-The general procedure 

was as follows. The p-lactam was stirred at 70-80" with 3-4 
mol equiv of DMF for 16-64 hr. The dark, viscous mixture 
was poured onto 50 ml of cold water and extracted continuously 
with 250 ml of pentane for 12 hr. The pentane extract was dried 
(MgSO,), filtered, and evaporated. Distillation of the residue 
in vacuo afforded the nitrile product. Any variations in isolation 
procedure are noted under the appropriate p-lactam. 

l-Chlorosulfonyl-4,4-dimethyl-2-azetidinone (1) (19.1 g, 0.10 
mol) gave 2.4 g (30%) of 3-methyl-2-butenenitrile (2) .  Vpc 
indicated the presence of a minor component as a shoulder on 
the main peak, presumably the p,yunsaturated nitrile. Nitrile 
2 was obtained as colorless liquid: bp 39-41' (15.5 mm) [lit.l6 
bp 141-142' (762 mm)]; ir (neat) 4.50 (conj CGN) and 6.10 fi  
(C=C); nmr (neat) 6 1.88 (d, 3, J = 1.5 Hz, CH.9 t,rans to 
CEN), 1.98 (s, 3, CH.9 cis t o  C s N ) ,  and 5.08 (9, 1, J = 1.5 
Ha, =CH). 

(12) E. J. Moriconi, J. F. Kelly, and R. A. Salomone, ibid., 83, 3448 
(1968). 
(13) Boiling points are uncorrected. Melting points were determined on a 

Mel-Temp apparatus and are uncorrected. Microanalyses were performed 
by the Schwarskopf Microanalytical Laboratory, Woodside, N. Y. The 
infrared spectra were reoorded on a Perkin-Elmer 337 spectrophotometer. 
Nmr spectra were obtained on a Varian Associates A-60 spectrometer using 
TMS as an internal standard. Gas ohromatograms were run on a Perkin- 
Elmer 880 instrument with a flame ionization detector and using a column 
packed with 10% SE-30 on Chromosorb W. Preparative vpc was accom- 
plished on a Perkin-Elmer F 21 using a oolumn packed with 18% QF-1 on 
Chromosorb W operating at temperature 12E-135O. C8I was obtained from 
American Hoechst Corp. Fisher Scientific Corp. DMF was used without 
further purification, @-lactams 8, 6, 9, 11, 14, 16, 17, 19, 20, 21, and a6 
were available from previous researches.""6 

(14) (a) E. J. Moriconi and J. F. Kelly, J .  Amer. Chem. Soc., 88, 3657 
(1966); (b) E. J. Moriconi and J. F. Kelly, J. Org.  Chem., 83, 3036 (1968). 
(15) R. Graf, Justus Liebigs Ann. Chem., 661, 111 (1963). 
(16) B. V. Ioffe and D. D. Tsitovich, Dokl. Akad. Nauk SSSR,  166, 1348 

(1964); Chem. Abslr., 61, 1849 (1964). 
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Anal. Calccl for C6H7N: C, 74.03; H, 8.70; N, 17.27. 
Found: 

l-Chlorosulfonyl-4,4-diethyl-2-azetidinone (3)'s (15.1 g, 0.07 
mol) gave 5.2 g (71%) of 3-ethyl-2-pentenenitrile (4) and 3-ethyl- 
3-pentenenitrile (5) as colorless liquids in a 9 : l  ratio by vpc: 
bp (of mixture) 68-69" (14.5 mm) [lit." bp (of 4)  66' (18 mm), 
lit.18 bp (of 5) 105-104' (72 mm)];18 ir (neat) 4.46 ( C r N ) ,  4.51 
(conj C=N), and 6.13 p (C=C); nmr (neat) 6 1.02 (m, 9, CHa), 
1.60 (d, 3, J == 7 Hz, =CHCHa), 2.18 (m, 6, CHzCHa), 3.05 
(broad s, 2, CHZCN), 5.07 (8,  1, =CHCN), and 5.41 (9, 1, 
J = 7 Hz, =CHCHa). 

Anal. Calcd for C7H11N: C, 77.01; H, 10.16; N, 12.83. 
Found: 

The isomeric mixture was separated by preparative gas chro- 
matography to yield 4 [ir strong bands at  4.52 (conj C s N )  
and 6.06 p (C:=C)] and 5 [ir 4.46 (strong CBN) and 5.99 p 
(weak C=C)]. Recovery from preparative vpc was so poor 
that samples available were insufficient for individual nmr analy- 
sis. 

When 5.3 g (0.07 mol) of pyridine was added dropwise to a 
stirred mixture of 15.1 g (0.07 mol) of 3 and 10.0 g (0.13 mol) of 
D M F  a t  60' for 24 hr, the yield of nitrile product mixture (4 + 5)roseto6.0g(82%),bp69-71° (15mm). 

Finally, careful addition of 15.6 g (0.21 mol) of DMSO to 15.1 
g (0.07 mol) of 3 led to an exothermic reaction accompanied by 
rapid gaseous evolution. After several hours, the dark brown 
viscous product displayed no CN band in the infrared. 

1-Chlorosulfonyl-3-ethyl-4,4-dimethyl-2-azetidinone (6)14b 
(10.0 g, 0.04 mol) gave 3.0 g (63%) of 2-ethyl-3-methyl-2-butene- 
nitrile (7) and 2-ethyl-3-methylenebutanenitrile (8) as colorless 
liquids in a 1: 1 ratio by vpc, bp (of mixture) 61-62' (14.5 mm). 

Anal. Calcd for C7H11N: C, 77.01; H ,  10.16; N, 12.83. 
Found: C,77.01; H, 10.21; N, 12.71. 

Preparative vpc afforded pure 7: ir (neat) 4.53 (conj C z N )  
and 6.10 p (C=:C); nrnr (neat) 6 1.08 (t, 3, J = 7 Ha, CHZCH,), 
1.83 (s, 3, CHB trans to C=N), 2.03 (s, 3, CH3 cis to C=N), 
and 2.21 (q,2,  J = 7 Hz, CH2CH3). 

Isomer 8 wii,h the shorter retention time could not be com- 
pletely separated from 7. Its spectral data was inferred from 
that of the product mixture: ir (neat) 4.47 (CEN) and 6.04 p 
(C=C); nmr (neat) 6 1.07 (t, 3, J = 7 Hz, CHaCHa), 1.81 

= 7 Hz, CHCN), 4.97 and 5.04 (two singlets each with fine split- 
ing, 2, =CH2). 

1-Chloros~lfonyl-3-methyl-1-azaspiro [3.5] nonan-2-one (9)14b 
(6.0 g, 0.02 mol) gave 2.1 g (65%) of 2-(l-cyclohexenyl)propane- 
nitrile (10): bp 98-99' (12 mm) [lit.'Q bp 113" (13 mm)]; ir 
(neat) 4.47 p ( C z N ) ;  nmr (CCl,) S 1.35 (d, 3, J = 7 He, CHa), 
1.63 (m, 4, C-4,5 protons of cyclohexene moiety), 2.03 (m, 4, 
C-3,6 allylic protons), 3.15 (q, 1, J = 7 Hz, CH), and 5.75 
(broad singlet with fine splitting, I ,  =CH). 

Anal. Calcd for C8H13N: C, 79.75; H, 9.69; N, 10.36. 
Found: C,79.76; H,9.62; N ,  10.38. 

A repetition of Rajzman's procedure20 for the preparation of 
10 in three steps from cyclohexanone and ethyl cyanoacetate 
led to a product, bp 114' (19 mm), whose nmr [(CCl,) 6 1.62 
(s, 6, CHZ), 1.85 (9, 3, CHa), and 2.37 (m, 4, CHZ)] clearly indi- 
cate it to be the a,@ isomer, 2-cyclohexylidinepropanenitrile. 

l-Chlorosulfonyl-3,3,4,4-tetramethyl-2-azetidinone (1 1 )l4b 
(11.3 g, 0.05 mol) gave 2.3 g (43%) of 2,2,3-trimethyl-3-butene- 
nitrile (12) as a yellow oil: bp 48.5-49' (14.5 mm) [lit.21 bp 
51.3-51.5' (19 mm)]; ir (neat) 4.46 (CEN) and 6.04 p (C=C); 
nrnr (neat) 6 1.42 [s, 6, C(CH&], 1.83 (9, 3, CHa), 4.92 (broad 
s ,1 ,  vinyl H), and 5.10 (s, 1, vinyl H). 

Anal. Calcd for C7H11N: C, 77.01; H, 10.16; N, 12.83. 
Found: C, 77.00; H ,  10.44; N, 12.76. 

Hydrogenation of 12 (2.6 g, 0.024 mol) in 50 ml of ethanol at 
39 psi over 5% Pd-C for 4 hr ultimately afforded 2.0 g (77%) of 
2,2,3-trimethylbutanenitrile: bp 46-47' (15 mm) [lite22 bp 152O 

C, 73.84; H ,  8.79; N, 16.92. 

C, 76.86; H ,  10.04; N, 13.02. 

(s, 3, =CCHa), 2.20 (9, 2, J = 7 Ha, CHtCHB), 3.22 (t, 1, J 

(17) P. Rouiller, D. Gagnaire, and J. Dreux, Bull. SOC. Chim. Fr., 689 

(18) D .  E. Whyte and A. C. Cope, J. Amer. Chem. Soc., 66,1999 (1943). 
(19) A. Kandiah and R .  P .  Linstead, J. Chem. Soc., 2139 (1929). 
(20) P. Rajzman, Bull. Soe. Chim. Fr. ,  754 (1948). 
(21) J. P. Fleulry and A. Bader, ibid., 951 (1965). 
(22) C. R .  Harris and W. W. De Atley, U. 8. Patent 2,455,995 (1948); 

(1966). 

Chem. Abstr., $8, 3439h (1949). 
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(760 mm)]; ir (neat) 4.47 p (CEN); nrnr (neat) 6 1-00 [d, 6, 
J = 6.5 Ha, CH(CH3)2], 1.24 [s, 6, C(CHa)&N], and 1.65 (m, 
1, CH). 
1-Chlorosulfonyl-4-t-butyl-2-azetidinone (13)'b (25.8 g, 0.11 

mol) also gave 2.49 g (20%) of 12, identical in every respect with 
that obtained from 11. 

l-Chlorosulfonyl-4-phenyl-2-azetidinone ( 14)15 (12.2 g, 0.05 
mol) gave 1.48 g (23%) of trans-cinnamonitrile (15): bp 94-95' 
(2 mm); ir (neat) 4.51 (C=N), 6.15 (C=C), and 10.35 p (trans 
-CH=CH-); nrnr (CClr) 6 5.74 (d, 1, J = 17 Hz, =CHCN), 
7.20 (d, 1, J = 17 Hz, =CHCsH5), and 7.30 (6, 5, C&). 

Anal. Calcd for CaHTN: C, 83.69; H, 5.46; N, 10.85. 
Found: 
cis-3-Methyl-4-phenyl-2-azetidinone ( 16)14b (13 g, 0.05 mol) 

and 8 ml(O.10 mol) of DMF in 25 ml of benzene were refluxed for 
3 days. The dark viscous mixture was added to cold water and 
stirred until the benzene layer separated. The benzene moiety 
was washed twice with water, decolorized (Norit), dried (MgSOr), 
filtered, and evaporated in  vacuo. Distillation at  90-92' (1 
mm) afforded 1.4 g (20%) of a-methyl-cis-cinnamonitrile (18): 
lit.28 bp 120" (14 mm); ir (neat) 4.51 (CEN) and 6.15 /I (C=C); 
nmr (CC1,) 62.06 (9, 3, CHa), 6.80 (broad s, 1, =CH), 7.30 (m, 
3, meta- and para-aromatic H),  and 7.60 (m, 2, ortho-aromatic 
H). The analytical sample was prepared by preparative vpc. 

Anal. Calcd for ClOHgN: C, 83.88; H, 6.34; N, 9.78. 
Found: 

Similarly, 6.5 g (0.02 mol) of Irans-3-methyl-4-phenyl-2-azeti- 
dinone14b (17), 4 ml (0.05 mol) of DMF, and 15 ml of benzene, 
after refluxing for 2 days, gave 0.86 g (25%) of 18, bp 88-90' 
(1 mm). The ir and nmr spectra of 18 obtained from 16 and 
17 were superimposable. 

cis- (19) and trans-l-Chlorosulfonyl-3,4-diethyl-2-azetidinone 
(2O)14b (2.2 g, 0.01 mol), each dissolved in 20 ml of benzene, 
were heated at 80' for 4 days with 5 ml of DMF. After extrac- 
tion of DMF with H20, the organic layer was dried (MgSO4) and 
filtered, and the benzene was removed by distillation in vacuo. 
The residual oil showed no nitrile absorption in their. 
l-Chlorosulfonyl-3-methylene-4,4-dimethyl-2-azetidinone (2 1)14 

(21.0 g, 0.10 mol) gave 4.5 g (35%) of 4-chloro-2,3-dimethyI- 
trans-2-butenenitrile (23): bp 99.5-101' (13.5 mm); ir (neat) 
4.51 (CszN) and 6.10 p (C=C); nmr (neat) 6 1.99 [s, 
3, =C(CHa)CN], 2.11 [s, 3, =C(CHa)CHzCl], and 4.23 ( 8 ,  

2, CHz). 
Anal. Calcd for CsHsNC1: C, 55.60; H, 6.22; N, 10.82; 

mol wt, 129. Found: C, 55.81; H, 6.31; N, 10.82; mol wt, 
131. 

Catalytic hydrogenation of 23 (1.02 g, 0.008 mol) in 30 ml of 
absolute ethanol over 5% Pd-C at  32 psi hydrogen pressure 
ultimately afforded 2,3-dimethyl-2-butenenitrile (24): bp 48-49' 
(14 mm) [lit.* bp 157' (766 mm)]; ir (neat) 4.50 (C=N), 6.08 
p (C=C); nmr (neat) 6 1.82 (9, 6, Cis-CHa groups) and 2.02 
(s, 3, CHa cis to CN). 

Anal. Calcd for CQ"N: C, 75.74; H ,  9.54; N, 14.71. 
Found: C, 75.81; H, 9.73; N, 14.68. 

The considerable discrepancy between our boiling point for 24 
and the extrapolated literature values led us to repeat the prepara- 
tion of 24 from 3-methyl-2-butanone. A solution of 65 g (1.0 
mol) of XCN in 12fj ml of water was added slowly to a cooled 
(ice bath) mixture of 102 g (1.0 mol) of acetic anhydride and 43 g 
(0.Fj mol) of 3-methyl-2-butanone. Stirring was continued for 
16 hr a t  room temperature after which saturated NazCOa solu- 
tion was added until the mixture was alkaline to litmus. The 
whole was extracted with three 100-ml portions of benzene. The 
combined extracts were washed with 30% aqueous NaHSOa 
and dried (MgSO4), and the benzene was removed in vacuo (15 
mm). The residual oil was distilled at  89-91" (11 mm) to yield 
33.9 g (60%) of the cyanohydrin. 

A solution of 15.6 g (0.14 mol) of this cyanohydrin in 100 ml of 
dry benzene was refluxed for 12 hr with 10 g of P205. The liquid 
was decanted from the solid material and the solvent distilled. 
Fractionation a t  49-50" (14 mm) gave 10.5 g (79%) of a colorless 
liquid identical with 24. 

l-Chlorosulfonyl-4,4-dimethyl-3-isopropylidine-2-azetidinone~4 
(25)  (7.0 g, 0.03 mol) gave 1.6 g (43%) of 3-cyano-Z,4-dimethyl- 

C,83.97; H, 5.34; N, 10.76. 

C, 83.57; H, 6.43; N, 9.65. 

(23) P. Pfeiffer, I. Engelhardt, and W. Alfuss, Justua Liebigs Ann. Chem., 
467, 158 (1928). 
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protons), 2.07 (9, 3, b protons), 4.87 (broad s, 1, vinyl proton), 
and 5.17 (m, 1, vinyl proton). 

Anal. Calcd for CBHIIN: C, 79.29; H, 9.15; N, 11.56. 
Found: 

Registry No.-2, 4786-24-7; 4, 5631-82-3; 5,  26157- 

CH2 
II ,c, ,CH3 a 

C, 79.33; H, 9.61; N, 11.34. /c=c\cH, a CH, 
CN 

26 47-1; 7,26157-48-2; 8,26154-39-2; 10,26157-49-3; 12, 
4786-26-9; 15, 1885-38-7; 18, 26157-51-7; 23, 26157- 

1,j-pentadiene (26): bp 71-74O (14.5 mm); ir (neat) 4.52 52-8; 24, 4786-37-2; 26, 26154-42-7; 2,2,3-trimethYl- 
( C r N ) ,  6.08 and 6.14 p (C=C); nmr (neat) 6 1.89 (split S, 6, a butanenitrile, 26154-43-8. 
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Some dinucleoside phosphate and trinucleoside diphosphate analogs that possess internucleotide phosphor- 
amidate bonds [-OP(0)NH-] are described. These compounds are stable in neutral and alkaline solution, but 
they hydrolyze in acidic solutions and in solutions containing snake venom phosphodiesterase or spleen phos- 
phodiesterase. A possible role for substances of this type in the synthesis of defined polynucleotides is suggested. 

We describe in this paper the synthesis and some 
chemical properties of the oligonucleotide analogs 
thymid ylyl- (3’-5’)-5’-amino-5’-deoxythymidine (TpNT, 
compound I), thymidylyl- (3’-5’)-5’-amino-5’-deoxy- 
thymidylyl-(3‘-5’)-5’-aminod’-deoxythymidine (TPN- 
TPNT, compound 11) , and 5’-amino-5’-deoxythymi- 
dylyl- (3’-5’) -5’ -  amino- 5‘-deoxythymidine (NTPNT, 
compound 111). These compounds were prepared as 

0 
I o=y-o- 

I 

OH 
11 

(1) Part  XVI in series on Nucleotide Chemistry: for XV, aee R. L. 
Letsinger, K.  K. Ogilvie, and P. S. Miller, J. Amer. Chem. Soc., 91, 3360 
(1969). This research was supported in part by a research grant (GM 
10265) from the Division of General Medical Sciences, of the National In- 
stitutes of Health. 
(2) National Science Foundation Predootoral Fellow, 1968-present. 

models to explore the accessibility and stability of 
polymers containing nucleoside units joined by 0-P-N 
bonds. Our interest in this class of compounds was 
stimulated by the prospect that the stepwise chemical 
synthesis of such analogs might be more readily achieved 
than the synthesis of the natural polynucleotides and 
that the phosphoramidate analogs might serve as 
templates for enzymatic synthesis of defined poly- 
nucleotides from the nucleoside triphosphates and the 
polymerase enzymes. 

The general synthetic approach was patterned after 
the phosphotriester method for oligonucleotides3 as 
modified by Reese and SaffhilL4 Thymidine was first 
protected by reaction with isobutyl chloroformate, a 
reagent that reacts selectively at  the 5’ oxygen.6 
Treatment of the resulting ester, 5’-O-isobutyloxy- 
carbonylthymidine, with phenyl phosphorodichloridate 
and pyridine in dioxane, followed by 5‘-amho-5‘- 
deoxythymidinee and triethylamine in dioxane, afforded 
the protected derivative, compound IV. This phos- 
phoramidate was isolated in 83% yield by chroma- 
tography on silica gel. In  agreement with expectations, 
the condensation of the phosphoryl monochloride with 
the amino group of 5‘-amino-5‘-deoxythymidine pro- 
ceeded rapidly, being complete in less than 30 min. 
This feature is advantageous since i t  would facilitate 
the synthesis of a long chain poly(aminodeoxy nucleo- 
tide), both by reducing the time (relative to the time 
for synthesizing a natural polynucleotide via phosphoryl 
chlorides) and by eliminating the necessity for blocking 
the oxygen function at  the 3‘ position of the nucleosides. 

One of the major questions concerning the utility of 
polynucleotide phosphoramidate analogs pertained to 
the stability of the internucleoside links. Simple 
phosphoramidates are known to be relatively labile; 
they hydrolyze readily in aqueous acid7 and are suffi- 
(3) R. L. Letsinger and K. K. Ogilvie, J. Amer. Chem. Soc., 91, 3360 

(4) C. E. Reese and R. Saffhill, Chem. Commun., 767 (1968). 
(5) K. K. Ogilvie and R. L. Letsinger, J. Org. Chem., 83, 2365 (1967). 
(6) J. P. Horwitz, A. J. Tomson, J. A. Urbanski, and J. Chua, ib id . ,  27, 

3045 (1962). 
(7) (a) T .  C. Bruice and S. J. Benkovio, ”Bioorganic Mechanisms,” Val. 

11, W. A. Benjamin, New York, N. Y., 1966, p 71; (b) A. W. Garrison and 
C. E. Booier, J. Amer. Chem. Soc., 90, 3486 (1968). 

(1969); 89, 4801 (1967). 


